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Abstract
The treatment of upper gastrointestinal bleeding (UGIB) remains one of the complex problems of clinical practice. In the
structure of UGIB, 30%-60% of cases are occupied by bleeding of ulcerative etiology. Success in treating patients with ulcerative
gastroduodenal bleeding is possible only with the use of an integrated approach that includes endoscopic, medicinal, endovascular,
and surgical hemostasis technologies. In contrast, endoscopic hemostasis (EH) is crucial in the treatment of such patients. The use
of modern advances in endoscopy can significantly improve the treatment results of patients with UGIB, reducing the number of
operations and mortality in this severely affected group of patients. Modern therapeutic endoscopy has a wide arsenal of tools that
can reliably stop bleeding. They differ from each other in the nature of impact, effectiveness, availability, safety, and cost. This
article presents an overview of the technological and clinical features of hemostasis, modern views on the choice and application
of methods of EH for ulcerative gastroduodenal bleeding.(International Journal of Biomedicine. 2021;12(1):9-18.)
Key Words: gastrointestinal hemorrhage • endoscopic hemostasis • peptic ulcer disease • powdered hemostatic systems
For citation: Cherednikov EF, Barannikov SV, Yuzefovich IS, Chernykh AV, Berezhnova TA, Polubkova GV, Banin IN, Maleev
YuV, Ovsyannikov ES, Shkurina IA. Modern Technologies of Endoscopic Hemostasis in the Treatment of Ulcer Gastroduodenal
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Abbreviations
AGDU, acute gastroduodenal ulcers; APC, argon-plasma coagulation; EH, endoscopic hemostasis; GIB, gastrointestinal bleeding;
LDA, low-dose aspirin; NSAIDs, non-steroidal anti-inflammatory drugs; OTSC, over-the-scope-clip; PUD, peptic ulcer disease;
PRP, platelet-rich plasma; UGIB, upper gastrointestinal bleeding.

Introduction
The treatment of UGIB is a serious problem of global
clinical practice, which is due to the high rates of morbidity
and mortality in this pathology. From 40 to 150 cases of
gastrointestinal bleeding (GIB) per 100,000 population are
registered annually. The overall mortality in this pathology
is at a high level and reaches extremely high figures (40%)

with the development of recurrent hemorrhage. From an
economic point of view, this problem is also very acute, which
is associated with the enormous costs of healthcare systems
for the treatment of GIB patients.(1-5)
The largest number of cases in the structure of UGIB falls
on the share of bleeding of ulcerative etiology – 30%-60% of
cases. PUD of the stomach and duodenum is a chronic recurrent
disease with various variants of the course, characterized by

10

E. F. Cherednikov et al. / International Journal of Biomedicine 12(1) (2022) 9-18

the formation of an ulcerative defect in the mucous membrane
and submucosal layer, due to a local inflammatory-necrotic
process with an imbalance of intragastric factors of aggression
and defense.
PUD is chronic, often recurrent, affecting the young and
able-bodied. The progression of PUD is inevitably combined
with the development of its complications, in the structure
of which the first place is occupied by UGIB (40%-51%),
developing in every 10 patients with PUD.(6,7)
Gastroduodenal ulcers can also form due to factors
unrelated to the pathogenesis of PUD. These lesions of the
gastrointestinal tract are commonly referred to as acute
or “symptomatic” gastroduodenal ulcers (AGDU), which
have a clear connection with provoking factors with a short
history of the development of the disease. According to
recent publications, more than half of UGIBs of ulcerative
etiology develop as a result of AGDU, rather than PUD, and
the number of patients with bleeding from AGDU increases
from year to year. Bleeding from AGDU is most common in
elderly patients, in patients with burns, after severe surgical
interventions, with acute myocardial infarction, cardiovascular
insufficiency, uremia, sepsis, and other urgent conditions. The
occurrence of this formidable complication in patients with
urgent conditions significantly worsens the results of their
treatment and often leads to fatal outcomes.(8,9)
One of the types of AGDU is drug ulceration of
the stomach and duodenum, the so-called drug ulcers or
gastropathy. They are most often formed with the prolonged,
uncontrolled intake of anticoagulants, LDA, NSAIDs,
glucocorticosteroids, etc.(10-12)
Success in the treatment of patients with ulcerative
gastroduodenal bleeding, according to many authors,
is possible only with the use of an integrated approach.
The main factors determining the successful treatment of
patients with ulcerative bleeding are EH, drug-induced
hemostasis, and endovascular and surgical hemostasis. At
the same time, conservative methods of stopping UGID are
of crucial importance in the treatment of such patients, in
which EH is of leading importance, and surgical treatment
should be performed only in cases when all the possibilities
of conservative treatment have been exhausted.(13,14) In this
regard, the study of modern methods of EH of UGIB is of
particular relevance.
General issues for technologies of EH of UGIB
Endoscopy for UGIB is the most significant endoscopic
procedure. Urgent endoscopic examination of the upper
digestive tract plays an important role both in the diagnosis
and in the treatment of GID. There is no doubt that the decisive
role in providing highly qualified care to patients with UGIB
belongs to EH and preventing the resumption of GIB. The use
of therapeutic endoscopy in patients with UGIB of ulcerative
etiology, especially in patients with severe concomitant
pathology, and severe blood loss, avoids surgical treatment
and reduces overall mortality.(15-17)
Modern endoscopy has a wide arsenal of tools that can
reliably stop bleeding. They differ from each other in the
nature of impact, effectiveness, availability, safety, and cost.
The ideal remedy for EG in UGIB should meet the following

requirements: reliable mechanical compression of the bleeding
vessel; protection of ulcers from the aggressive effects of
gastric contents; the possibility of its application through an
endoscope; high hemostatic properties that persist against
the background of various coagulopathies; a large area of
contact with blood and bleeding surface; presence of sorption,
adhesive and plastic properties; long-term preservation on
the surface of the bleeding source; positive effect on trophic
and regenerative processes; antimicrobial effect; absence
of antigenic and toxic properties; safety during application;
cheapness; and ease of production and application.(18-20)
The main methods of EH include injection therapy,
thermal therapy, mechanical therapy, topical therapy, and
combined methods. The choice of the EH method depends on
the etiology, localization of the source of hemorrhage, type
of UGID, features of the bleeding lesion, the experience of
the endoscopist, and technical equipment of the clinic. At the
same time, not only implementing primary hemostasis, but
also, most importantly, preventing the resumption of bleeding
is crucial in the endoscopic treatment of GIB.(21-23)
Injection therapy
Injection EH is the most common method of stopping
UGIB and requires only an endoscopic injector and a solution
for injecting the source of hemorrhage, which determines
the simplicity, accessibility, and cheapness of using this
method of hemostasis. When using drugs for the purpose of
injection hemostasis, it is necessary that the drug meet certain
requirements: low absorption rate, no locally damaging effect
on tissue, availability, and low cost of the drug. Most often, a
solution of epinephrine in dilution 1:10000/1:20000, 5% solution
of aminocaproic acid, 1% solution of hydrogen peroxide, 5%
ascorbic acid, ethanolamine, thrombin, sodium tetradecyl
sulfate, etc. are used as a hemostatic agent for injection therapy.
The mechanism of action of injection therapy consists in
compressing the source of bleeding by infiltrate created during
paravasal administration of the medicinal solution, as well as by
pharmacological mechanisms of action of the injected drugs.(24)
Most often, in clinical practice, pricking the source of
bleeding with epinephrine in a dilution of 1:10000 or 1:20000
is used. Injection therapy with epinephrine leads to bleeding
stoppage due to infiltrative compression of the eroded vessel,
spasm of the eroded vessels, and stimulation of platelet
aggregation at the bleeding site. The injection is made into the
submucosa and/or directly into the base of the ulcer in four
zones around the eroded vessel in an amount of 0.5 ml to 2
ml of epinephrine solution (1:10000). At the same time, it is
important to retreat from the border of the bleeding vessel at
least 3 mm. The disadvantages of this method include: within
a short period of time, the infiltrate created by the injection
resolves, vasospasm is stopped, which leads to the development
of a recurrence of hemorrhage. In this regard, this method of
EH in the form of monotherapy is not recommended.(25,26)
In recent years, solutions of sclerosants have been
actively used for EH: 96% ethanol, ethanolamine, sodium
tetradecyl sulfate, polydicanol, etc. The mechanism of action
of sclerosants consists in the dehydration and fixation of the
wall of the damaged vessel to the surrounding tissues, which
leads to the destruction of the endothelial cells of the vessel
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and the formation of a dense thrombus. At the same time,
the use of sclerosants has a number of significant drawbacks:
firstly, the administration of the drug in small doses is often
insufficient, and secondly, hemostasis is achieved due to
vascular thrombosis, tissue necrosis and inflammation at the
injection site, which can lead to perforation of the organ wall
(1-3% of cases). These drugs should be used with caution
in small quantities due to the fear of developing deep tissue
necrosis.(27,28)
Another class of injectable agents is tissue adhesives,
which include thrombin, fibrin, and cyanoacrylate adhesives
that clog the site of hemorrhage. Fibrin glue consists of two
components: human fibrinogen with coagulation factor XIII
and an activator solution containing human thrombin, which
are in two separate syringes. During hemostasis, these two
components are mixed by agents, which leads to the formation
of a clot, thereby simulating the final phase of the physiological
cascade of blood clotting. Fibrin glue is commercially used
in Europe for EH in bleeding ulcers and varicose veins. It
should be noted that the procedure for hemostasis is quite
complicated and requires some experience. In some cases, if
the glue technology is used incorrectly, glue polymerization is
possible in the lumen of the injector or in the working channels
of the endoscope, which can lead to damage to endoscopic
equipment and failure in hemostasis of UGIB.(29)
A promising method is injectable hemostasis by
pricking a bleeding ulcer defect with platelet-rich autoplasm
(PRP) of the patient. PRP is obtained immediately before
the procedure by centrifugation of the patient’s blood.
Introducing PRP into the submucosal layer of the periulcer
zone for a long time creates compression by infiltration of
tissues due to edema, which leads to persistent hemostasis
and prevents the development of relapses. In addition, PRP
contains autogenic “growth factors” that stimulate intensive
recovery of the affected area of the mucous and submucosal
layers of the stomach and duodenum. PRP is injected in a
volume of 2 ml endoscopically into the submucosal layer of
the periulcer zone. The method provides stable hemostasis
and significantly reduces the number of relapses, which
contributes to improving the quality of life of patients and
reducing treatment costs. However, this method is also not
without drawbacks: the preparation of PRP requires a certain
amount of time, which is not always possible in patients in
critical condition; to obtain PRP requires specialized systems
that are not always available in clinical practice. In addition,
there are no randomized controlled clinical trials showing the
effectiveness of this method of EH.(30,31)
It should be noted that none of the types of solutions for
endoscopic injection hemostasis has significant pronounced
advantages and cannot be used as the “gold standard” of
endoscopic treatment.
Thermal therapy
Thermal therapy methods of EH are widely used in
clinical practice. The mechanism of action of these methods
of hemostasis consists of the use of thermal energy in
order to coagulate eroded vessels and stop bleeding. Laser
photocoagulation, diathermocoagulation, radiofrequency
ablation, and APC have become the most widespread.(32)
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One of the methods of thermal therapy of UGIB is laser
photocoagulation. As a method of EH, laser coagulation uses
laser radiation in order to create coagulation necrosis in the
area of the source of GIB. High-power lasers of more than
10 watts are used. The effectiveness of laser photocoagulation
in UGID is observed in 80%-90% of cases; the frequency of
relapses after successful coagulation is high, reaching 28%.
The advantage of laser coagulation is contactless, but this
method has technical limitations. Thus, with continued jet
bleeding, the blood coming from the eroded vessel scatters the
laser beam, thereby weakening the coagulating effect. In the
presence of a clot on the surface of the ulcerative defect, it is
also impossible to provide laser hemostasis. To stop bleeding
with continued bleeding, it is necessary to increase the
radiation power and exposure time, which, in turn, increases
the risk of perforation. The way out of this problem was the
use of contact laser coagulation, but at the same time, the main
advantage of this method is lost – it’s non-contact. The high
cost of using laser photocoagulation, in the presence of other
disadvantages of this method, limits the possibility of its use
in clinical practice.(33-37)
The most common method of EH is diathermocoagulation.
There are several ways to use it: unipolar or bipolar
electrocoagulation, multipolar diathermocoagulation, and
liquid diathermocoagulation. In bipolar diathermocoagulation,
hemostasis is achieved by the formation of coagulation
necrosis between two located electrodes when an electrical
circuit is closed. During coagulation, a blood clot forms in the
vessel, both directly at the site of coagulation and throughout,
due to the spread of the zone of coagulation necrosis. When
using monopolar coagulation, tissue damage is more extensive
and deep than when using the bipolar method. In this regard,
it is advisable to use bipolar diathermocoagulation with
bleeding from small vessels, and with bleeding from larger
vessels, the monopolar method is preferred. Despite the
many advantages of diathermocoagulation, this method is not
without drawbacks. One of the most formidable complications
when using it is deep necrosis of the organ wall, which can
lead to perforation.
The method of diathermocoagulation is a contact
method, and when the electrocautery is withdrawn, bleeding
may resume due to the separation of the formed thrombus.(38,39)
The solution to the main drawback of the
electrocoagulation method in the form of sticking the
electrode to the source of bleeding was a method of
“liquid” diathermocoagulation, developed by the staff of the
Department of Faculty Surgery of the Voronezh N.N. Burdenko
State Medical University. Coagulation of the bleeding source
when using “liquid” diathermocoagulation occurs through an
electrolyte, which makes it possible to coagulate the bleeding
vessel directly without subsequent separation of the electrode
from the coagulation scab. In addition, this method is more
gentle and causes less damage to surrounding tissues than
traditional electrocoagulation.(40,41)
An alternative to the electrocoagulation method is
heater probe thermocoagulation, which consists in cauterizing
the source of bleeding with a heated aluminum cylinder-probe
coated with Teflon.
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Closing the electrical circuit leads to the aluminum
cylinder heating to 150 degrees. With the help of a red-hot tip,
the source of bleeding is cauterized, resulting in coagulation
hemostasis. The use of Teflon as a sprayer reduces the possibility
of tissue burning to the probe and increases the effectiveness
of this method. However, this method is also a contact method,
and the possibility remains that the coagulation scab will be
separated during its application. In addition, local exposure to
high temperature leads to deep destructive processes forming
in the area surrounding the source of bleeding tissues, which
worsens the reparative processes in the area of ulcerative
defect and is a prerequisite for the development of repeated
bleeding.(42-44)
Argon-plasma coagulation (APC) is an effective noncontact method of EH. It is based on the application of highfrequency electric current in the flow of ionized argon. The
absolute advantage of this method is that it is a non-contact
mode since the impact is made at a distance of 2mm to 10mm
from the source of hemorrhage, and when removing the
electrode, there is no threat of clot separation. In addition, the
coagulation depth does not exceed 3 mm, which avoids the
possibility of perforation of the organ wall. The disadvantage
of APC is the high cost of the equipment, which limits the
possibilities of its use. The effectiveness of primary EH
when using APC reaches 95%-98%, but the occurrence of
hemorrhagic relapses, even after a successful primary stop of
bleeding, reaches 12.5%-15% of cases, which may be due to
the effect of coagulation on the source of bleeding, as well
as the lack of protection of the coagulation scab from the
aggressive environment of gastric juice.(45-48)
The method of radiofrequency ablation, based on the
effect of radio waves, has become widespread. When using
radiofrequency ablation, radiofrequency evaporation of tissues
occurs by forming a surface layer of necrosis. With this method,
the electrode remains cold all the time and does not cause
burns to the surrounding tissues. The effect of coagulation is
also associated with vasoconstriction and evaporation of an
intercellular fluid, which leads to additional spasms of the eroded
vessels. The advantage of radiofrequency ablation is its safety
and low risk of perforating the organ wall. Radiofrequency
ablation allows for primary EH in 95%-97% of cases, but the
recurrence rate remains high (10%-13% of cases), which is
explained by disadvantages similar to APC.(49,50)
Mechanical therapy
One of the effective methods of EH in UGIB is clipping,
which consists in squeezing the source of bleeding with the
endoscopic hemoclips (endoclips). Hemoclips can be used
for active bleeding of Forrest IA-IB, in the presence of
thrombosed vessels of the Forrest IIA ulcerative defect area,
as well as for closing perforations and fistulas. They were first
introduced into clinical practice in Japan, and later their use
expanded after certain technical improvements. Currently, the
use of endoclips is considered a safe and effective method of
EH - an alternative to surgical treatment of patients.(51,52)
The mechanism of hemostasis with the use of endoclips
is similar to the mechanism of surgical stitching of a bleeding
vessel. The clip is carried out through the instrumental
channel of the endoscope and fixed with a clip on the base of

the vessel, while achieving a reliable stoppage of bleeding.
There is a direct clipping – when the clip is applied directly
to the base of the bleeding vessel; and indirect – the capture
of the vessel together with the tissues surrounding the source
of bleeding. Endoscopic clips directly squeeze the source of
bleeding without causing tissue damage. The available clips
differ in several functions (opening and closing, turning the
clip, disposable or not) with a total minimum channel size
(2.8mm). Their jaw length varies from 9mm to 11mm, which
makes them ideal for defects from 10mm to 15mm. The
advantage of clipping is its effectiveness in stopping bleeding
from large eroded vessels, and its effectiveness in patients
with severe hypocoagulation. Currently, a large number of
devices for endoscopic clipping with different hole diameters,
ease of rotation, and the possibility of re-opening have been
developed. However, the disadvantages of this method of EH
include technical complexity, which requires high training of
endoscopists. Hemoclips are difficult to use in hard-to-reach
areas, such as the small curvature of the stomach, the cardia
and the posterior wall of the duodenum. With large and callous
ulcers, in which the defect tissues are dense and rigid, the
imposition often fails to completely compress the source of
bleeding when clips are applied, which can lead to insufficient
hemostasis or repeated bleeding. It should be noted that even
after successful endoclipping, bleeding relapses occur in
1.8%-37% of cases.(53,54)
A modern variant of endoscopic clips is the “overthe-scope-clip” (OTSC) system. Due to their design, size,
and high compression force, the OTSC system can be much
better fixed in chronic callous ulcerative defects. The OTSC
system is effective in 84.9% of cases, and is also effective
in the difficult localization of ulcers in the posterior wall of
the duodenum. These results show that the OTSC system is a
possible method of choice for patients who are at high risk for
an operation.(55-57)
Topical therapy
The topical therapy method of EH is one of the earliest
in therapeutic endoscopy. For application to the surface of
a bleeding ulcer, vasoconstrictive and hemostatic drugs are
used: Thrombin, Firrogen, Caprofer, Amifer, Feracril, Fibrin,
medical adhesives, etc. However, adhesive compositions have
water-repellent properties; the rejection of the polymer film
from the bleeding defect occurs within a few hours to one day,
so the time of its therapeutic effect is sharply limited. At the
same time, it should be noted that film-forming polymers do
not have local hemostatic properties, and implementing the
therapeutic procedure itself has certain difficulties.(58-60)
The advantages of using the topical therapy method are
ease of use, easier access to complex anatomical zones of the
gastroduodenal region, not necessarily accurate targeting of
the source of hemorrhage, the possibility of covering large
bleeding eroded surfaces with decaying tumors of the digestive
tract. At the same time, the effectiveness of the application of
EH methods to stop ongoing ulcerative bleeding is considered
low. However, the possibility of protecting the ulcerative
defect from aggressive factors of gastric and duodenal
contents allows this method to be widely used in order to
prevent recurrence of bleeding.(61-63)
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In recent years, an increasing number of publications
have appeared in the literature on the use of modern powdered
hemostatic systems TC-325 (Hemospray; Cook Medical Inc.,
Winston-Salem, NC, USA), EndoClot (EndoClot Plus Inc.,
Santa Clara, CA, USA) for EH of GIB. The use of powdered
hemostatic systems shows promising results in the treatment
of patients with UGIB.(64)
Hemospray (TC-325) is a granular, inorganic, natural,
mineral absorbent powder made from a material known as
bentonite clay (aluminum phyllosilicate). TC-325 has high
biocompatibility, is even edible, does not contain organic
substances, and has strong absorbent properties. The drug
is applied to the source of gastroduodenal bleeding in
powder form using a device powered by CO2 cartridges
under pressure. The mechanism of action is based on the
absorption of water from the surrounding tissues by TC-325
powder, which becomes an adhesive aggregate that creates a
mechanical barrier over the bleeding site. After application,
Hemospray naturally exfoliates from the surface of the
source of hemorrhage and is removed within 1 to 3 days after
insufflation. The effectiveness of Hemospray with continued
bleeding reaches from 75% to 95%, while the recurrence rate
of hemorrhage reaches 8.8% to 22.8%.(65,66)
Another biocompatible hemostatic powder system for
flexible endoscopy is EndoClot. EndoClot is a powdered
polysaccharide hemostatic system, the chemical substrate of
which is dextran, obtained from starch, which manufacturers
call “absorbable modified polymers.” EndoClot has been
specially developed as a powdered hemostatic agent for the
treatment of GIB. The mechanism of hemostasis when using
EndoClot is based on the chemical properties of dextran,
the ability to adsorb blood, thereby concentrating clotting
factors and cellular elements on the surface of the granules,
which accelerates the clotting process. A comparative study
conducted by Vitali et al.(67) showed that Hemospray and
Endoclot powders are equally effective as local hemostatics
in the treatment of GIB, without differences in short-term or
long-term success and repeated bleeding.
The use of powdered hemostatic systems is not possible
with spurting hemorrhage FIA, since these hemostatic agents
are washed off by a stream of blood and cannot attach to the
source of hemorrhage. Clinical studies have shown that the
use of these drugs is possible as an intermediate option for
temporary hemostasis, since they are safe and effective, but
have a temporary effect. It should be noted that sufficient
experience has not yet been accumulated in the clinical use
of the hemostatic systems Hemospray and EndoClot, which
would require larger-scale, randomized controlled clinical
trials to determine the effectiveness of their use in clinical
practice.(68,69)
The Voronezh City Specialized Center for the Treatment
of Patients with GIB has been using powdered granular
sorbents (Aseptisorb, Aseptisorb-A, Aseptisorb-D, Sefadex,
etc.) for the endoscopic treatment of UGIB for 30 years. The
founder of sorption-insufflation therapy of GIB is professor
EF Cherednikov.(70-72)
According to scientists in this field, the mechanism of
hemostatic action of granular sorbents consists of sorption,
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absorption, and concentration of platelet and coagulation
factors on the surface of sorbent granules. Granular sorbents
are chemically neutral compounds that can be used without
causing damage to the mucous membrane of the digestive
tract. Having a high adhesive activity, granular sorbents are
retained in the area of bleeding defects for 3-5 days, after
which they are naturally removed from the digestive tract.
The application of the sorbent promotes cytoprotective
protection of the source of hemorrhage from the aggressive
effects of gastric and duodenal contents, creating conditions
for the healing of gastroduodenal ulcers. A number of sorbents
are endowed with additional pharmacological properties –
antiseptic, analgesic, proteolytic, etc.– which expands the
indications and effectiveness of their use. However, the use
of granular sorbents in the form of monotherapy can lead
to repeated bleeding, which the authors attribute to their
insufficient hemostatic activity.(73-75)
The improvement of the sorption-insufflation direction
of endoscopic treatment of GIB was the combined use of
granular sorbents with local hemostatics. In an experimental
clinical study conducted on 15 laboratory animals and 115
patients with bleeding from gastroduodenal ulcers, a team
of scientists from Voronezh N.N. Burdenko State University
showed the effectiveness of granular sorbent Aseptisorb-D in
combination with powdered hemostatic in treating ulcerative
UGIB, which allowed for final hemostasis in 94.9% of cases,
with a recurrence rate of 5.1%.(76-78)
S.V.Barannikov and co-authors used combined
endoscopic insufflation of granular sorbent Aseptisorb-A in
combination with PRP of patients in an experimental clinical
study with a morphological examination of the processes of
reparative regeneration of gastroduodenal ulcers. It has been
shown that the use of the developed technology based on
sorption cytoprotection of ulcerative defects in combination
with the use of biologically active hemostatic PRP containing
autogenic growth factors contributes to the achievement of
final hemostasis in 96.5% of cases, reduces the frequency of
resumption of bleeding to 3.5%, while reducing the time and
improving the quality of healing of gastroduodenal ulcers.(79-81)
Combined EH
To increase the reliability of EH in ulcerative UGIB,
a combination of several methods of stopping bleeding
that complement each other is used. This method is
called combined EH. The most commonly used injection
therapy is used in combination with thermal therapy (APC,
diathermocoagulation,
laser
photocoagulation,
etc.).
Combination therapy (dual therapy), that is, infiltration in
combination with coagulation of the bleeding source, or
mechanical compression using hemoclips, remains the optimal
endoscopic therapy recommended in the main international
clinical guidelines for the treatment of GIB patients.(82,83)
The Cochrane review in 2014 evaluated the results of
19 randomized clinical trials involving 2033 patients and
concluded that the use of dual endoscopic therapy significantly
reduces the risk of bleeding recurrence and the need for
emergency surgical treatment, compared with monotherapy
with epinephrine injection therapy. The mortality of patients
with gastric bleeding was also lower in the group of combined
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EH; the results were not statistically significant. Similar
results have been demonstrated in some other meta-analyses.
Thus, scientists came to the conclusion that injection therapy
with epinephrine should not be used as monotherapy, but only
in combination with other methods of EH.(84-86)
The modern technology of combined EH of ulcerative
GIB is the use of triple endoscopic therapy in the complex
treatment of unstable-stopped gastroduodenal bleeding.
Scientists of the Voronezh N.N. Burdenko State Medical
University in randomized clinical trials applied an individual
approach with combined methods of emergency and
preventive EH, including first stopping bleeding by injection
therapy with ε-aminocaproic acid, followed by APC and
insufflation on the source of hemorrhage of granular sorbents
(Aseptisorb-D, Aseptisorb-A) in combination with hemostatic
agents Zhelplastan and PRP. The application of the developed
technologies made it possible to ensure effective hemostasis
of ongoing bleeding (FIA-FIB) in 95.2% of cases, to increase
the reliability of preventing recurrence of hemorrhage (FIIAFIIB) to 95.5%, with a total frequency of recurrence bleeding
of 4.5% and activity involving operations of 1.5%.(87)
Promising technologies of EH
Some authors consider three important areas to be
the latest achievement in the issues of EH of GIB: the use
of Doppler scanning, modern large clips, and powdered
hemostatic systems.(88)
Recently, there has been an increase in the interest
of scientists in using the capabilities of ultrasound Doppler
scanning in the issues of EH of GIB, which is due to the
technological development of diagnostic equipment and
increased availability of the Doppler probe in flexible
endoscopy. The assessment of the source of UGIB using a
Doppler probe is more accurate than the classical endoscopic
assessment by Forrest, when predicting the risk of recurrence
of bleeding, which can improve the quality of treatment
of patients with GIB. The Doppler assessment allows
establishment of the features of the blood supply to the
source of gastroduodenal bleeding and to establish the rate of
Doppler-positive arterial flow, which is an important predictor
of the development of recurrent hemorrhage and determines
the tactical tasks of EH. So, an interesting circumstance is that
with the type of bleeding FIIC, which classically has a low
risk of recurrence of hemorrhage, in 40.5% of cases, there
is a positive arterial Doppler signal, which indicates a high
risk of recurrence of hemorrhage and requires endoscopic
intervention. The frequency of the positive Doppler signal
in the FIA type is 100%, in FIB - 46.7%, FIIA - 90.7%,
FIIB - 68.4%, and FIII - 8.3%, which must be taken into
account in clinical practice. Repeated Doppler evaluation
after primary EH also has prognostic value: maintaining a
constant arterial flow in the area of the source of hemorrhage
is associated with an increased risk of repeated bleeding. The
Doppler scanning technique in GIB endoscopy looks very
promising. The use of a Doppler probe makes it possible
to more accurately determine the risk of repeated bleeding,
facilitates the tracking of artery feeders, and allows evaluating
the effectiveness of EH. The importance of Doppler scanning
in modern therapeutic endoscopy requires further research and

evaluation, but, apparently, this method has some advantages
in certain clinical situations.(89-91)
In Japan, in 2012, a technique for hemostasis of UGIB
by endoscopic hand suturing (EHS) was developed. In this
technique, a bleeding defect is sutured with a continuous
suture similar to the surgical stitching of a bleeding vessel.
The rigid absorbable suture material is used, which excludes
the spontaneous formation of nodes. Using a special flexible
endoscopic needle holder (Olympus Co., Ltd., Tokyo, Japan),
the endoscopist can securely grip and smoothly rotate the
needle. The EHS technique was successfully carried out in
experimental studies in vivo on a model of bleeding stomach
defects in pigs and in 30 patients with bleeding defects of the
gastroduodenal zone. The use of the EHS technique in 97%
of cases showed positive results, hemostasis was reliable and
final, there was no resumption of bleeding, regardless of the
state of the blood clotting system. The EHS duration is 50
minutes with 8.0 stitches.(92)
An alternative to the EHS technique is the Overstitch™
technology (Apollo Endosurgery, Inc., Austin, Texas, USA).
The Overstitch™ stitching system is designed to close the hole
created for transluminal intervention (transgastric endoscopic
appendectomy, transvaginal endoscopic cholecystectomy). In
the 2010s, the use of the Overstitch™ system decreased due
to the decline in the popularity of transluminal interventions,
but Overstitch™ began to be used for intraluminal stitching
of gastrointestinal tract tissues. Endoscopic suturing of the
defects of the mucous membrane of the gastroduodenal region
is useful for stopping GIB. Overstitch™ seems promising
in the field of therapeutic endoscopy, since it is easy to use,
requires a short suturing time (13 minutes per 1.6 stitches),
and provides reliable, long-lasting closure of the defect for
the entire wall thickness of the hollow organ. However, it is
expensive and inaccessible in some parts of the world.(93)
It is expected that the development of endoscopic
stitching techniques for bleeding defects will reduce the risk
of bleeding recurrence in patients with high risk of needing an
operation. Further studies of the use of EHS and Overstitch™
in hemostasis of GIB and the expansion of indications for the
use of these methods are needed.

Conclusion
Thus, to date, there is no single universal method for
arresting ulcerative gastroduodenal bleeding endoscopically.
In this regard, the development of new, and the improvement
of already used, methods of EH is an urgent task of modern
emergency surgery.
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Abstract
The International Association for the Study of Pain (IASP) defined neuropathic pain as “pain arising as a direct consequence
of a lesion or disease affecting the somatosensory system.” The origin of neuropathic pain (NP) could be from the brain, spinal
cord, or peripheral nerves. NP represents a major neurological problem, with a prevalence of 1%-2% of the total population. It is
disabling, rendering an urgent need for non-addictive, effective new therapies, and is characterized by resistance to treatment and
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P

ain is considered one of the most common reasons
for patients to seek medical care. The attempt
to understand pain represents one of the oldest challenges
in the history of medicine.(1) Although research into the
imaging of chronic neuropathic pain (NP) is promising,
actual implementation remains a challenge. The International
Association for the Study of Pain (IASP) defined neuropathic
pain as “pain arising as a direct consequence of a lesion or
disease affecting the somatosensory system.”(2,3) The origin
of NP could be from the brain, spinal cord, or peripheral
nerves.(4) NP represents a major neurological problem,(5,6)
with a prevalence of 1%-2% of the total population.(7,8) NP
is less common than nociceptive pain; however, it is usually
more severe and accompanied by emotional reactions.(9) NP is
disabling, rendering an urgent need for non-addictive, effective
new therapies.(4,5) NP is characterized by resistance to treatment
and poor patient satisfaction.(10,11) Patient collaboration is
*Corresponding Author: Dr. Mohamed A. Bedewi, MD,
PhD. Associate Professor of Radiology. College of medicine; Prince
Sattam bin Abdulaziz University. Al-Kharj; Saudi Arabia. E-mail:
mohamedbedewi@yahoo.com

needed to establish a proper history and physical examination.
Several factors influence patients’ experience of pain; some
of them are emotional, others are educational. Because of
this, objective tools are now demanded. Management of NP
is often challenging and requires a multifaceted approach.
Over the last two decades, several studies have been devoted
to NP. Identifying the anatomical location of the pain is a
must for definitive diagnosis, which is something that current
neurophysiological tools can do so.(12-24) Understanding the
pathophysiological mechanisms responsible for translating
sensory signs into NP can lead to an effective and treatmentbased approach.(17) Sensitization of the nociceptive pathways
includes adaptive structural changes, molecular signaling,
and cell-cell interactions. The main classes of therapeutics
include sodium channels, calcium channels, and descending
modulatory inhibitory pathways.(18) Currently, NP is believed to
be caused by a change in the sensitivity of central and peripheral
nervous system signaling. The central mechanism includes
processing and integration of information in brain centers like
the brainstem, cerebellum, and cerebral cortex. These centers
are related to chronic pain and associated signs and symptoms.
Peripheral mechanisms include sensitization of nociceptors,
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changes in ion channel expression, sympathetic neurons
related to dorsal root ganglia, pseudo synaptic conduction,
and ectopic and spontaneous discharges.(9) The pain matrix in
the brain includes somatosensory cortices, anterior cingulate
cortex, and insula. These centers undergo maladaptive
changes like microglial activation, synaptic plasticity, and
central sensitization resulting in 
hyperalgesia.(1) Advanced
studies of this pain matrix could help in understanding the
pathophysiological basis of different symptoms of NP.(19)
Imaging
Recent advances in machine learning have improved the
understanding of NP, utilizing a larger scale of data related
to neuroimaging. In cases of NP, it is sometimes difficult to
determine if the degenerative or inflammatory changes seen
on imaging are part of the aging process or part of the disease
process causing the patients’ symptoms. Degenerative changes
can be seen in more than 60% of asymptomatic patients. Some
abnormalities can also be seen in asymptomatic volunteers.
The frequency of these abnormalities increases with age and
is somewhat irrelevant to the patients’ clinical condition. The
presence of multiple abnormalities at the same time makes it
difficult to determine which of them is the source of pain. Since
treatment decisions are guided by imaging, the low specificity
of radiological diagnosis leads to ineffective, delayed, or even
inappropriate treatment.(1) The radiological diagnosis of NP
remains challenging since findings seen on conventional CT
and MRI imaging, with their low specificity and sensitivity,
don’t always match the clinical picture.(25) Challenges for
peripheral nerve imaging include the complex nature of
human pain and the subjective component. Combining the
high sensitivity and specificity of molecular imaging (MI)
with high contrast resolution of MRI and CT would improve
the diagnosis of NP and produce better outcomes of guided
therapy.(1) For some time, NP has lacked a suitable imaging
modality, which has limited concomitant research on the
pathogenesis and considerably affected the treatment of NP.(26)
In the past, the role of imaging was limited to identifying
anatomical sites that could be responsible for pain generation.
Methods related to ion channels could involve toxic effects.(25)
Molecular imaging
One of the imaging options for NP is MI. An important
feature of MI is the ability to identify abnormal biological
processes despite virtually normal anatomical appearance.
It takes advantage of inflammatory mediators and receptors
involved in the pathogenesis of pain. New innovations of
MI could also help in the development of unique aspects of
treatment options. Identifying a single molecular pathway is
difficult because of the complex nature of the biochemical
routes for NP. Several factors limit the use of MI. A single
marker cannot be used for all types of pain. Another problem
with MI is technical limitations like volume averaging and
patient motion artifact.(1) 18F-fluorodeoxyglucose could be used
in PET imaging as a marker, but the background activity could
overshadow the area of interest, which could be sought as the
source of pain. This could be decreased by combining CT with
PET. The use of PET/MRI could even yield better results with
excellent soft-tissue contrast resolution. One of the problems
related to pain imaging is the subjective nature of pain, which

could differ from patient to patient. Whole-body imaging was
suggested to study both the peripheral and central nervous
systems. This could be accomplished by biomarkers, which
could estimate areas of increased activity, including both
systems. NP could be thought of as pain resulting from the
interaction between the peripheral immune system, neurons,
and different types of glial cells (e.g., astrocytes, microglia,
satellite cells). A nociceptive nerve can be excited by different
types of mediators; some of them are neuroimmune, others
are inflammatory, in addition to interaction with macrophages
and ion channel dysregulation. Inflammatory mediators like
prostaglandin E2, bradykinin, and chemokines are released at
the site of tissue damage, activating inflammatory cells and the
ends of peripheral neurons. These mediators interact with cell
receptors, ending with intracellular kinase activation, which
phosphorylate target proteins, changing activation thresholds
and producing increased synaptic transmission efficiency
between afferent neurons and dorsal horn neurons, resulting
in pain. The current imaging tools to study nociceptive
activity include functional, cellular-based, and molecular
approaches detecting metabolic and mediator-related changes
related to abnormal physiologic activity in the nervous system
and allowing targeted therapy.(1) Macrophages have been
found to be intimately related to the sites of nerve injury
and inflammation, enhancing pain. Knowing the location
of macrophage activity is easy because these cells express
translocator proteins in pathologic activity. Radioligands to
translocator proteins can define areas of macrophage activity.
The sigma-1receptor is a transmembrane protein concentrated
in macrophages and Schwann cells, which are involved in
neural damage as well as neural inflammation and repair. In the
case of active nerve inflammation, there is increased density
of sigma-1receptor, which can be detected by radiolabeled
ligands and can identify the site of neural damage in different
conditions like regional pain syndrome, and inflammatory and
non-inflammatory causes of NP.(1)
Other tracers
Cyclooxygenase (COX)-2 is the dominant source of
prostaglandins, which mediate pain and inflammation. COX-2
converts arachidonic acid into prostaglandin H2, the precursor
of all prostanoids. The role of COX-2 in the inflammatory
process was enhanced after the success of COX-2 inhibitors
in treating chronic pain. Radiolabeled COX-2 inhibitors
could be used to image chronic pain.(27) Sodium and calcium
channels show increased flux across the membrane in cases
of NP with a change in the action potential of the excitation
threshold, leading to the persistent firing of nerves. Manganese
physiologically follows calcium, and in exciting cells, the rate
of efflux of both of them is slow, resulting in the accumulation
of manganese in the cell. This could enhance imaging through
manganese-enhanced MRI and could act as an alternative for
estimating calcium fluxes in nerve cells using manganese as
a T1-shortening contrast agent.(28) In chronic pain syndromes,
neuron cells utilize a considerable amount of metabolic
activity, which makes them glucose avid with the associated
increase in the uptake of glucose. FDG mimics glucose and
could be entrapped inside cells during the glycolytic cycle.
The combination of 18F-FDG PET with MRI could help
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imaging and localization of neural metabolism. It is proposed
that identification of the sites of increased metabolic activity
of the neural tissues on imaging could be a useful strategy
for tracing NP generators.(1) MMP-12- targeted magnetic
iron oxide nanoparticle (IONP) was introduced as a potential
biomarker for the management and diagnosis. The use of IONP
MRI enhances the spin-spin relaxation time of related water
protons, thus decreasing the T2 signal. IONP detects enzyme
activity when conjugated to peptide sequences; when this
sequence is cleaved by the target enzyme, the released IONP
is taken up by surrounding tissues. MMPs are responsible for
extracellular matrix degradation; they are a member of the
family of calcium-dependent zinc endopeptidase. They could
be targets for IONP-based MRI.(24)
MRI
For more than 20 years, MRI was used as a noninvasive
imaging tool to diagnose neural disease and injuries. MRI
is considered a promising imaging diagnostic tool due to
its multiplanar capability and high contrast resolution.(24)
MR neurography was introduced in the 1990s to describe
the use of fat-suppressed pulse sequences and diffusionweighted imaging to discriminate peripheral nerves from the
surrounding tissues.(29) Commonly, peripheral nerves cannot
be distinguished from surrounding tissues in T2-weighted
images. As T2 relaxation time is prolonged, injured nerves
appear either isointense or slightly hyperintense (bright) on
T2-W1. Although these changes are clear, however, they
are nonspecific, as chronically degenerating nerves cannot
be differentiated from regenerating ones. Contrast agents
manganese, like gadolinium, proved to be nonspecific.(24)
The diagnosis of the cause of NP depends on identifying the
main pathology in addition to the anatomical location. MRI
abnormalities are found in a high percentage of asymptomatic
patients. Besides, the prevalence of anatomical abnormalities
in symptomatic and asymptomatic patients is similar. Because
of this, a demand for a more accurate imaging modality is
raised. (13,14,30-32)
Functional MRI
In the last two decades, the perception and transmission
of pain in the brain were studied by functional MRI (fMRI).
This type of MRI can be divided into structural and functional
imaging. Structural imaging studies the anatomy of the brain and
fiber connection between brain regions. The main techniques
are conventional imaging, voxel-based morphometry (VBM),
and diffuse tensor imaging (DTI).(26) VBM provides regions
of interest for changes in brain function. DTI can analyze
functional connectivity on an anatomical basis. fMRI studies
brain functional activities via monitoring alterations in
cerebral blood flow. There are two main subcategories for
fMRI. The first and most widely available is called the blood
oxygenation level-dependent (BOLD) technique. It reflects
variations in the deoxyhemoglobin content and changes in
the local cerebral blood flow.(26) To obtain normal neuron
function, a stable level of oxygen supplied by hemoglobin
is needed. In the magnetic field, deoxyhemoglobin exhibits
paramagnetism while oxyhemoglobin exhibits diamagnetism.
The difference in susceptibility between both types can be
obtained by BOLD fMRI.(33) Upon neuron excitation, oxygen
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consumption increases with a concomitant decrease in blood
oxygen content. This will be associated with a downward
initial tilt angle of the BOLD signal. When blood flow
increases, there will be a compensatory-associated increase
in the oxygen level, and this will let the BOLD signal go up
again. When neuron excitation stops and the need for oxygen
is decreased, a negative signal will be recorded on BOLD and
will eventually return to normal. Two types of fMRI exist;
the first is task-state fMRI, which is the traditional way to
study the activation of brain regions in NP. Task-state fMRI
is a suitable tool for studying allodynia, where non-noxious
stimuli can cause pain, causing misreading of somatosensory
information. In allodynia, task-state studies BOLD activation/
deactivation in the functionally related areas of the brain and
can reveal functional connectivity of different brain regions by
comparing the states of the pain stimulation of the ipsilateral
part of the body to the contralateral part.(34) The second type
is resting-state fMRI, which emerged in the past ten years as
an alternative way to recognize regions of neuronal activity
by estimating the functional connectivity in the brain. This
type collects data in the relaxing state, with the exclusion
of external stimuli. The obtained information reflects the
baseline activities of the central nervous system in the resting
state, which could use more than fifty percent of the total
energy of the cerebrum with a spatial pattern called the resting
brain functional network, which is based on the functional
integration of several brain areas. This pattern is influenced by
NP, and advances in understanding its influence could improve
the management of NP.(35) Berger et al.(36) showed that restingstate fMRI proved the association of the components of the
limbic system—amygdala, striatum, hippocampus, medial
prefrontal cortex—with NP. Functional connectivity is a good
estimate of signal correlations of activation of brain voxels.
Changes in the activation-resting state could reveal a specific
pattern for NP.(26)
VBM
VBM analyzes MR images at the voxel level. VBM
accurately displays morphological changes of the brain through
quantitative calculation of the volume and density changes in
local gray and white matter. In NP, there is variation in the
density of gray matter and change in the plasticity of the brain
cortex. VBM can help estimate the length of disease and pain
intensity in NP.(37) For example, it was found that in patients
with postherpetic neuralgia, there was increased volume in the
gray matter of the temporal lobe and cerebellum. In contrast,
the parietal lobe, frontal lobe, and occipital lobes showed a
reduction in their volume. (38)
DTI
DTI is based on estimating the direction of water
diffusion. This is achieved by considering that diffusion of
water is more restricted across axonal membranes than the
long axis. Significant anatomical changes have been detected
with DTI in different brain regions in patients with NP.(32)
There is a current solid scientific belief that the human brain
is composed of a complex and efficient network.(26) The
white matter fiber bundle is responsible for the connection
of the nodes of the network for transforming information in
the brain. Damage to these bundles will affect information
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transmission and cause pain/disease manifestations. DTI is the
ideal noninvasive imaging tool for tracking white matter fiber
bundles, thus reflecting the dispersion characteristics of water
in white matter fibers and revealing the connection state of the
brain network.(26)
fMRI in NP types
Primary trigeminal neuralgia occurs as a result of
neurovascular compression. This can be studied by DTI,
3D TOF-MRA, and 3D FIESTA sequences, which show
the anatomical relationship between arteries, veins, and
nerves.(39,40) Task-state fMRI helped in studying cortical
remodeling found in patients with phantom pain after
amputation.(41) In diabetic peripheral neuropathy, functionalweakened connections were found between the medial dorsal
nucleus, ventral posterior nucleus, and cerebral cortex.(42) In
fibromyalgia, a weakened connection was found between the
insula and thalamus.(43) Also, in patients with postherpetic
neuralgia, there is a change in the microstructure integrity of
the white matter in several brain regions.(44) Thus, advanced
fMRI with the help of machine learning techniques could be
used as imaging markers to diagnose NP.  
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Abstract
Background: Liver iron overload is a common diagnosis in patients with frequent blood transfusions. MRI is a promising
non-invasive method for assessing liver iron concentration. We have created an MR-compatible phantom to develop a method
for the standardization of T2* mapping and following conversion of T2* values (ms) into iron concentration (mg/mL) for an
assessment of overload grade.
Methods and Results: The standardization process involved the development of an MR-compatible phantom with solutions
of paramagnetic iron oxide nanoparticles of various concentrations mimicking various degrees of liver iron overload. Using this
phantom, we assessed the repeatability of T2* values obtained on reference MRI scanners (3T and 1.5T) at the D. Rogachev
NMRCPHOI on 6 MRI acquisitions with one-week intervals. To assess the reproducibility of the results obtained on other MRI
scanners, we compared these measurements with the reference values.
Conclusion: The method for the standardization of T2* mapping on various 1.5T and 3T MRI scanners was tested. This
method is based on the use of our phantom to validate or calibrate (if necessary) the MRI study protocol. The standardization
protocol provided an opportunity to use the empirical formula (revealed in our institute as well as in other studies) for converting
T2* values from any MRI scanner into LIC (mg/mL). (International Journal of Biomedicine. 2022;12(1):24-28.)
Key Words: iron overload • MRI diagnosis • T2* mapping • MRI phantom • SPIO
For citation: Bulanov PA, Manzhurtseva EE, Menshchikov PE, Kupriyanov DA, Novichkova GA, Tereshchenko GV.
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Introduction
Iron overload is a condition in which extra iron builds up
in organs and tissues, causing toxic damage and, consequently,
organ dysfunction. Iron overload may occur due to hereditary
hemochromatosis or result from anemia requiring regular
transfusions of donor red blood cells.(1) Timely diagnosis of
iron overload is essential for the prediction of target organ
dysfunction as well as for the planning and monitoring of
*Corresponding author: Petr A. Bulanov. Dmitry Rogachev
National Medical Research Center of Pediatric Hematology, Oncology
and Immunology. Moscow, Russia. E-mail: petepeter@yandex.ru

chelation therapy.(2) Until recently, the only accurate method of
iron overload assessment was the analysis of liver samples by
atomic absorption spectrometry. Serum ferritin concentration,
widely used as an indirect measure of iron stores in patients
with hemochromatosis, is not always a reliable indicator of
iron status in patients suffering from post-transfusion iron
overload. The applicability of liver biopsy is limited by such
major negative factors as the invasiveness of the procedure
and significant variability in iron concentration due to
the small size of specimens and the heterogeneity of iron
deposition in the liver.(3) New magnetic resonance imaging
(MRI) technologies allow us to quantify iron concentration in
the liver, heart, and pancreas using special pulse sequences.(4)
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The most widely used quantification MRI method is T2*
mapping.(5) Iron is stored in the liver parenchyma mainly in two
forms: ferric hydroxide bound to ferritin and ferric hydroxide
in hemosiderin. Because of the paramagnetic properties of iron,
iron-containing substances also exhibit paramagnetic properties.
Paramagnets are substances that, because of magnetization
in the presence of an external magnetic field (for example, in
MRI), generate large inhomogeneities in local magnetic fields
and consequently affect T2* relaxation time, which is heavily
dependent on such inhomogeneities.(3) T2* is measured by a
gradient echo sequence (GRE) with multiple echo times (TEs).
The obtained images are used to create a map of T2* value
distribution (hereinafter referred to as a “T2* map”) that is
sensitive to ferritin and hemosiderin concentrations: the lower
T2* values, the more iron is present in the area of interest, and
the higher iron overload is.(6) This method is non-invasive and
allows for a quick assessment of iron overload in the entire
liver, thus solving the two major problems associated with liver
biopsy at once. However, we cannot replace biopsy with T2*
mapping because of the absence of standards for converting
T2* values into liver iron concentration (LIC). The creation of
the standard is crucially essential for further diagnosis and an
accurate assessment of iron overload.
One of the main methods for T2* values to be converted
into LIC is an experimental calibration based on T2* mapping
and biopsy findings.(7) However, as seen from experience, such
calibration curves may be specific to the cause of iron overload
as well as to methods used in the experiment (T2* mapping
parameters, biopsy techniques, scanners used, etc.).(7) In
other words, these restrictions substantially limit using of the
calibration curve anywhere except the place where the curve
was obtained (“reference MRI scanner”). Nevertheless, using
the calibration curves is possible if T2* values acquired on any
MRI scanner will be matched with the values from the reference
MRI scanner. FerriScan® (Australia) is the most successful
attempt at standardization. It is a commercial product approved
by the United States Food and Drug Administration (the FDA)
to calculate LIC based on T2* values.(8) This technique has
demonstrated high reproducibility in multicenter studies.(9)
Nevertheless, its wide use is strongly limited by the high cost.
The aim of this study was to develop and validate
an effective and simple algorithm that would help test the
correspondence between T2* values obtained with various MRI
scanners and those obtained with reference 1.5T and 3T MRI
scanners at the National Medical Research Center of Pediatric
Hematology, Oncology and Immunology named after Dmitry
Rogachev by using an MR-compatible phantom containing
paramagnetic iron oxide (Fe3O4) nanoparticles. Such an
algorithm would allow healthcare facilities to easily start using
T2* mapping to assess LIC (based on the conversion curve
obtained by us previously(6)) without the necessity of laborious
preliminary experimental creation of calibration curves.

Materials and Methods
The Development of a Phantom
The phantom consisted of 28 tubes, 50 ml each, filled
with colloid solutions of various concentrations (Fig.1)

containing paramagnetic iron oxide nanoparticles (Fe3O4).
The nanoparticles were produced using the method proposed
by Elmore(10):
FeSO47H2O + 2FeCl36H2O + 8NH3H2O = Fe3O4 + 6NH4Cl
+ (NH4)2SO4 + 23H2O,
where iron(III) chloride hexahydrate and iron(II) sulfate
heptahydrate were used as carriers of ferrous and ferric ions,
ammonium hydrate was used to precipitate and synthesize
the nanoparticles, and citric acid, a surfactant, was used for
growth control and stabilization of the particles. The resulting
solution was centrifuged at 1500 rpm for 5 minutes to
precipitate large particles. The top layer of the solution filtered
through standard filter paper with an average pore size of 3 - 5
µm was the colloidal suspension of iron oxide nanoparticles
that we had aimed to obtain. The resulting solutions with high
iron concentration were diluted to achieve T2* values similar
to those seen in a healthy liver and in the four grades of iron
overload.(6)

Fig. 1. A. An example of phantom positioning in an MRI scanner. B.
The phantom containing superparamagnetic iron oxide nanoparticles
(Fe3O4)

MRI Scanning and Post-processing
The phantom was scanned using four MRI scanners
from different manufacturers and with different field strengths
(Table 1).
Table 1.
MRI scanners used in the research
MRI scanner / Maximum
Magnetic field gradient
strength
strength
/slew rate

Reference /
Control

Receiver coil

Philips Achieva
dStream (Best, 80 mT/m / 3T Reference
MRI scanner
The Netherlands) 200 T/m/s NMRCPHOI
/3Т

dS Torso anterior
coil combined with
a coil integrated in
the table, with 32
channels in total

Philips Achieva
Control
(Best,
80 mT/m / 3T MRI
scanner
The Netherlands) 200 T/m/s
CRIEPST
/3Т

dS Torso anterior
coil combined with
a coil integrated in
the table, with 32
channels in total

Signa GE
mT/m / 1.5TReference
Body
(Chicago, Illinois, 33
MRI scanner 8-channel
120 Т/m/
Array coil
USA)/1.5Т
NMRCPHOI
Philips Ingenia
Control
(Best,
45 mT/m / 1.5T MRI
scanner
The Netherlands) 200 T/m/s
NMRCTO
/1.5Т

16-channel
FlexCoverage
Anterior coil
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The phantom was scanned on the reference MRI
scanners at the Dmitry Rogachev National Medical Research
Center of Pediatric Hematology, Oncology and Immunology
(NMRC PHOI) 6 times with one-week interval. T2* maps
acquisition on control MRI scanners in Clinical and Research
Institute of Emergency Pediatric Surgery and Traumatology
(CRIEPST) and National Medical Research Center of
Traumatology and Orthopedics named after N. N. Priorova
(NMRCTO). Specifications of the reference and control MRI
scanners are presented in Table 1. The MRI protocols included
T2* mapping using multi-phase fast gradient echo (mGRE).
For all the scanners, the main parameters were as follows: the
flip angle (FA) - 45°, the echo time (ТE) – 1.2 ms, the number
of echoes – 20 with ∆TE = 1.5 ms, the repetition time (TR) –
350 ms; the resolution – 1.5×1.5 mm. For MRI scanners with
field strengths of 1.5T and 3T, the slice thickness was 10 and
7 mm, respectively.
T2* values were calculated in two ways. One was
automatic T2* mapping using integrated commercial
software packages. Mean T2* values were measured within
the marked regions of interest (ROI) on T2* maps. The other
was manual data analysis using free-available conversional
tables.(11) T2* values in ROI were computed by exponential
approximation of decay curves via the maximum likelihood
method.
Statistical Analysis. We calculated mean T2* values
and standard deviations for each phantom tube. The statistical
analysis was conducted using GraphPad Prism 8.0.1 software.
The repeatability and reproducibility of T2* measurements
were assessed. Repeatability was defined as the stability of
data obtained during several scanning sessions on the same
(reference) MRI scanner over a long period of time. To assess
repeatability, we also calculated mean coefficients of variation
with the following formula:

Fig. 2. An example of a T2* map (on the left) obtained with
commercial processing software on the Philips 3T scanner. For
two tubes, the examples of T2* signal decay and the dependence
of signal intensity (relative units) on TE, ms (TE_1 = 1.2 ms, ∆TE
= 1.5 ms) are given. The upper plot was constructed for the tube
with the real iron concentration of 0.21 mg/mL and the T2* time =
1.2±0.2 ms, the lower plot was constructed for the tube with the real
iron concentration of 0.77 mg/mL and the T2* time = 9±0.2 ms.

The mean coefficients of variation ( ) for the
reference 1.5 and 3T MRI scanners at our center were 4%
and 5%, respectively. The analysis of the repeatability of the
technique on the reference MRI scanners is presented in the
form of Bland-Altman plots (Fig. 3 A, B). For both scanners,
the 95% confidence intervals (CI) ranged from -0.4 to +0.4
ms. Standard deviations for 1.5T and 3T scanners lied in the
range of 2% - 5% and 2% - 8%, respectively, whereas in the
case of 3T MRI scanner, we observed an increase in the values
of standard deviations and a decrease in T2* values.

Additionally, we evaluated linear correlations between
the results obtained by automatic and manual processing (see
MRI Scanning and Post-processing).
Reproducibility was defined as the degree of agreement
between T2* values obtained on the control MRI scanners
and those obtained on the reference scanners using various
methods of T2* calculation (see MRI Scanning and Postprocessing). To test the reproducibility of the results across
different MRI scanners, we estimated the correlation between
measurements obtained on the reference and control MRI
scanners. Additionally, Bland-Altman plots were created
to assess the repeatability and reproducibility of the results
visually.

Results
An example of a T2* map (calculated using commercial
processing software for Philips 3T MRI scanner) is represented
in Figure 2. The ranges of T2* values for 1.5 and 3T MRI
scanners were as follows: from 18.4 to 0.7 ms and from 14.1
to 0.5 ms, respectively.

Fig. 3. Testing the repeatability of the results: Bland-Altman
plots for the repeatability of the results obtained on the reference
scanners with field strengths of 1.5T (A) and 3T (B), showing the
mean deviations of the T2* values (ms) from the average during 6
observations. The correlation between T2* values (ms) obtained
by automatic mapping on a Philips 3T scanner and by manual
processing of T2* values in ROI (B).
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Furthermore, we found a significant (R2=0.99, P<0.01)
correlation between the T2* values obtained using different
calculation methods (Fig. 3B).
We found significant correlations between reference
values and the values obtained

on other scanners (Fig. 4 A,
B): 1.5T - R2 = 0.99 (P<0.01); 3T - R2 = 0.99 (P<0.01). The
analysis of the reproducibility of the technique using various
MRI scanners is presented in the form of Bland-Altman plots
(Fig. 4 C, D). For the scanners with field strengths of 1.5T and
3T, the 95% confidence intervals range from -0.4 to +0.4 ms,
respectively.

Fig. 4. Testing the reproducibility of the results: A, B - correlations
between the T2* values obtained on reference and other devices
with field strengths of 3T and 1.5T, respectively. C, D - BlandAltman plots for similar Т2* values.

Discussion
In this study, we analyzed the repeatability and
reproducibility of an MRI technique for assessing iron
overload in the liver based on the application of mGRE pulse
sequence, the most available and frequently used technique
for measuring iron overload. The coefficients of variation
for 6 repeated measurements obtained over one and a half
months from MRI scanners at the D. Rogachev NMRCPHOI
were less than 5%, indicating excellent repeatability of
T2* measurements on both scanners. These results are also
confirmed by the statistical analysis and Bland-Altman plots.
A significant correlation between T2* values calculated using
different methods suggests that one is free to choose any way
to process data obtained from the same MRI scanner.
The mean standard deviations show that relative
errors of T2* increase proportionally to an increase in iron
concentration in a tube due to faster signal decay at a higher
iron concentration and, consequently, fewer points for the
approximation used to determine T2* values. The lower the
field strength is, the slower the T2* relaxation process occurs
(which also explains the difference between T2* values).
Therefore, T2* measurement errors turn out to be smaller at
1.5T field strength than at 3T. Still, this error associated with
using 3T field strength scanners is not critical. It lies within
confidence intervals (95%) for mean values obtained at 1.5T,
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which means that 3T MRI scanners can be successfully applied
to detect iron overload. To reduce T2* measurement errors at
3T, ultra-short echo time (UTE) sequences can be used.(12)
This technique provides the opportunity to reduce the initial
TE value and thus to obtain more points for the approximation
at high iron concentrations and to increase the accuracy of
the approximation and the reliability of the results. Moreover,
radial data collection used in the uTE sequence allows us to
avoid respiratory motion artifacts,(13) providing the opportunity
to use the free-breathing sequence,(14) which is undoubtedly
essential when working with young children.  
The results of reproducibility testing also suggest that
the created phantom retains all necessary characteristics
(homogeneity and the constancy of concentrations and its
paramagnetic properties) during a long period of time and,
thus, can be used for further evaluation of the reproducibility
of T2* calculations on other scanners or with other scanning
modes. In contrast to the previous attempts to create
phantoms for T2* measurements,(15,16) in this study, we chose
superparamagnetic iron oxide Fe3O4 (SPIO) nanoparticles as
a paramagnetic material, since hemosiderin contains colloidal
particles of ferric hydroxide.(17)
Using the phantom, we tested the reproducibility of
the T2* values on MRI scanners from other institutions and
compared them with the values obtained on the reference
scanners. Based on the correlation and Bland-Altman
analyses, T2* mapping techniques used on the 3Т and 1.5Т
control MRI scanners demonstrated good reproducibility. As
a result, the T2* measurements were consistent across various
devices (lied within the 95% confidence interval). This result
clearly indicates that the previously developed formulas for
the conversion of T2* values into LIC can be used for these
scanners as well. It should be considered that the mapping
parameters were selected to be as similar as possible to those
that we used on the reference scanner. The modification of the
most parameters should not significantly change the calculated
T2* values; however, the choice of TE values for the mGRE
and uTE sequence should be very careful, since different sets
of TE times can strongly affect the calculated T2* values due
to the phase effects between fat and water signals.(5)
Thus, to use the previously obtained curves to convert
T2* values into LIC, (4,6) it will be sufficient to test the
correspondence of T2* values using the phantom we created.
In case of any discrepancies, the scanning protocol should be
modified until this concordance is obtained. Our experience
gained in this study showed that good concordance could be
obtained using scanners from different manufacturers, which
was also confirmed by the previous studies.
The standardization protocol created in the following
study provided an opportunity to use the empirical formula for
converting T2* values into LICm that has been developed in
our institute(4,6) as well as for other calibration curves (18,19) for
any MRI scanners.
As a result of this study, the method for the
standardization of T2* mapping on various 1.5T and 3T MRI
scanners was tested. This method is based on the use of our
MR-compatible phantom. Using this phantom allows for a
quick and effective comparison of obtained T2* values against
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the reference values and for calibration (if necessary). Liver
iron overload can thus be measured without prior long-term
validation of T2* mapping and conversion of T2* values (ms)
into LIC (mg/mL).
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Abstract
The aim of this study was to investigate the femoral cartilage thickness (FCT) by ultrasound in patients with knee osteoarthritis
and compare them with those of healthy subjects.
Methods and Results: This cross-sectional study included 44 patients diagnosed with knee osteoarthritis (OA) and 49
healthy subjects. The FCT was measured using an L5-18 MHz linear probe. Measurements were taken from both knee joints in
three regions: the medial condyle, lateral condyle, and intercondylar area. Our results showed thinner cartilage in OA patients
than in the healthy subjects at the three examined locations bilaterally (medial condyle, lateral condyle, intercondylar area). In
OA patients, FCT correlated positively with body mass index at the right lateral condyle, right intercondylar area, and left medial
condyle (P<0.05).
Conclusion: Our study revealed thinner FCT in patients with knee OA than in healthy subjects. Further studies considering
the stratification of different stages of OA could yield better results.(International Journal of Biomedicine. 2022;12(1):29-33.)
Key Words: osteoarthritis • femoral cartilage thickness • ultrasound
For citation: Bedewi MA, Elsifey AA, Naguib MF, Saleh AK, Al-Ghamdi S, Alhariqi BA, Aldossary NM, Abdelwahab G,
Nwihadh NB, Abd-Elghany AA, El-Bidawy MH. Ultrasonographic Measurement of Femoral Cartilage Thickness in Patients with
Knee Osteoarthritis. International Journal of Biomedicine. 2022;12(1):29-33. doi:10.21103/Article12(1)_OA2
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BMI, body mass index; FCT, femoral cartilage thickness; LIC, left intercondylar area; LLC, left lateral condyle; LMC, left
medial condyle; MRI, magnetic resonance imaging; OA, osteoarthritis; RIC, right intercondylar area; RLC, right lateral condyle;
RMC, right medial condyle.
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Introduction
Osteoarthritis (OA) of the knee is a common degenerative
synovial joint disorder and is a significant cause of chronic pain
and disability associated with structural and functional loss. It
can result in morbidity and socioeconomic loss, particularly
in the aging population.(1-4) OA of the knee is characterized
by focal degeneration and progressive loss of the articular
cartilage.(5) Femoral articular cartilage is hyaline type. It is
composed of an extracellular matrix and chondrocytes.(4) The
significance of correct assessment of the articular cartilage is
increasing, especially with the development of new treatments
for OA, like disease-modifying drugs, osteochondral
autografting, and autologous chondrocyte implantation.(1,6)
Successful assessment of disease progression and response to
treatment that could control the course of the OA depend on
finding a suitable method for assessing cartilage thickness.(5)
The use of plain films was considered the main radiological
tool for diagnosing knee OA. It reveals gross joint narrowing,
including the meniscus as a proportion of the joint space.
Conventional radiography does not directly visualize cartilage
surface, and the correlation of the clinical symptoms with the
width of the joint space could be misleading. CT can only
determine surface defects of cartilage thickness, with the risk
of high dose ionizing radiation and relatively high price.(1,4,6)
MRI is a safe imaging modality that uses three-dimensional
fat-suppressed spoiled gradient-recalled steady-state (3D
SPGR), acquisition with high sensitivity to detect focal
cartilage defects. However, MRI is an expensive modality,
with limited accessibility, in addition to several problems
with claustrophobic patients and patients with non-compatible
metallic prostheses.(1)
Ultrasonography is also a safe technique, which is well
tolerated by patients. It is thought to detect cartilage defects
and bone erosions in the early phases of OA.(1) The aim of this
study was to investigate the femoral cartilage thickness (FCT)
by ultrasound in patients with knee osteoarthritis and compare
them with those of healthy subjects.

Materials and Methods
Participants in the study were recruited between March
2020 and May 2020. This cross-sectional study included 44
patients diagnosed with knee OA, according to the American
College of Rheumatology criteria. The study also involved 49
healthy subjects. Healthy subjects enrolled in the study had
the following features: female or male, and no history of knee
pain. For each participant, data including sex, age, weight,
BMI, and height were acquired. Written informed consent was
obtained from all participants.
Sonographic examination
The patients were investigated using an ultrasound
machine equipped with an L5-18 MHz linear probe (Epic 5
Ultrasound system: Philips, Bothell, WA). Two radiologists
with 7 years of experience in musculoskeletal ultrasound
performed all studies. Three scans were performed for all
participants. The probe was placed in the short axis above the
patella. All participants were examined in a supine position

with flexion of the knee joint. Measurements were taken from
both knee joints in three regions: the medial condyle (RMC/
LMC), lateral condyle (RLC/LLC), and intercondylar area
(RIC/LIC) (Fig.1).

Fig. 1. Short axis image of the femoral cartilage in a healthy
subject. LC - lateral condyle, IC - intercondylar area, MC medial condyle.

Statistical analysis was performed using the standard
Statistical Package for the Social Sciences (IBM SPSS
Statistics for Windows, Version 21.0. Armonk, NY: IBM
Corp). Continuous variables were presented as mean±standard
deviation (SD). For data with normal distribution, inter-group
comparisons were performed using Student’s t-test. The
frequencies of categorical variables were compared using
Pearson’s chi-squared test A probability value of P<0.05 was
considered statistically significant.

Results
Measurements were taken from 88 knees of 44 OA
patients (15 males, 29 females) with a mean age of 51.52±8.77
years [range 33-67], mean height of 160.45±10.03 cm [range
144-184], mean weight of 83.00±17.45 kg [range 56-123], and
mean BMI of 32.28±5.50 kg/m2 [range 24.2-49.9].
A total of 98 knees were included from 49 healthy
subjects (30 males, 19 females) with the mean age of 31.73±7.80
years [range 17-62], mean height of 162.20±10.87 cm [range
135-195], mean weight of 65.99±16.54 kg [range 44-125],
and mean BMI of 24.93±4.32 kg/m2 [range 16.6-35.7]. The
demographic features of OA patients and healthy subjects are
shown in Table 1.
Table 1.
The demographic characteristics of OA patients and healthy
subjects
Variable

Patients (n=44)

Control (n=49)

P-value

Age, years

51.52±8.77

31.73±7.80

<0.0001

Female, n (%)

29 (65.90)

19 (38.78)

Male, n (%)

15 (34.10)

30 (61.22)

Weight, kg

83.00±17.45

65.99±16.54

<0.0001

160.45±10.03

162.20±10.87

>0.05

32.28±5.50

24.93±4.32

<0.0001

Height, cm
BMI, kg/m

2
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Table 2.
FCT (cm) in OA patients and healthy subjects
Patients (n=44)
Female
(n=29)
(1)
RIC

Male
(n=15)
(2)

Control (n=49)
Female
(n=19)
(3)

Male
(n=30)
(4)

P-value

>0.05
1-3
0.22±0.05 0.20±0.06 0.23±0.02 0.24±0.04 P
P2-4=0.01

>0.05
1-3
RMC 0.19±0.04 0.18±0.07 0.21±0.03 0.23±0.03 P
P2-4=0.01
RLC

<0.05
1-3
0.20±0.04 0.19±0.05 0.22±0.02 0.22±0.03 P
P2-4=0.01

LIC

>0.05
1-3
0.21±0.05 0.19±0.06 0.23±0.04 0.23±0.04 P
P2-4=0.01

>0.05
1-3
LMC 0.19±0.07 0.19±0.05 0.21±0.03 0.22±0.03 P
P2-4=0.01
LLC

>0.05
1-3
0.20±0.04 0.19±0.04 0.21±0.03 0.22±0.03 P
P2-4<0.01

Table 3.
Correlations between demographic factors and FCT (cm) in OA
patients

The intra-observer reliability was 0.80. Measurements
of the mean FCT showed statistically significant lower values
in patients with knee OA than in healthy subjects in the six
parameters. In OA patients, FCT correlated positively with
BMI at the RLC, RIC, and LMC (P<0.05). Other demographic
factors showed no significant correlation with FCT in OA
patients. In healthy subjects, the FCT correlated positively
with height at the RLC, RIC, and LMC (P<0.05). Other
demographic factors showed no significant correlation with
the FCT in healthy subjects (Tables 2-6).
Table 5.
Independent t-test comparing FCT (cm) in OA patients
Gender
RIC

RMC

RLC

LIC

n

Mean

SD

Female

29

0.22

0.05

Male

15

0.20

0.06

Female

29

0.19

0.04

Male

15

0.18

0.07

Female

29

0.20

0.04

Male

15

0.19

0.05

Female

29

0.21

0.05

Male

15

0.19

0.06

Female

29

0.19

0.07

Male

15

0.19

0.05

Female

29

0.20

0.04

Male

15

0.19

0.04

t-statistic

Sig

1.175

0.2468

0.605

0.5484

0.721

0.4747

1.175

0.2468

0.000

1.0000

0.786

0.4382

RIC

RMC

RLC

LIC

LMC

LLC

0.065

- 0.101

0.062

0.172

0.048

0.074

Sig

0.718

0.516

0.690

0.264

0.756

0.633

Weight

0.233

0.192

0.276

0.162

0.118

0.212

Sig

0.128

0.212

0.070

0.295

0.444

0.168

Height

0.008

0.024

0.024

0.010

0.009

0.03

Sig

0.959

0.878

0.877

0.950

0.955

0.780

Table 6.

0.306

0.227

0.347

0.212

0.155

0.246

Independent t-test comparing FCT (cm) in healthy subjects

0.044

0.138

0.021

0.168

0.314

0.107

Age

BMI
Sig

Correlations between demographic factors and FCT in healthy
subjects
RIC

RMC

RLC

LIC

LMC

LLC

0.064

- 0.013

0.063

0.112

0.074

- 0.080

Sig

0.662

0.928

0.669

0.445

0.612

0.583

Weight

0.270

0.225

0.112

0.046

0.244

0.168

Sig

0.060

0.121

0.444

0.754

0.092

0.248

Height

0.336

0.265

0.290

0.005

0.319

0.194

Sig

0.018

0.066

0.043

0.974

0.025

0.181

0.131

0.164

- 0.048

0.126

0.175

0.114

0.370

0.261

0.745

0.390

0.230

0.435

BMI
Sig

LLC

Gender
RIC

Table 4.

Age

LMC

RMC

RLC

LIC

LMC

LLC

n

Mean

SD

Female

19

0.23

0.02

Male

30

0.24

0.04

Female

19

0.21

0.03

Male

30

0.23

0.03

Female

19

0.22

0.02

Male

30

0.22

0.03

Female

19

0.23

0.04

Male

30

0.23

0.04

Female

19

0.21

0.03

Male

30

0.22

0.03

Female

19

0.21

0.03

Male

30

0.22

0.03

t-statistic

Sig

1.010

0.3177

2.274

0.0276

0.000

1.0000

0.000

1.0000

1.137

0.2613

1.137

0.2631
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Discussion

Conclusion

In this study, we evaluated FCT by ultrasound in
knees of OA patients and whether the result is related to
any of the demographic factors. Ultrasonography is a cheap,
non-invasive diagnostic tool for examining the knee joint.
Cartilage appears in ultrasound as homogenously anechoic
with a distinct bone margin. Ultrasound can also assess the
collateral ligaments and patellar tendon, in addition to effusion
and bursitis.(5) The importance of ultrasound in the diagnosis
of knee OA has increased over the last twenty years.(1) The
knee joint is usually involved by OA, ending with injury
of the articular cartilage. Articular cartilage consists of two
phases: a fluid phase, and a solid phase. The interactions of
the components of these two phases support articular cartilage
to resist compressive forces.(7) Several studies reported the
FCT assessment in healthy adults and in different sets of
diseases.(8-13) Our study focuses on OA as one of the most
prevalent disorders affecting the knee joint with significant
morbidity and socioeconomic loss. Assessment of cartilage
thickness is essential for early detection of OA, follow-up of
disease progression, and evaluation of treatment. Cartilage
thickness may increase in the earlier cases of OA; however,
well-established OA is characterized by narrowed tibiofemoral
cartilage, erosions, and cartilage loss in late disease. Accurate
measurement of cartilage thickness can be very useful clinically
for detecting focal cartilage defects.(6,14) During the course of
knee OA, as mentioned in previous studies, cartilage loss starts
in the medial tibiofemoral compartment and then progresses to
the lateral tibiofemoral compartment.(15) In our study, FCT was
thinner in patients with knee OA than in healthy subjects at
the medial condyle, lateral condyle, and intercondylar region.
Our results showed thinner cartilage in OA patients than in
the healthy subjects at the three examined locations bilaterally
(medial condyle, lateral condyle, intercondylar area) (Figure 2).
BMI showed a correlation with three out of six measurements
in OA in our study. Compared to Ozgonenel et al.,(14) our
measurements were lower at both condyles together with the
intercondylar area. This is likely attributed to the recruitment
of early cases of knee OA in that study.

Our study revealed thinner FCT in patients with knee
OA than in healthy subjects. Further studies considering the
stratification of different stages of OA could yield better results.

Fig. 2. Long axis image of the femoral cartilage in an
osteoarthritic patient. LC- lateral condyle, IC - intercondylar
area, MC - medial condyle.

The present study has limitations. First, the sample
population is heterogeneous, which limits the generalization
of the results. Second, the sample size is relatively small.
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Abstract
The goal of this study is to evaluate the potential ability of shear wave elastography (SWE) to evaluate the sural nerve (SN)
in healthy subjects.
Methods and Results: Thirty-six SNs were evaluated in 18 healthy adult subjects. Subjects were examined in the prone
position with the ankle in the neutral position, and the knees fully extended; a linear transducer was used [L18-4, MHZ] (EPIQ
Elite SW 5.0.1, Philips). Nerve conduction studies were performed with the Nihon-Cohden Neuropack device. The mean cross
sectional area of the SN at both sides was 4.03±1.16 mm2. The mean shear elastic modulus of the right SN in the short axis was
24.92±6.08 kPa, while in the long axis it was 26.45±5.66 kPa. The mean shear elastic modulus of the left SN in the short axis was
24.1±4.1 kPa [range 19-33.13], while in the long axis it was 23.9±4.9 kPa [range 16.4-30.77]. The cross sectional area of the SN
correlated positively with height (P<0.05), weight (P<0.001), and body mass index (P<0.01).
Conclusion: SWE could play a complementary role in future evaluation of SN pathologies. (International Journal of
Biomedicine. 2022;12(1):34-37.)
Key Words: sural nerve • shear wave elastography • body mass index
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Introduction
The sural nerve (SN) is a small sensory nerve, which is
formed by a branch of the common fibular nerve (lateral sural
cutaneous nerve) and a branch of the tibial nerve (medial sural

cutaneous nerve). It supplies the skin of the lateral side of the
foot and the lateral and posterior part of the inferior third of the
leg.(1-3) Anatomical and topographical variations are common.
Union of the SN roots can occur at the proximal part of the calf,
although occasionally, more distal fusion can be seen.
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During its course, the SN has a close relationship with
the short saphenous vein and the Achilles tendon.(1-5) The SN
is essential in several clinical situations. In nerve conduction
studies, it is used to diagnose polyneuropathies like sciatic and
tibial neuropathies, as well as lumbosacral plexopathies.(6-11)
Also, the SN biopsy represents the mainstay in the diagnostic
workup of some other types of peripheral nerve diseases.(12,13)
Nerve graft procedures are another important use of the SN.(1)
Ultrasound was used for more than two decades to assess the
musculoskeletal system. It is a non-invasive, fast, and dynamic
diagnostic technique. These features favor its use over
magnetic resonance imaging for a small nerve like the SN.
Sonoelastography was first described in the 1990s to detect
tissue stiffness. Two main types of elastography are present
at the moment. The first is strain elastography, where mild
pressure is applied by a probe to estimate the tissue stiffness,
resulting in qualitative and semi-quantitative values. The other
type is SWE, where the probe induces a pulse that propagates
waves in a transverse manner with resultant attenuation by the
different target tissues. The amount of stiffness is related to
the velocity of wave propagation. SWE is now widely used
in evaluating many organs, such as the liver, breast, and
thyroid gland. Recently it has been introduced to assess the
musculoskeletal and peripheral nervous systems.(14-24) The
goal of this study is to evaluate the potential ability of SWE to
evaluate the SN in healthy subjects.
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performed electrodiagnostic studies. All studies were
performed at optimal room temperature.
Statistical analysis was performed using the standard
Statistical Package for the Social Sciences (IBM SPSS
Statistics for Windows, Version 21.0. Armonk, NY: IBM
Corp). Inter-observer agreement was measured using Cohen’s
kappa (k) statistic. Continuous variables were presented
as mean±standard deviation (SD). For data with normal
distribution, inter-group comparisons were performed using
Student’s t-test. The frequencies of categorical variables were
compared using Pearson’s chi-squared test A probability value
of P<0.05 was considered statistically significant.

Fig. 1. Axial scan view of the sural nerve shear wave
elastography with stiffness measurement in kPa.

Materials and Methods
Thirty-six SNs were evaluated in 18 healthy adult
subjects. After obtaining institutional review board approval,
subjects were recruited between September 2019 and
December 2019, and written consent was obtained. Our
inclusion criteria were healthy male or female, age range
of 24-46. The following were excluded in each subject: the
presence of pain due to neuropathy, limb weakness, trauma
to the lower limb. Demographic data were obtained for all
subjects.
Subjects were examined in the prone position with the
ankle in the neutral position, and the knees fully extended;
a linear transducer was used [L18-4, MHZ] (EPIQ Elite SW
5.0.1, Philips). An experienced radiologist performed all
studies; images were reviewed by a neurologist. The SN was
first scanned in the axial scan above the level of the lateral
malleolus and lateral to the lesser saphenous vein, and then the
CSA was measured. For the SWE measurements, each subject
was scanned three separate times. A confidence map was used
to increase the reliability of the study. After axial scanning
and the SWE measurements were taken, the transducer was
rotated 90º for longitudinal SWE measurements. When the
nerve was identified, the transducer was held stationary for
4 seconds with the region of interest diameter measuring
2mm and placed within the hyperechoic epineurium. Average,
median, and maximum elasticity were recorded in kPa. The
color scale was set at a 0 to 200 kPa. The blue color was set for
soft tissues and red for stiff tissues (Figures 1 and 2).
Nerve conduction studies were performed with the
Nihon-Cohden Neuropack device. An expert neurologist

Fig. 2. Longitudinal view of the sural nerve shear wave
elastography with stiffness measurement in kPa.

Results
Our study included 18 healthy adult subjects, with a
mean age of 32.67±7.07 years [range 24-46], mean height 157.89±8.29 cm [range 144-177], mean weight - 60.67±9.15
kg [range 43-84], mean BMI - 4.27±2.58 kg/m2 [range 20.730.9]. Table 1 shows CSA and stiffness estimates of the SN.
Table 2 shows descriptive statistics used in our study. The
intra-observer reliability calculations resulted in an overall
intra-class correlation coefficient of 0.80. The mean CSA of
the SN at both sides was 4.03±1.16 mm2 [range 2-7]. The
mean CSA area of the right SN was 4±1.3 mm2 [range 2-7].
The mean shear elastic modulus of the right SN in the SA
was 24.92±6.08 kPa [range 14.3-34.9], while in the LA it was
26.45±5.66 kPa [range 11-34.5]. The mean CSA of the left SN
was 4.04±1.03 mm2 [range 2.3-6.1]. The mean shear elastic
modulus of the left SN in the SA was 24.1±4.1 kPa [range
19-33.13], while in the LA it was 23.9±4.9 kPa [range 16.430.77]. No statistical differences were noted between the right
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and left sides regarding the CSA (P=0.955), shear wave elastic
modulus of the SN in the SA (P=0.635), and shear wave elastic
modulus of the SN in the LA (P=0.152). The CSA of the SN
correlated positively with height (P<0.05), weight (P<0.001),
and BMI (P<0.01). No correlation was noted between CSA and
age in our study. No statistical relation could be noted between
elasticity measurements in long and short axes. The SN elastic
modulus also showed no correlation with CSA in the LA nor
SA. Height, weight, and BMI showed no correlation with
SN elastic modulus in short or long axes. Only age showed a
negative correlation with LA measurements.
Table 1.
CSA and shear elastic modulus of the sural nerve
Right

Left

P-value

CSA
Mean ±SD
Minimum / Maximum

4±1.3
2 /7

4±1.0
2.3 / 6.1

0.955

SA
Mean ±SD
Minimum / Maximum

24.9± 6.08
14.3 / 34.9

24.1±4.1
19 / 33.1

0.635

LA
Mean ±SD
Minimum / Maximum

26.5±5.66
11 / 34.5

23.9±4.9
16.4 / 30.8

0.152

CSA in mm2; LA- Long axis stiffness in kPa; SA- Short axis stiffness
in kPa
Table 2.
Correlations between age, weight, height, and BMI, with CSA, and
elastic modulus of the SN in long and short axis
Sural CSA Sural SA Sural LA
Age

Pearson Correlation

.127

-.216

-.402

Sig. (2-tailed)

.460

.205

.015

36

36

36

Pearson Correlation

.331

.171

.095

Sig. (2-tailed)

.049

.318

.581

36

36

36

Pearson Correlation

.573

.268

.197

Sig. (2-tailed)

.000

.114

.248

36

36

36

Pearson Correlation

.491

.201

.179

Sig. (2-tailed)

.002

.240

.297

n

36

36

36

Pearson Correlation

1

.196

.186

.252

.277

36

36

36

Pearson Correlation

.196

1

.192

Sig. (2-tailed)

.252

n
Height

n
Weight

n
BMI

Sural CSA Sig. (2-tailed)
n
Sural SA

n
Sural LA

.263

36

36

36

Pearson Correlation

.186

.192

1

Sig. (2-tailed)

.277

.263

36

36

n

36

Discussion
In the last decade, several studies considered major
peripheral nerves by SWE. Kantraci et al. (25) studied the
median nerve SWE proximal to the carpal tunnel and revealed
a mean stiffness of 32 kPa. Paluch et al. studied the ulnar
nerve at different levels of the arm and forearm, with mean
stiffness of 33 kPa [range 19-52].(26,27) He et al.(28) studied the
median nerve at the forearm with a mean stiffness of 35 kPa,
as well as the tibial nerve, which showed a mean stiffness
value of 36.5 kPa. These values are comparable to the mean
stiffness of the SN in our study [SA=24.5 kPa, LA=25.2 kPa],
especially when we consider the small size of the SN. Several
obstacles were reported when scanning the peripheral nerves
with SWE. For example, nerve stiffness can vary substantially
with different limb positions and different magnitudes in the
upper or lower limb.(29) Another important factor is the position
of the nerve and proximity to the bone, with the possibility
of repetitive compression.(30) Some authors reported the
importance of probe orientation, whether it is only in SA or
both long and short axes. In the study done by Aslan et al.,(31)
the elastography values were higher when taken on LA than
on SA. No difference in the stiffness values between long and
short axes was noted in our study. We believe that we cannot
generalize this fact and apply it to other nerves that are in close
proximity to bone, like the radial nerve in the spiral groove or
the common fibular nerve in relation to the fibular neck. In
these sites, we expect higher values on LA views. Limitations
of this study include the following: First, small sample size
limits generalization of our results; second, the female gender
dominated and the age range was narrow; third, the SN was
scanned at a single location; fourth, the study included healthy
subjects. Further larger caliber studies, including variable
pathologies of the SN, including mononeuropathy and
polyneuropathies, are encouraged.
In conclusion, we believe that SWE could play a
complementary role in future evaluation of SN pathologies.
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Abstract
The objective of this study was to conduct a comparative analysis of the features of LV myocardial remodeling in pregnant
women with chronic arterial hypertension (CAH) and preeclampsia (PE) on the background of CAH.
Methods and Results: The study cohort included pregnant women (n=547) with hypertensive disorders. All women were
divided into two groups: Group 1 included 376 Caucasian patients living in the Republic of Dagestan; Group 2 included 171
patients living in the Republic of Sakha (Yakutia) (indigenous residents [Yakuts and Evenks). Later on, all patients were divided
into the following subgroups: Sub1A (n=134), and Sub2A (n=69) – pregnant women with CAH; Sub1B (n=242) and Sub2B
(n=102) – pregnant women with PE on the background of CAH. The diagnosis of pregnant women with CAH was made on the
basis of existing national and foreign recommendations that an increase in SBP ≥140 mmHg and/or DBP ≥90 mmHg indicates
CAH. Different patterns of left ventricular (LV) geometry were defined based on left ventricular mass index (LVMI) and relative
wall thickness (RWT), as recommended by the American Society of Echocardiography. The observed/predicted LVM ratio was
calculated as 100×(oLVM/pLVM). Participants with an oLVM/pLVM ratio of >128% were categorized as having “inappropriate”
LVM (iLVM).
iLVM was found in Subgroups 1B and 2B in the third trimester. The frequency of LV remodeling in pregnant women of
Subgroups 1 A and 2A in the second and third trimesters did not differ significantly. In Subgroup 1B, the frequency of concentric
left ventricular hypertrophy (cLVH) was higher in the third trimester (42.6%) than in the second trimester (26.9%) (P=0.000).
Moreover, in the third trimester, the frequency of cLVH was significantly higher in Subgroup 1B than in Subgroup 2B (42.6% and
29.4%, respectively, P=0.022). At the same time, in the third trimester, the frequency of left ventricular concentric remodeling
(LVCR) was significantly higher in Subgroup 2B than in Subgroup 1B (56.9% and 44.2%, respectively, P=0.032). In the second
trimester in Subgroup 1B, the frequency of LVCR was higher than in Subgroup 1A (50% and 38.1%, respectively, P=0.026). By
the third trimester, the severity of LV remodeling has increased significantly in Subgroup 1B. Thus, in Subgroup 1B, the frequency
of c LVH reached 42.6% compared to 31.3% in Subgroup 1A (P=0.03). In Subgroup 2B, in the third trimester, the frequency of
LVCR was slightly higher than in Subgroup 2A (56.9% and 43.5%. respectively, P=0.08).
Conclusion: Living conditions predetermine the prevalence of iLVM and LVCR in pregnant northerners with CAH. A
more common type of LV remodeling in pregnant women with CAH in conditions of high-altitude hypoxia is also LVCR, which
transforms into cLVH by the third trimester in pregnant women with PE on the background of CAH. The study of the type of LV
geometry and the appropriateness of LVM allows us to clarify the degree of LV damage in hypertension-related pregnancy. iLVM in
pregnant women with CAH appears to be a predictor of the development of PE. The revealed changes in the LV structure—LVCR
and cLVH—are more significant in PE on the background of CAH. (International Journal of Biomedicine. 2022;12(1):38-42.)
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Introduction
Hypertensive conditions complicate up to 10% of
pregnancies worldwide and are a leading cause of maternal,
fetal, and neonatal morbidity and mortality.(1) The frequency of
adverse outcomes in these women has doubled over the past
10–20 years.(2,3) There is evidence of the relationship between
chronic arterial hypertension (CAH), which existed before
pregnancy, and the risk of developing severe hypertension and
preeclampsia.(4)
Chronic arterial hypertension (CAH), defined by clinical
practice guidelines as SBP (≥140 mmHg) and or DBP ((≥90
mmHg) before pregnancy or up to 20 weeks, complicates
or use of antihypertensive medication before pregnancy.
Preeclampsia (PE), a pregnancy-specific disorder characterized
by hypertension (≥140/90 mmHg) and proteinuria (≥300 mg
in 24-hour urine), occurs de novo or may be superimposed on
CAH.
Human health can be affected by various factors, including
environmental, social, climatic, demographic, and economic
factors.(5,6) The Republic of Dagestan, one of the largest
republics of the North Caucasus, is located on the northeastern
slope of the Great Caucasus Range and in the southwest of the
Caspian Lowland. In the structure of general morbidity and
mortality of the population, the pathology of the cardiovascular
system occupies the leading place.(7) Most Dagestan people
are residents of the mountainous and high-mountainous parts.
It creates an unsolvable problem of ensuring the population’s
access to medical care, increasing complications of pregnancy
and childbirth.(9) The Republic of Sakha (Yakutia) occupies onefifth of Russia. Yakutia is one of the coldest regions in the world.
Extreme climatic factors of Yakutia have a depleting effect on
the functional reserves of the human body. The tension of the
adaptive mechanisms often manifests itself in the form of an
increase in blood pressure.(9,10)
Cardiac remodeling during pregnancy is considered a
physiological adaptation to an increased volumetric load and
increased body needs.(11)
Hypertrophy is understood as an increase in heart mass
above normal value with an increase in hemodynamic load:
afterload (pressure load), or preload (volume load), or both at
the same time.
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Left ventricular hypertrophy (LVH) is defined as
increased left ventricular mass in response to volume overload
and/or pressure overload.(12) Pressure overload typically leads
to concentric LVH, volume overload (anemia and hypervolemic
states) – to eccentric LVH. According to the concept of
“hypertensive” LV remodeling, concentric hypertrophy in
CAH is regarded as an adaptive response to normalize tension
in the heart wall.(13) There is also a possibility of developing
eccentric LVH.(14)
The impact of LV remodeling patterns, especially
concentric LVH, on the risk of developing PE has not been
definitively resolved. It is necessary to study the predictive
value of cardiac “phenotypes” of pregnant women with CAH,
considering ethnic characteristics to individualize treatment
and reduce the risk of developing severe forms of the disease.
The objective of this study was to conduct a comparative
analysis of the features of LV myocardial remodeling in
pregnant women with CAH and PE on the background of
CAH.

Materials and Methods
The study cohort included pregnant women (n=547)
with hypertensive disorders. All women were divided into two
groups: Group 1 included 376 Caucasian patients living in the
Republic of Dagestan; Group 2 included 171 patients living in
the Republic of Sakha (Yakutia) (indigenous residents [Yakuts
and Evenks]).
Later on, all patients were divided into the following
subgroups: Sub1A (n=134), and Sub2A (n=69) – pregnant
women with CAH; Sub1B (n=242) and Sub2B (n=102) –
pregnant women with PE on the background of CAD. Control
group 1 (CG1) consisted of healthy pregnant women (n=34)
living in the Republic of Dagestan. Control group 2 (CG2)
consisted of healthy pregnant women (n=40) living in the
Republic of Dagestan.
Inclusion criteria: single-child progressing pregnancy,
the presence of CAH confirmed before pregnancy, the
woman’s informed consent for participation in research.
The diagnosis of pregnant women with CAH was made
based on existing national and foreign recommendations that
an increase in SBP ≥140 mmHg and/or DBP ≥90 mmHg
indicates CAH. The program of a patient’s examination
included a survey on a special questionnaire, anthropometric
examination using a standard technique, office blood pressure
(BP) measurement, echocardiography.
BMI was calculated as weight in kilograms divided by
squared height in meters (kg/m2). A BMI of less than 18.5 kg/
m² is considered underweight; normal weight – a BMI of 18.5
kg/m² to 24.9 kg/m²; overweight – a BMI of 25 kg/m² to 29.9
kg/m²; obesity – BMI of≥30 kg/m².
Office BP was measured using a mercury
sphygmomanometer, according to Korotkov’s method. BP was
measured three times, and the means of these measurements
were used in the analyses.
Echocardiography was carried out according
to the recommendations of the American Society of
Echocardiography(15) in M- and B-modes. The following
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parameters were measured and calculated: IVST, LVPWT,
LVEDD, LVESD, EF, LVEDV, LVESV, SV, EF. LVM was
calculated using the formula of R. Devereux and Reichek.(16)
LVMI was calculated as LVM indexed to height2.7, and LVH
was defined as LVMI ≥ 45 g/m2.7 (17) RWT was calculated as 2
times PWT divided by the LV diastolic diameter. Normal RWT
was defined as RWT ≤0.42, and increased RWT was defined
as RWT>0.42.(17) Patterns of the left ventricular structure were
defined as follows: normal (normal LVMI and RWT≤0.42);
concentric remodeling (normal LVMI and RWT>0.42);
eccentric hypertrophy (LVH and RWT≤0.42); and concentric
hypertrophy (LVH and RWT>0.42).(17)
Predicted LVM was calculated using the following
formula: pLVM=55.37+[(6.64×height(m2.7)+(0.64×SW (g-m/
beat)]–(18.07×gender), where SW (stroke work) in grammeters/beat [g-m/beat]) was computed as follows: cuff
SBP×stroke volume×0.0144; female gender coefficient = 2.(18)
The observed/predicted LVM ratio was calculated as
100×(oLVM/pLVM). Participants with an oLVM/pLVM ratio
of >128% were categorized as having “inappropriate” LVM
(iLVM).(19)
Statistical analysis was performed using the statistical
software package SPSS version 19.0 (Armonk, NY: IBM
Corp.). The normality of the distribution of continuous
variables was tested by the one-sample Kolmogorov-Smirnov
test. Baseline characteristics were summarized as frequencies
and percentages for categorical variables and as mean (M) and
standard error of the mean (SEM) for continuous variables.
The Student unpaired t-test was used to compare average
values for data with normal distribution. Mann-Whitney
U test was used to compare means of 2 groups of variables
not normally distributed. Group comparisons with respect
to categorical variables are performed using chi-square test.
A probability value of P≤0.05 was considered statistically
significant.

Results and Discussion
The average age of pregnant women in Croups 1
and 2 did not differ – 33.4±4.6 years and 34.6±5.2 years,
respectively (Table 1). The BMI of pregnant women in
Group 2 was slightly higher than in Group 1. The average
height of pregnant women in Group 2 was slightly lower
than in Group 1. The number of pregnant women with BMI
> 30 kg/m2 in Groups 1 and 2 did not differ, as well as the
number of births.
Table 1.
Main characteristics of pregnant women with CAH
Group 1
(n=376)

Group 2
(n=171)

P-value

34.6±5.2

33.4±4.6

0.85

BMI, kg/m

25.1±6.1

26.7±4.8

0.84

Height, cm

165.4±5.8

156.68±6.2

0.27

2.4±1.1

2.2±1.2

0.86

27(7.2%)

14 (8.2%)

0.68

Variable
Age, yrs
2

Parity (number of births)
BMI >30 kg/m

2

The oLVM/pLVM values in pregnant women of Group 1
are presented in Table 2. In the second and third trimesters, in
Subgroup 1B, the oLVM/pLVM ratio was significantly higher
than in Control group 1 and Subgroup 1A (P<0.05). iLVM was
found in Subgroup 1B in the third trimester.
Table 2.
oLVM/pLVM ratio (%) in pregnant women of Group 1 according to
stages of pregnancy
Trimester

Subgroup 1A Subgroup 1B
CG1
(n=134) [1] (n=242) [2] (n=34)[3]

Statistics

2nd trimester

114.8±2.6

124.8±4.3

P1-2=0.047
100.4±4.5 P1-3=0.006
P2-3=0.00

3rd trimester

118.7±4.3

130.5±3.8

P1-2=0.04
107.3±3.6 P1-3=0.04
P2-3=0.00

The oLVM/pLVM values in pregnant women of Group
2 are presented in Table 3. In the second trimester and the
third trimester, in Subgroup 2B, the oLVM/pLVM ratio was
significantly higher than in Control group 2 and Subgroup
2A (P<0.05). iLVM was found in Subgroup 2B in the third
trimester.
Table 3.
oLVM/pLVM ratio (%) in pregnant women of Group 2 according to
stages of pregnancy
Trimester

Subgroup 2A Subgroup 2B
CG2
(n=69) [1] (n=102) [2] (n=40) [3] Statistics

2nd trimester

116.2±2.2

126.7±4.6

P1-2=0.02
107.3±3.8 P1-3=0.04
P2-3=0.001

3rd trimester

122.7±2.2

135.3±4.2

P1-2=0.00
110.4±3.8 P1-3=0.006
P2-3=0.00

In the meta-analysis performed by De Haas et al.,(20) fortyeight studies were included, with publication dates ranging
from 1977 to 2016. The authors found that during normotensive
pregnancy, most cardiac geometric indices change from the
second trimester onwards (LVM and RWT increase by 20%
and 10%, respectively, that consistent with concentric rather
than eccentric remodeling). A more remarkable change in LVM
(95% increase from reference) and RWT (56% increase from
reference data) occurs during hypertensive pregnancy.
The introduction of the oLVM/pLVM ratio, which
allows us to differentiate the risk group for severe hypertension
and PE with an indicator “>128%,” showing the presence
of iLVM, regardless of the LVH type, seems optimal when
examining women with CAH. Patterns of the left ventricular
structure in pregnant women with hypertensive disorders in
various ethnic populations are presented in Table 4.
The frequency of LV remodeling in pregnant women of
Subgroups 1 A and 2A in the second and third trimesters did
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not differ significantly. In Subgroup 1B, the frequency of cLVH
was higher in the third trimester (42.6%) than in the second
trimester (26.9%) (P=0.000). Moreover, in the third trimester,
the frequency of cLVH was significantly higher in Subgroup 1B
than in Subgroup 2B (42.6% and 29.4%, respectively, P=0.022).
At the same time, in the third trimester, the frequency of LVCR
was significantly higher in Subgroup 2B than in Subgroup 1B
(56.9% and 44.2%, respectively, P=0.032). It is important to
note that in the second trimester in Subgroup 1B, the frequency
of LVCR was higher than in Subgroup 1A: 50% and 38.1%,
respectively, P=0.026). By the third trimester, the severity of LV
remodeling has increased significantly in Subgroup 1B. Thus, in
Subgroup 1B, the frequency of c LVH reached 42.6% compared
to 31.3% in Subgroup 1A (P=0.03). In Subgroup 2B, in the third
trimester, the frequency of LVCR was slightly higher than in
Subgroup 2A (56.9% and 43.5%, respectively, P=0.08).
Table 4.
Patterns of the left ventricular structure in pregnant women with
hypertensive disorders in various ethnic groups

Subgroup 1A

%
abs
%

134

Normal
geometry

CRLV

eLVH

cLVH

69

cLVH

abs

eLVH

Subgroup 2A

n

CRLV

Group

3rd trimester

Normal
geometry

2nd trimester

13

31

5

20

13

30

0

26

18.8 44.9 7.2 29.0 18.8 43.5 0.0 37.7
33

51

9

41

23

62

7

42

24.6 38.1 6.7 30.6 17.2 46.3 5.2 31.3

P-value

NS

NS NS NS NS

NS NS NS

abs

20

49

58

Subgroup 2B
Subgroup 1B

%
abs
%

102
242

0

56

121

0

NS

NS

-

CG2

31

4

5

CG1

abs
%

34

0

30

65

32

107

0

103

23.1 50.0 0.0 26.9 13.2 44.2 0.0 42.6

abs
%

14

19.6 48.0 0.0 32.4 13.7 56.9 0.0 29.4

P-value
40

33

NS NS 0.032 - 0.022
0

26

0

14

0

77.5 10.0 12.5 0.0 65.0 0.0 35.0 0.0
28

0

6

0

26

0

8

0

82.4 0.0 17.6 0.0 76.5 0.0 23.5 0.0

It should be noted that the incidence of cLVH in both
ethnic samples was higher than that of other authors in foreign
sources.(14) probably due to late seeking medical care and
delayed hypertensive therapy. This fact is probably due to the
high frequency of delayed hypotensive therapy in our samples.
Variants of LV geometric types in Control groups 1 and
2 did not practically differ. Conclusions about the adverse
effect of abnormal LV geometry on the prognosis of arterial
hypertension and hypertension-related pregnancy prevail in
cLVH.(21-24)
According to Mureddu et al.,(25) iLVM is associated with
concentric geometry, high peripheral resistance, and depressed
wall mechanics. Several studies have shown that the deviation
of LVM from the value appropriate for stroke work, body
size, and sex correlates with measures of myocardial function
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better than LVM.(25-29) iLVM in the indigenous women of the
Yakutia population indicated a better informative value of this
parameter than the type of LV geometry in assessing the nature
of adaptation of the heart muscle to stress. These differences
might be related to the anthropometric measurement between
the Caucasian and Mongoloid populations.(30,31)
The indigenous women of Yakutia are characterized
by typical features inherent in the northern adaptive type –
a short body length with a relatively high body density, a
stocky physique with well-developed musculoskeletal mass,
increased waist and hip circumference.(5) Such characteristics
represent the result of adaptation to the harsh climatic and
geographical conditions of living in the North.(32) These living
conditions predetermine the prevalence of iLVM and LVCR in
pregnant northerners with CAH.
The peculiarities in LV remodeling of pregnant women
living in different regions of the Republic of Dagestan consist
in adaptation to hypoxia conditions of women living in the
mountainous areas.(33) A more common type of LV remodeling
in pregnant women with CAH in conditions of high-altitude
hypoxia is also LVCR, which transforms into cLVH by the third
trimester in pregnant women with PE on the background of CAH.

Conclusion
The study of the type of LV geometry and the
appropriateness of LVM allows us to clarify the degree of LV
damage in hypertension-related pregnancy. iLVM in pregnant
women with CAH appears to be a predictor of the development
of PE. The revealed changes in the LV structure—LVCR and
cLVH—are more significant in PE on the background of CAH.
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Abstract
Background: Accurate fetal weight estimations by ultrasound are essential in determining the method and time of delivery.
Hadlock formulas have been proposed for providing fetal weight estimations, including Hadlock 1, Hadlock 2, Hadlock 3, and
Hadlock 4. Because none of the formulas have been verified, it is unknown which one can be best applied to the Saudi population.
This study aims to determine the validity of the Hadlock formula 1 for EFW by using ultrasonography.
Methods and Results: The study sample was 198 women with singleton pregnancies with gestational ages between 37
and 41 weeks, admitted for ultrasound evaluation. The FW was estimated by ultrasound using the Hadlock formula 1. After the
ultrasound EFW, we followed up with the pregnant women within three days (from ultrasound scan to delivery date) and measured
actual BW. The study found that the mean BW was 3179±387 g, ranging from 2500 g to 4290 g. The mean ultrasound EFW was
3055±378 g, ranging from 2500 g to 4100 g. The difference between the mean ultrasound EFW and actual BW (123.81±107.95 g)
was significant (P=0.0014).The formula for prediction of birth weight is BW=0.9831EFW by ultrasound±175.55g. In addition, a
significantly positive correlation was found between ultrasound EFW and BW (r=0.961, P=0.000).
Conclusion: The significantly positive correlation between EFW by ultrasound and BW indicates that the Hadlock formula
1 for predicting FW is accurate, valid, and effective in the research environment.(International Journal of Biomedicine.
2022;12(1):43-48.)
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Introduction
Birth weight (BW) is an important determinant of
newborn survival.(1,2) Therefore, weight assessment is an
essential aspect of antenatal care utilized in labor, delivery,
growth monitoring, and managing high-risk pregnancies.(1) An
accurate estimation of fetal weight (FW) is beneficial in late
pregnancy because it helps obstetricians with providing labor
management and determining the mode of delivery. Because
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of the possible difficulties from low and high fetal BW during
labor and the puerperium, it is often necessary to accurately
evaluate prenatal FW. Intrauterine growth restriction, preterm
delivery or both are responsible for the increased perinatal
morbidity and mortality associated with low BW. Shoulder
dystocia, bone injuries, brachial plexus injury, and intrapartum
hypoxia are among the potential problems of vaginal delivery
for overly large fetuses. Thus, there is a significant concern
for the mother’s health, including her birth canal and pelvic
floor.(3,4)
Leopold techniques and ultrasonography are the most
common methods for predicting FW.(5,6) However, clinical
EFW has been demonstrated to predict BW accurately. Baum
et al.(7) found no significant difference between clinical and
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sonographic EFW; 64% and 62.5% of the estimates were
within 10% of the actual BW, respectively. In both term and
postdate newborns, the clinical and ultrasound estimations of
maternal EFW were the same. Clinical EFW, according to some
experts, is more accurate than ultrasound EFW.(8) However, the
accuracy of using several ultrasound parameters to estimate
FW is receiving more attention; Shepard, Hadlock, Campbell
S, and Nahum GG, among others, have developed several
formulas and equations for predicting FW.(9-12) Ultrasound
EFW is relatively accurate, with a 1%–5% margin of error.
Although some researchers believe sonographic estimations
are superior to clinical estimates, others have found that the
two procedures provide equivalent levels of accuracy. This
study aims to determine the validity of the Hadlock formula 1
for EFW by using ultrasonography.

Materials and Methods
This prospective, cross-sectional, nonintervention,
comparative descriptive study was carried out over 36 months
from June 2019 to June 2021 at the Obstetrics and Gynecology
Hospital, El-mahala Aseer region, Abha.
The study sample was 198 women with singleton
pregnancies with gestational ages between 37 and 41 weeks,
admitted for ultrasound evaluation. The participants were
randomly selected from a group of antenatal care with accurate
menstrual dates. Pregnant women with medical conditions that
might affect FW, multiple pregnancies or fetal chromosomal or
congenital anomalies were excluded. The FW was estimated
by ultrasound using the Hadlock formula 1, which was set
into the ultrasound equipment by the radiology unit. After the
ultrasound EFW, we followed up with the pregnant women
within three days (from ultrasound scan to delivery date) and
measured actual BW.
Index Tests
We approached women with singleton pregnancies and
sought and received their informed consent to participate in
this study. After that, the participants were initially given a
routine sonographic evaluation, performed following the
practice guidelines for the performance of obstetric ultrasound
examinations of the American Institute of Ultrasound in
Medicine (AIUM).(13) The scan was performed in a dimly
lit room to minimize the screen’s reflected artifact, with
the participants in a supine position and a sonic coupling
agent applied to their abdomen. Next, a simple sweep of
the transducer was conducted up, down, and across their
abdomen to get a rough sense of the uterine contents before
focusing on specific areas of interest. The participants were
closely observed to catch any agitation, shortness of breath or
dizziness due to inferior vena cava compression by the gravid
uterus. Participants who exhibited these symptoms were rolled
onto their sides until these symptoms disappeared, after which
they were moved back to the supine position, and the scan
was completed. A based scan of gross anatomic abnormalities
and maternal pelvis for masses was conducted after getting
a rough sense of the fetus’ position within the uterus, fetal
heartbeat, placenta localization, liquor, and gestational age.
After evaluating the pregnancy, the EFW was identified by

measuring the femur length (FL), head circumference (HC),
and abdominal circumference (AC) using internal electronic
calibers. The results were presented in centimeters (cm).
Femur Length Measurement
FL was obtained from the longest longitudinal and
coronal section of the femoral diaphysis. In the coronal plane,
the lateral surface of the near side femur and the medial
surface of the far side femur were imaged, while in a sagittal
scan, the anterior or posterior surfaces of the femur were
imaged depending on the direction of the sound beam with
respect to the femur. In most cases, the iliac bone was used as
a reference point, rotating the transducer until the longest FL
was recognized. Next, the calipers were positioned, and the
end-to-end length of the diaphysis was measured, excluding
any ossified portion of the femoral neck, head, and distal or
proximal epiphyses.
Abdominal Circumference Measurement
AC was obtained after determining the lie of the fetus
and the orientation of the fetal spine’s long axis. Next, the
transducer was quickly rotated, and the image was frozen for
AC measurement. From the true axial section of the fetus’
upper abdomen at the level of the umbilical vein, left portal
vein, and portal sinus confluence, the AC was measured
using electronic calibers by tracing the outer edge of the fetal
abdomen (skin/amniotic fluid interface).
Head Circumference Measurement
HC was measured on the same plane as biparietal diameter
(BPD)—axial plane—that traverses the thalami and cavum
septum pellucidum. The transducer must be perpendicular
to the central axis of the head, and the hemispheres and
calvaria should appear symmetric. In addition, the cerebellar
hemispheres should not be in the image plane, or the probe
will be too cauda and give an inaccurate size of the fetal head.
Statistical analysis was performed using the standard
Statistical Package for the Social Sciences (IBM SPSS
Statistics for Windows, Version 21.0. Armonk, NY: IBM
Corp). Continuous variables were presented as mean±standard
deviation (SD). A probability value of P<0.05 was considered
statistically significant.

Results
A total of 198 women with singleton pregnancies aged
15 to 56 years were studied over six months. Their average age
was 32.6 years; height range was 146–158 cm; weight range
was 45–132 kg; BMI was 17.63–9.08 kg/cm2, and fetal age
was 37–41 weeks with a mean of 38 weeks and four days. The
interval between ultrasound scanning and delivery date was
0–3 days. The study found that the mean BW was 3179±387g,
ranging from 2500g to 4290g. The mean ultrasound EFW
was 3055±378g, ranging from 2500g to 4100g (Table 1). The
difference between the mean ultrasound EFW and actual BW
(123.81±107.95g) was significant (P=0.0014) in a pairedtest, with a significantly positive correlation between BW and
EFW (r=0.961, P=0.000) (Tables 1 and 2).
The study predicts the BW depending on EFW and
found that actual BW=0.9831EFW±175.55g, with strong
power for prediction (R2=0.923) (Table 3, Figure 1).
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Table 1.
Mean and standard deviation, range and correlation between
maternal factors and EFW, BW
P-value for r
Variables

n

Mean ± SD

Range

EFW
by US

BW

Furthermore, the Wilcoxon signed-ranked test showed
that in the 50th percentile, the ultrasound EFW was 3000g, while
BW was 3100g, with a z-score of -10.73 based on negative rank
(P<0.001) (Table 4).
Table 4.
Wilcoxon Signed-Ranks Test to assess the correlation between BW
and EFW by US

15-56

0.013

0.026

Height, cm

159.64±7.092

146-185

0.000

0.001

Weight, kg

73.05±13.469

45-132

0.760

0.904

17.63-49.08 0.057

0.10

EFW198 2500.00 4100.00 2800.00 3000.00 3212.500 -10.730b0.000

0.000

0.000

BW 198 2500.00 4290.00 2900.00 3100.00 3425.00

--

0.000

BMI, kg/cm2

28.77±5.62
198

Fetal age, weeks

38.51±1.12

37-41

EFW at US, g

3055.99±378.80 2500-4100

BW, g

3179.80±387.67 2500-4290 0.000

--

Table 2.
Pair sample t-test for compare the mean difference between actual
BW and US EFW

Mean

SD

95% CI of
Std. the Difference
Error
Mean
Lower Upper

t

df

r

Sig.
(2-tailed)

Variables

Paired Differences

BW – 123.81 107.95 7.67225 108.68 138.94 16.138 197 0.961 .000
EFW

Fig.1
Table 3.
Prediction of BW depending on ultrasound EFW (regression analysis)
Unstandardized coefficients

1

B

Std. Error

(Constant)

175.554

62.573

EFW

.983

.020

a. Dependent Variable: BW

.961

Maximum

Minimum

50th
25th (Median)

75th

Z score

For the comparison study, three accuracy measures were
used to analyze the number of estimates within ±10% of BW,
the results showed that the overall mean percentage error was
-3.85%, and the overall mean absolute error was 123.81 g
(Table 5, Figures 2 and 3).
Table 5.
Mean absolute and percentage errors between ultrasound and birth
weight
Birth weight Stratum
overall
Mean absolute error
Mean percentage error

123.81±107.95 (Std. Error 7.76)
-3.85±3.45 (Std. Error 0.24)

Error of estimation

Ultrasound EFW

26.92 for US EFW, 27.55 for BW

Correlation
0.961*
Fetal weight grouping depending on ultrasound
2500 ≤ 3000 g (112 fetus)
Mean absolute error
127.94±114.61(Std. Error 10.83)
Mean percentage error
-4.26±3.85 (Std. Error 0.36)
Error of estimation
13.18 for US EFW, 16.11 for BW
3001≤ 3500 g (57 fetus)
Mean absolute error
123.33±107.81(Std. Error 14.27)
Mean percentage error
-3.58±3.06 (Std. Error 0.40)
Error of estimation
18.04 for US EFW, 24.67 for BW
3501≥4000 g (24 fetus)
Mean absolute error
104.79±85.83(Std. Error 17.52)
Mean percentage error
-2.71±2.23 (Std. Error 0.45)
Error of estimation
27.99 for US EFW, 32.40 for BW
More than 4000 g (5 fetus)
Mean absolute error
128.00±40.86(Std. Error 18.27)
Mean percentage error
-3.02±0.93 (Std. Error 0.41)
Error of estimation
0.00 for US EFW, 18.27 for BW

Standardized coefficients
Beta

n

Percentiles

Sig.
(2-tailed)

32.63±8.609

Variables

Maternal age, yrs

t

Sig.

r

R2

Std. Error of
the Estimate

2.806

.006

0.961

0.923

108.04205

48.377

.000
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The Bland-Altman plot showed a strong level of
agreement between EFW and BW. The lower limit of the
estimate was -87.8, and the upper limit was 335.4. Only a
minimal number of estimated cases lie outside the upper and
lower agreement limits, showing that ultrasound EFW is a
strong predictor of BW (Table 6, Figure 4)

Discussion

Fig.2.

Fig.3.
Table 6.
Bland–Altman plots test to assess the level of agreement between
EFW by ultrasound and BW
Bland-Altman
95% Confidence Interval
Estimate

Lower

Upper

Bias ( n = 198 )

123.8

109

138.9

Lower limit of
agreement

-87.8

-114

-61.9

Fig.4.

Low and excessive FW and intrauterine growth
restriction during labor and the puerperium can result in
perinatal morbidity, mortality, and long-term neurologic
developmental disorders. Therefore, an accurate prediction
of antenatal FW is essential to reducing the risk of perinatal
morbidity, mortality, and long-term neurologic developmental
disorders. In obstetrics, accurate FW prediction is of great
concern. Because FW cannot be directly measured, it is
calculated based on the fetus and its mother‘s physical features.
Ultrasonographic methods are the most widely used of the
various techniques, but only a few studies have examined the
accuracy of ultrasonic measures in predicting FW to determine
the optimum formula. The accuracy of ultrasound EFW has
increased in the past decade, with recent studies consistently
producing random errors below 10%. The accuracy of these
measurements is attributable to the incorporated parameters.
The Hadlock formula 1 is still the most reliable regression
method and produces the fewest random errors.(13). We found
a significantly positive correlation between ultrasound
EFW and BW (r=0 .961, P<0.001). The study also found a
significant linear relationship between ultrasound EFW and
BW (R2=0.923). This is consistent with the data of Njoku
et al.,(14) who found a positive linear correlation between
ultrasound EFW and BW (R2=0.7646). The results showed that
the overall mean percentage error was -3.85%, and the overall
mean absolute error was 123.81 g. In Njoku et al.,(14) the mean
percentage error was -3.1% and the overall mean absolute error
was 123.61 g. Our study results differ slightly from Okafor et
al.,(15) who studied 170 Nigerian pregnant women, with 0–2
days’ time intervals between ultrasound scan and delivery by
using the Hadlock formula 3 to estimate FW. They found that
the mean BW was 3.47±0.47 kg, while the mean EFW was
3.43±0.8 kg. A positive correlation was found between the
ultrasound EFW and the actual BW (r=0.75, P=0.04), with a
mean error of 41.17 g and a mean absolute error of 258.22 g.
Our findings are consistent with those by Basha et
al.,(16) who used the Hadlock formula 1 for EFW for pregnant
Jordanian women. They yielded acceptable results in terms of
actual neonatal weight at birth; additionally, Donma et al.(17)
found that Hadlock’s ultrasound estimations are superior to
Shepard and Nahum’s equation.
Furthermore, there is a significant association between
the ultrasound EFW and BW with maternal age and height
but no significant link between maternal weight and BMI in
ultrasound EFW and BW. Many studies have independently
confirmed the relationship between an offspring’s BW and
their adult weight. There is an agreement between this study
and a previous one (18) that used the fetal development charts
from the World Health Organization for which maternal
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height and age had a significant effect on fetal growth. In
contrast, we found that BMI and maternal weight have no
significant effect on EFW and BW..(13,14,19) The Bland-Altman
plot showed a strong level of agreement between EFW and
BW. The lower limit of the estimate was -87.8, and the upper
limit was 335.4 (95% agreement limit). Another study found
that the bias was -85.06g. Eze et al.(20) also found strong
agreement between EFW by ultrasound and BW. Consistently,
our findings agree with a study conducted in Nigeria in which
EFW was measured in 282 women with singleton pregnancies
by using Hadlock formula 3 in the Bland-Altman plot.(20,21) In
that study, a Wilcoxon signed-ranked test showed that in the
50th percentile, the ultrasound EFW was 3000g, while the BW
was 3100 g, with a z-score of -10.73 based on a negative rank
(P<0.001).
Except for sharing nutrition and access to private health
care, there are differences in the habits and lifestyles of
different groups in Saudi Arabia. Yet nearly all Saudi Arabian
women in the Aseer region do not smoke, drink alcohol, or use
hazardous chemicals. Despite multiple studies that have found
a correlation between social factors and BW, there are differing
perspectives on why this is true. Other factors could include
differences in the quality and amount of medical treatment,
food, housing conditions, social support and unemployment,
and some women may have greater exposure to dangerous
chemicals or increased risk of infectious disease. However,
more research is needed to improve FW accuracy, ascertain
if EFW near delivery improves outcomes, and determine how
applicable these methods are to situations that affect BW, such
as premature rupture of membranes and obesity, which were
not included in the current study.

Conclusion
The significantly positive correlation between EFW by
ultrasound and BW indicates that the Hadlock formula 1 for
predicting FW is accurate, valid, and effective in the research
environment.
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Abstract
Background: Treatment of isolated and combined open soft tissue wounds remains relevant due to the growth of severe
injuries, comorbid pathologies, and immunosuppressive conditions, along with a decrease in antibiotic sensitivity of microorganisms.
The aim of this study was to compare the effectiveness of the jet oxygen-sorption treatment (JOST) and flow sorption debridement
techniques (FSDT) in the therapy of experimental soft tissue wounds.
Methods and Results: The effectiveness of the JOST and FSDT was compared in 2 series of experiments on 288 laboratory
Wistar rats with simulated soft tissue wounds. Series 1 (S1) involved 144 animals divided into 2 control groups (CG) and 2
experimental groups (EG); the effectiveness of the developed techniques for the aseptic wound treatment was studied in these
groups of animals. Series 2 (S2) involved 144 animals divided into 2 CGs and 2 EGs; in S2, purulent soft tissue wounds were
studied. The effectiveness of the developed techniques in the complex treatment of experimental wounds was assessed immediately,
on Days 1, 3, 5, 7 and 10 after simulating the pathological process. The assessment included the animals’ condition, the dynamics
of the course of reparative processes (local symptoms of inflammation; granulation; epithelialization of wounds; and size and
dynamics of the area of the
 defect), and histological research methods.
The use of the JOST has practically no benefits in aseptic wound treatment, compared to FSDT. The use of the JOST
and FSDT contributed to a significant acceleration of healing process in aseptic wounds that was expressed in the decreased
local inflammatory reactions, higher activity of metabolic processes based on the dynamics of RNA and SH-groups. The most
pronounced positive dynamics in the treatment of purulent wounds was observed when applying FSDT. Compared with the
findings obtained in CG1-S2, FSDT contributed to a reduction in necrolysis termination by 25.7%, fibrinolysis - by 25.5%,
granulation - by 20.0%, epithelization - by 18.9%, wound discharge - by 27.8%.
Conclusion: The developed technique of FSDT in the complex treatment of soft tissue wounds provides the most pronounced
positive dynamics, accelerates reparative tissue processes, and reduces the duration of wound cleansing and healing for both
aseptic and purulent wounds.(International Journal of Biomedicine. 2022;12(1):49-54.)
Key Words: soft tissue wounds • jet oxygen-sorption treatment • flow sorption debridement techniques
For citation: Ostroushko AP, Glukhov AA, Andreev AA, Vecherkin VA, Shishkina VV, Laptiyova AYu, Lobas SV, Sazhnev DI,
Shmarin AA, Mikulich EV, Boyev SN. Flow Sorption Debridement of Aseptic and Purulent Soft Tissue Wounds. International
Journal of Biomedicine. 2022;12(1):49-54. doi:10.21103/Article12(1)_OA6

Introduction
Treatment of isolated and combined open soft tissue
wounds remains relevant due to the growth of severe

injuries, comorbid pathologies, and immunosuppressive
conditions, along with a decrease in antibiotic sensitivity
of microorganisms.(1-4) The development of surgical wound
infection significantly aggravates the course of pathology;
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its complications account for one-third of deaths in the
postoperative period. Suppression of inflammation, prevention
or reduction of bacterial contamination and oxidative stress are
of great importance in local wound treatment. In this regard,
the use of sorbents has proved to be highly effective.
Novel materials, techniques and devices are constantly
being introduced into surgical practice to advance clinical
outcomes of this group of patients, but their effectiveness is
still not adequate. Effects based on the use of oxygen therapy
and sorbents that potentiate the repair of tissue defects have
proven appropriate in various areas of medicine.(5-9)
The aim of the study was to compare the effectiveness
of the jet oxygen-sorption treatment (JOST) and flow sorption
debridement techniques (FSDT) in the therapy of experimental
soft tissue wounds.

Materials and Methods
The JOST and FSDT were applied using an original
device consisting of a nozzle, mixing chambers in series,
containers for powdered drugs, a gas flow switch and a gas
pressure regulator, and a system of silicone tubes (Fig.1).
Sources of oxygen, carbon dioxide or sterile air can be used to
create a sorption-gas suspension.

process was performed using St. aureus), higher safety of
the technique applied. The FSDT is crucially different from
the JOST technique by the possibility of using a gas sorption
mixture depending on the nature of the microflora(anaerobes
or aerobes), i.e., the possibility of using oxygen, carbon
dioxide, or air.
The effectiveness of the JOST and FSDT was compared
in 2 series of experiments on 288 laboratory Wistar rats with
simulated soft tissue wounds. Series 1 (S1) involved 144
animals divided into 2 control groups (CG) and 2 experimental
groups (EG); the effectiveness of the developed techniques
for the aseptic wound treatment was studied in these groups
of animals. Series 2 (S2) involved 144 animals divided into
2 CGs and 2 EGs; in S2, purulent soft tissue wounds were
studied (Table 1).
Table 1.
Characteristics of the subgroups in Series 1 and 2 of experiments
of
Subgroup Number
animals

Brief description of the study groups

Series 1 / aseptic wounds
CG1-S1

36

No treatment

CG2-S1

36

Applications of atoxyl on the wound surface

EG1-S1

36

JOST using atoxyl

EG2-S1

36

FSDT using atoxyl
Series 2 / purulent wounds

Fig. 1. Scheme of the device for FSDT
1 – Body frame of the device, 2 – Adapter, 3 – Nozzle for directing
the outgoing flow, 4 - Containers for powdered drugs, 5 –
Connecting collar, 6 - Mixing chambers, 7 – Gas sources, 8 – Gas
pressure regulator, 9 – System of silicone tubes, 10 - Hose, 11 Gas flow switch, 12 - Valves that regulate the supply of drugs, 13
- Imaginary horizontal axis around which the body of the device
(1) is rotated by 1800.

The JOST technique included 3 successive stages of
wound surface therapy by using:
(a) a dispersed flow of physiological solution - a
special device UGOR-1M;
(b) an oxygen flow (a pressure of 6 atm) - a special
device for the flow sorption debridement technique;
(c) a suspension of atoxyl in oxygen until a uniform
layer covering the wound was formed - a special device for
the flow sorption debridement technique.
The FSDT was also performed in 3 successive stages,
but instead of oxygen, carbon dioxide was used (a pressure
of 6 atm); this was due to the absence of signs of anaerobic
infection in purulent wounds (simulation of the wound

CG1-S2

36

No treatment

CG2-S2

36

Applications of atoxyl on the wound surface

EG1-S2

36

JOST using atoxyl

EG2-S2

36

FSDT using atoxyl

In animals of CG1-S1 and CG1-S2, no wound treatment
was performed, the natural course of the wound process was
studied. In the remaining groups, wound dressings were
performed daily. In animals of CG2-S1 and CG2-S2, atoxyl
was additionally applied on the wound surface. In animals of
EG1-S1 and EG1-S2, the JOST using atoxyl was performed.
In animals of EG2-S1 and EG2-S2, the FSDT using atoxyl
was performed. The described procedures were performed in
both series of experiments daily until the wound closed.
The atoxyl preparation applied in the study is a superfinely dispersed enterosorbent of the fourth generation with
wound healing, antimicrobial, bacteriostatic, and detoxifying
effects, recommended for external use in the complex
treatment of purulent wounds, trophic ulcers, and burns. The
preparation has no effect of reverse sorption.
All procedures with animals were performed under
general anesthesia (Zoletil-100) in compliance with sterility.
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In the S1, wound simulation included skin shaving in
the wither area followed by its excision with a superficial
fascia 1.5cm in diameter, according to the established
pattern. After meticulous hemostasis, the resulting defect
was abundantly washed with a sterile solution. The aseptic
wound was formed.
In S2, a suspension of St. aureus (109 microns/ml) was
introduced into the wound after simulation, and the wound
was closed. Three days after wound contamination, the sutures
were removed, the wound edges were separated. In all animals,
there were signs of a pronounced inflammatory reaction and
the purulent wound was formed.
The effectiveness of the developed techniques in the
complex treatment of experimental wounds was assessed
immediately, on Days 1, 3, 5, 7 and 10 after simulating
the pathological process. The assessment included the
animals’ condition, the dynamics of the course of reparative
processes (local symptoms of inflammation; granulation;
epithelialization of wounds; and size and dynamics of the area
of the defect), and histological research methods.
Statistical analysis was performed using the
Statistica 6.1 software package (Stat-Soft Inc., USA). The
normality of distribution of continuous variables was tested
by the Kolmogorov-Smirnov test with the Lilliefors correction
and Shapiro-Wilk test. For descriptive analysis, results are
presented as mean±standard deviation (SD). For data with
normal distribution, inter-group comparisons were performed
using Student’s t-test. Mann-Whitney U test and Wilcoxon
criterion were used to compare means of variables not
normally distributed. Spearman’s rank correlation coefficient
was calculated to measure the strength and direction of the
relationship between two variables. A probability value of
P<0.05 was considered statistically significant.
Work on the animals was done in compliance with the
principles of the Helsinki Declaration on the humane treatment
of animals, stated in normative documents of the European
community(86/609/EU), Manual on Experimental (Preclinical)
Study of New Pharmacological Substances, and “Good
laboratory practice” (MHRF Order No. 708н dated 23.08.2010).

Wound exudate decreased in 3.50±0.36 days in CG1-S1.
In CG2-S1, EG1-S1, EG2-S1, wound exudate decreased
most rapidly in CG1-S1 – by 22.3%, 71.1%, and 70.9%,
respectively.
Table 2.
Terms for relief of local signs of inflammation in the study
subgroups, days
Sign

Series 1

Series 2

CG1 CG2 EG1 EG2 CG1 CG2 EG1 EG2
Edema

3.25± 2.81± 2.48± 2.48± 3.91± 3.50± 3.43± 3.41±
0.27 0.32 0.41* 0.32* 0.20 0.20* 0.20* 0.20*

Hyperemia

2.87± 2.71± 2.31± 2.37± 3.88± 3.32± 3.15± 3.14±
0.46 0.30 0.55 0.30 0.21 0.20* 0.20* 0.20*

Wound exudates/ 3.50± 2.72± 2.45± 2.48± 6.28± 5.46± 4.73± 4.54±
discharge 1
0.36 0.34 0.31* 0.31* 0.32 0.43 0.39* 0.38*
1
– Reduction of the amount to scant discharge; * P<0.05 - compared
with CG1

In the S2, the amount of wound discharge decreased
in 6.28±0.32 days in CG1-S2. In CG2-S2, EG1-S2, EG2-S2,
wound discharge decreased most rapidly in CG1-S2 – by
13.1%, 24.7%, and 27.8%, respectively.
Table 3.
Detection of the signs of the wound process in Series 2 of experiments,
days
Sign

CG1-S2

CG2-S2

EG1-S2

EG2-S2

Necrolysis

3.5±0.2

3.3±0.2

2.7±0.2*

2.6±0.2*

Fibrinolysis

5.1±0.3

4.8±0.3

3.9±0.2*

3.8±0.2*

Results

Granulation

3.5±0.3

3.3±0.2

3.0±0.2*

2.8±0.2*

The peri-wound edema was arrested most rapidly in
CG2-S1, compared to CG1-S1, by 13.6% (Table 2). In EG1-S1
and EG2-S1, the elimination of peri-wound edema was found
in 2.48±0.41 and 2.48±0.32 days after injury, respectively. In
CG1-S2 and CG2-S2, peri-wound edema was eliminated in
3.91±0.20 and 3.50±0.20 days, respectively; in EG1-S2 and
EG2-S2 – 3.43±0.20 and 3.41±0.20 days, respectively.
Experimental hyperemia of the paravual area was
eliminated faster in CG2-S1 than in CG1-S1 by 5.6%. The
use of the JOST in the complex treatment of aseptic wounds
resulted in the relief of experiments hyperemia in 2.31±0.55
days after injury in EG1-S1 and in 2.37± 0.30 days after
injury in EG2-S1. In CG1-S2, experiments hyperemia was
eliminated in 3.88±0.21 days. In CG2-S2, EG1-S2, EG2-S2,
hyperemia was reduced most rapidly, more than in CG1-S2 –
by 14.5%, 18.9%, and 19.1%, respectively.

Epithelialization

5.3±0.3

5.0±0.3

4.5±0.3*

4.3±0.3*

– P<0.05 compared with CG1

*

Necrolysis duration of 3.5±0.2 days was found in
CG2-S2 and was shorter by 5.8% in CG2-S2, 22.9% in
EG1-S2, and 25.7% in EC2-S2 (Table 3).
Fibrinolysis was observed in 5.1±0.3 days in CG1-S1
and was found earlier by 5.9% in CG2-S2, 23.2% in EG1-S2,
and 25.5% in EG2-S2.
Granulations appeared within 3.5±0.3 days in CG1-S2,
faster by 5.8% in CG2-S2, 14.3% in EG1-S2, and 20.0% in
EG2-S2.
Epithelialization was noted in 5.3±0.3 days in CG1-S2
and was faster by 5.7% in CG2-S2, 15.1% in EG1-S2, and
18.9% in EG2-S2.
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Table 4.
Dynamics of RNA and SH-groups in Series 1 of experiments,
relative units (U)
Subgroup

Day 1

Day 3

Day 7

Day 10

RNA level
CG1-S1

0.23±0.01 0.27±0.01* 0.30±0.02* 0.30±0.02*

CG2-S1

0.24±0.01 0.26±0.01* 0.32±0.02*^ 0.33±0.02*^

EG1-S1

0.26±0.01

0.28±0.01

0.32±0.02

0.34±0.02

EG2-S1

0.26±0.01

0.27±0.01

0.33±0.02

0.35±0.02

SH-group level
CG1-S1

0.26±0.01

0.27±0.01

0.28±0.02

0.27±0.01

CG2-S1

0.27±0.02

0.27±0.02

0.29±0.01

0.28±0.02

EG1-S1

0.28±0.02

0.28±0.02

0.34±0.02

0.30±0.02

EG2-S1

0.26±0.02

0.28±0.02

0.33±0.02

0.29±0.01

P<0.05 - compared to Day 1; ^P<0.05 - compared to CG1-S1.

*

In the S1, the highest RNA level (0.23±0.01U) was
detected in the growth plate in CG1-S1 on Day 1, demonstrating
the severity of metabolic processes in this area (Table 4).
The level of SH-groups on Day 1 prevailed in the more
superficial layers and was more pronounced in the intact
epithelium. The level of SH-groups in the germ layer was
0.26±0.01U. On Day 3, the RNA level increased in deeper layers
of the epidermis in CG1-S1; the perinuclear accumulation
of RNA was rarely observed. On Day 5, the distribution of
SH-groups in the epidermis was practically equal to findings
obtained on Day 3. In CG1-S1, on Days 7 and 10, a further
increase in the intensity of metabolic processes was observed
in the damage zone in GC1-S1; this was supported by an
increase in the levels of RNA and SH-group up to 0.30±0.02U
and 0.28±0.02U by Day 7 and 0.30±0.02U and 0.27±0.01U by
Day 10, respectively.
In CG2-S1, on Day 1, moderate basophilia with a
pronounced reaction was revealed in the growth plate.
The levels of RNA and SH-groups were 0.24±0.01U and
0.27±0.02U, respectively. On Day 3, we found an increase in
the RNA level up to 0.26±0.01U and stabilization of SH-group
parameters (0.27±0.02U). On Day 7, the RNA level increased
up to 0.32±0.02U in CG2-S1. SH-groups were determined
mainly in the surface layers of the defect (0.29±0.01U), which
could be evidence of epithelium keratinization. On Day10,
the levels of RNA and SH-groups were 0.33±0.02U and
0.28±0.02U, respectively.
In EG1-S1, on Day 1, the levels of RNA and SHgroups were 0.26±0.01U and 0.28±0.02U, respectively. On
Day 3, the RNA level increased to 0.28±0.01U, and the level
of SH-groups was stabilized. On Days 7 and 10, we found

a further increase in the RNA level up to 0.32±0.02U and
0.34±0.02U, SH-groups up to 0.29±0.01U and 0.28±0.02U,
respectively.
In EG2-S1, on Day 1, the levels of RNA and SH-groups
were 0.26±0.01U and 0.26±0.02U, respectively. The growth
of SH-groups demonstrated progression in the processes of
epithelial cell regeneration. On Day 3, the levels of RNA
and SH-groups increased up to 0.27±0.01U and 0.28±0.02U,
respectively, being accompanied by regeneration of the
skin surface. On Days 7 and 10, at the end of the defect
epithelialization, the RNA levels reached 0.33±0.02U and
0.35±0.02U, respectively, SH-groups – 0.33±0.02U and
0.29±0.02U, respectively.
In the S2, we analyzed values of alkaline phosphatase
(ALP) as a marker of the duration of wound process and the
maturation of granulation tissue (Table 5). In CG1-S2, on
Day 1 of the experiment, the ALP level was 27.3±2.3U and
increased up to 42.5±2.5U by Day 7. Similar dynamics was
noted in CG2-S2; however, on Days 1, 3, 5, and 7, the ALP
was higher than in CG1-S2 by 34.5%, 25.1%, 26.4%, and
21.5%, respectively. The most pronounced dynamics in the
ALP level was observed in animals of EG1-S2 and EG2-S2
(Day 1 - 50.3±2.6U and 52.5±2.6U, respectively; Day 3 57.7±2.7U and 58.1±3.1U, respectively; Day 5 - 65.0±2.7U and
66.9±2.9U, respectively; Day 7 - 75.6±3.1U and 77.6±3.2Us,
respectively). On Day 7 after the experiment, the lowest ALP
value (46.5±2.5U) was found in CG1-S2, most likely associated
with the minimum activity of metabolic processes in the injured
tissues.
Table 5.
Dynamics of ALP in purulent wounds of the soft tissues, relative
units (U)
Day

CG1-S2

CG2-S2

EG1-S2

EG2-S2

1

27.3±2.3

41.7±2.5^

50.3±2.6^

52.5±2.6

3

37.7±2.3*

50.3±2.6*^

57.7±2.7*^

58.1±3.1*

5

42.5±2.5*

57.7±2.8*^

65.0±2.7*^

66.9±2.9*

7

46.5±2.5*

59.2±2.9*^

75.6±3.1*^

77.6±3.2*^

P<0.05- compared to Day 1; ^P<0.05 - compared to CG1-S2.

*

In EG1-S2 and EG2-S2, the microbial contamination of
the purulent wound discharge (microbial bodies per ml) was
significantly lower than in CG1-S2 at all stages of observation
(Table 6).
There were no significant differences between groups
in the wound area after simulation (Table 7). In CG1-S1, the
wound area steadily decreased during the entire observation
period, compared to the initial size, by 34.8%, 61.5%, 82.5,
and 99.9% on Days 1, 3, 7, and 10 after wound simulation,
respectively.
In EG1-S1 and EG2-S1, the wound area decreased by
39.1% and 38.6% on Day 1, 74.3% and 73.5% on Day 3,
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91.8% and 91.0% on Day 7, 99.99% and 99.98% on Day 10,
respectively, compared with the initial findings.
In CG2-S1, we found a reduction in size of the defect
by 36.7%, 67.2%, 86.5%, and 99.95% on Days 1, 3, 7, and 10,
respectively, compared with the sizes obtained immediately
after wound simulation.
In CG1-S2, the wound area steadily decreased during
the entire observation period, compared to the initial size, by
27.9%, 55.1%, 72.2%, and 85.4% on Days 1, 3, 7, and 10 after
wound simulation, respectively.
In CG2-S2, we found a reduction in size of the defect
by 32.7%, 60.9%, 80.1%, and 93.1% on Days 1, 3, 7, and 10,
respectively, compared with the sizes obtained immediately
after wound simulation.
Table 6.
Dynamics of microbial contamination of the purulent wound
discharge (microbial bodies per ml)
Day

CG1-S2

CG2-S2

EG1-S2

EG2-S2

1

109-1010

108-109

107-109

107-109

3

105-108

103-105

102-103

102-103

5

103-105

102-103

102-103

102-104

7

103-106

101-102

101-102

101-103

In EG1-S2 and EG2-S2, the wound area decreased by
33.9% and 32.0% on Day 1, 70.1% and 71.9% on Day 3,
89.7% and 90.9% on Day 7, 99.99% and 99.99% on Day 10,
respectively, with the sizes obtained immediately after wound
simulation.

Conclusion
The use of the the jet oxygen-sorption treatment has
practically no benefits in aseptic wound treatment, compared
to the flow sorption debridement techniques. The use of the the
jet oxygen-sorption treatment and flow sorption debridement
techniques contributed to a significant acceleration of healing
process in aseptic wounds that was expressed in the decreased
local inflammatory reactions, higher activity of metabolic
processes based on the dynamics of RNA and SH-groups.
The most pronounced positive dynamics in the treatment of
purulent wounds was observed when applying flow sorption
debridement techniques. Compared with the findings obtained
in CG1-S2, flow sorption debridement techniques contributed
to a reduction in necrolysis termination by 25.7%, fibrinolysis
- by 25.5%, granulation - by 20.0%, epithelialization - by
18.9%, wound discharge - by 27.8%. The developed of flow
sorption debridement techniques in the complex treatment
of soft tissue wounds provides the most pronounced positive
dynamics, accelerates reparative tissue processes, and reduces
the duration of wound cleansing and healing for both aseptic
and purulent wounds.
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Day after wound simulation
Immediately

Day 1

Day 3

Day 7

Day 10

Series 1 / aseptic wounds
CC1-S1 131.9±13.5 86.1±8.6* 50.8 ±5.5* 23.1±2.7* 11.5±1.3*^
CG2-S1 131.8±13.1 83.8±8.6 43.7±5.3* 17.8±2.7* 6.1±1.3*^
EG1-S1 133.8±10.8 81.0±6.1* 35.2±3.1*^ 11.9±0.9*^ 1.1±0.1*^
EG2-S1 132.9±14.0 81.1±8.3*^ 35.7±3.9*^ 12.0±2.0*^ 1.4±0.6*^
Series 2 / purulent wounds
CG1-S2 116.3±10.7 83.9±7.6* 52.3±5.6* 32.4±3.6* 17.0±1.5*^
CG2-S2 118.4±10.5 79.7±7.8* 46.4±5.0* 23.6±2.9*^ 8.3±1.4*^
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Abstract
Improvement of existing methods and development of new techniques for performing videoendoscopic operations in
emergency surgical pathology allows increasing the efficiency and safety of surgical interventions, which is especially important
in emergency surgery. The aim of the study was to experimentally evaluate the effectiveness of the laparoscopic method of suturing
a perforated ulcer of the anterior wall of the body of the stomach by forming a “covered perforation” with a fold-duplicator. The
article presents the results of a comparative study of the course of recovery in laboratory animals after suturing a perforated ulcer
of the anterior wall of the stomach by the traditional method of applying a double-row, interrupted suture and a new method based
on forming a covered perforation by creating a fold-duplicator.(International Journal of Biomedicine. 2022;12(1):55-57.)
Key Words: perforated gastric ulcer • covered perforation • fold-duplicator
For citation: Borzov EV, Sazhin IV, Shurygin SN, Safonov LV, Tsulaya AS, Asratyan SA, Kutenev AV, Alimov AN. Experimental
Evaluation of the Effectiveness of the Laparoscopic Method for Suturing a Perforated Ulcer of the Anterior Wall of the Stomach by
Forming a “Covered Perforation” with a Fold-Duplicator. International Journal of Biomedicine. 2022;12(1):55-57. doi:10.21103/
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Abbreviation
PGU, perforated gastric ulcer.

Introduction
A new method has been developed for laparoscopic
suturing of a perforated ulcer of the anterior wall of the gastric
body and the gastric antrum with the formation of a covered
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Russia. E-mail: lsaf@mail.ru

perforation in the form of a fold-duplicator.(1,2) The article
presents a morphological substantiation for the effectiveness
of the method, based on the results of experimental studies on
laboratory animals. Prior to the start of this study, we carried
out extensive preparatory experimental work on modeling the
technique of the proposed method on the cadaveric material
of the stomach of sexually mature Urzhum pigs along with a
study of the deformation of the gastric lumen in the operation
area using the plaster modeling method (Fig.1). Comparing
the method proposed by us and the classical suturing of the
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perforation zone with interrupted sutures, we did not find
significant differences that would adversely affect the passage
of gastric contents.

Fig. 1. Plaster models of the inner wall of the stomach
using various methods of suturing a perforated gastric
ulcer.
1.1.

Closing the perforation with a fold-duplicator.

1.2. Closing the perforation with a double-row
interrupted suture

Materials and Methods
The study was carried out on 12 Chinchilla rabbits,
weighing 3100-4200g. The morphological reaction of tissues
in the operation area was studied in the experimental group
(EG, n=6) with the classical suturing of a perforated gastric
ulcer (PGU) and the control group (CG, n=6) with PGU
suturing using the developed method. The size defect of PGU
was 10 mm.
Median laparotomy was performed under ether anesthesia.
A perforated hole about 10×10mm in size was formed on the
anterior wall of the gastric body of the animals, using surgical,
sharp-pointed scissors. Then it was sutured with an absorbable
poly-filament thread with a conditional diameter of 2/0 on a
piercing needle (26 mm), ½ of the circumference.
In EG, the suturing of PGU was carried out by the
proposed method of forming a covered perforation with the
imposition of 2 main and 2 additional sutures. In CG, PGU
was sutured in the traditional way by applying a double-row
interrupted suture through the edges of the defect using a
similar thread.
For the morphological study, 2 rabbits from each study
group were withdrawn from the experiment on Days 7, 14 and
21. The animals underwent excision of the stomach wall in the
area of the sutured perforation. The preparation was fixed in a
solution of 10% neutral formalin for 2 hours. Morphological
features of the course of the tissue healing process in the area
of the closed perforation were studied in 2 groups of animals.
The course of pathohistological changes in macropreparations
and micropreparations of tissues was studied using a Leica
DM-1000 microscope.

Results and Discussion
Macropreparations
On Day 7 of the postoperative period, the morphological
features in the stomach wall of rabbits in both groups showed

a more pronounced deformity of the stomach in the surgical
area in rabbits of EG than in CG. At the same time, in the bulk
of all macropreparations, a pronounced fold was determined
from the side of the gastric mucosa, protruding into the gastric
lumen by an average of 4 mm, which did not affect the passage
of gastric contents.
Morphologically, the most pronounced deformation of
the stomach in rabbits of the EG, compared with the CG, was
found on Day 14 after the operation. In particular, the size of
the fold from the side of the serous membrane reached the
largest size, up to 20×40mm, while the mucosal fold decreased
several times.
On Day 21 after the operation, there were no
morphological differences in the nature of the deformation of
the stomach wall in the area of operation in rabbits of 2 groups.
Micropreparations
On Day 7 after the operation, similar phenomena were
observed in histological preparations obtained from animals
of the studied groups. In both groups, a zone of transmural
necrosis was identified with early epithelialization phenomena
in the form of “crawling” of the integumentary epithelium,
somewhat more pronounced in EG. In the projection of the
epithelialization zone, the growth of the “young” connective
tissue with the phenomena of neoangiogenesis was noted.
At the same time, in both groups, a similar pattern of
lymphocyte-leukocyte perifocal inflammatory infiltration
was noted in the proper layer of the mucous membrane. A
similar focal lymphoid infiltration and edema with thickening
of the submucosal layer were observed outside the necrosis
zone.
By Day 14 after the operation, in both groups, we found
a similar narrowing of the necrosis zone with an expansion
of the zone of active epithelialization, and a decrease in
the inflammatory response due to a reduction of edema
and infiltration of the mucous membrane; the appearance
of a muscle membrane was noted in the area of surgical

intervention.
On Day 21 of the postoperative period, the structure
of the gastric mucosa was restored; the inflammation signs
persisted only in the form of small fields of lympho-leukocyte
infiltration. Growth of “mature” connective tissue was noted,
more pronounced in the submucosal layer and somewhat less
in the remaining layers of the stomach wall. In rabbits of CG, a
slightly more pronounced lymphoid infiltration was noted at the
level of the mucosal lamina propria. In histological preparations
of animals of both groups, particles of suture material with
a scanty macrophage-lymphoplasmacytic reaction were
determined.
In the animals of EG, with the closure of the gastric wall
defect by creating a covered perforation with a fold-duplicator,
there were no microscopic signs of abscessing in the operation
area or leakage of the gastric lumen.
The morphological study of the stomach wall
macropreparions of animals on Day 21 after the operation
indicates that the developed method for suturing the anterior
wall of the stomach by creating a covered perforation does
not differ morphologically and histologically from the
traditional method of suturing with a double-row interrupted
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suture. The microscopic picture, comparable in animals of the
experimental and control groups, reflects the similarity of the
course of inflammatory and reparative processes in the area
of perforation suturing. Pathohistological differences in the
healing process in the operation area between the animals of
the experimental and control groups are insignificant, which
allows us to consider both methods of closing the perforation
hole almost equivalent.
The described method of suturing PGU with a foldduplicator of its anterior wall was developed as a technical
option for surgeons in cases of perforations of the anterior wall
of the gastric body and the gastric antrum. In such cases, it
is possible to suture a perforated hole more than 10mm with
rigid, inflamed edges of the perforation zone in conditions of
local peritonitis.

Conclusions
1. The developed method of laparoscopic suturing of a
perforated ulcer of the anterior wall of the gastric body and
the gastric antrum by forming a covered perforation and the
classical method of suturing with a double-row interrupted
suture are characterized by a similar course of the inflammatory
reaction and reparative processes.
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2. The presented method of laparoscopic suturing
of a perforated ulcer of the anterior wall of the stomach by
forming a covered perforation with a fold-duplicator is
consistent, functional and morphologically identical to the
traditional method of suturing the perforation with a doublerow interrupted suture; therefore, it can be considered as a
variant of a surgical technique for closing perforated ulcers
of the anterior wall of the gastric body and the gastric antrum.
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Abstract
The article describes a biochemical method for characterizing the hepatocyte culture under the action of copper acetate (CA).
Isolated primary hepatocyte culture was exposed to CA in different concentrations, and then the activity of alanine aminotransferase
(ALT), aspartate aminotransferase (AST), alkaline phosphatase (ALP), and the amount of glucose, in the culture medium was
determined. The result showed that the level of cell membrane damage and the release of ALT and AST into the extracellular space
depend on the concentration of the acting substance, and, in addition, AST was found to be more sensitive to the toxic effects of CA.
However, the activity of ALP proved to be an indicator of the copper ions’ action on the enzyme but not of destructive processes in
the hepatocyte culture. At the same time, a decrease in the glucose level may be used as a characteristic of the cell metabolic activity.
Based on the results obtained, we can conclude that proposed analysis methods allow us to comprehensively characterize the processes
occurring with cultured hepatocytes under the influence of CA.(International Journal of Biomedicine. 2022;12(1):58-62.)
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Introduction
The mammalian liver is the essential center in which
numerous metabolic, regulatory, homeostatic, and detoxification
processes are concentrated, making normal organism
development possible. It is known that the functional features of
this organ are provided by hepatocytes, highly differentiated cells
that make up about 90% of the volume of the liver parenchyma.
(1-4)
Hepatocytes ensure the metabolism of endogenous
compounds and xenobiotics by forming highly water-soluble
metabolites that are subsequently excreted from the organism
and they are also responsible for the synthesis and secretion
*
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of various proteins (albumin, fibrinogen, coagulation factors)
and bile acids. Hepatocytes are also involved in maintaining
the homeostasis of carbohydrates, lipids, and amino acids, and
in the formation of urea. Because of their morphological and
functional characteristics, these cells are of particular interest
for cell technologies. Currently, the application areas of the
human and animal hepatocyte cultures are quite extensive;
however, the most popular uses of these cultures remain in
the screening of pharmaceuticals, including for the so-called
ADME/Tox (absorption, distribution, metabolism, excretion,
and toxicity) studies of new compounds.(5) That is because the
metabolism of liver cells is the main removal route of about 75%
of drugs from the body and is mediated by the functioning of
the hepatocyte enzymatic systems, which provide the reactions
of functionalization and conjugation of xenobiotic compounds.
(6)
In this regard, hepatocyte cultures are still considered the most
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suitable model for analyzing the absorption kinetics of drugs
and test compounds, assessing hepatic clearance, recognizing
metabolites, and predicting drug interactions with each other.  
Analysis of the transcriptome, proteome, and metabolome
of cells exposed to the compounds under study makes it
possible to predict the risks associated with the occurrence
of hepatocellular affections; however, these methods are
expensive, difficult to perform and require high-accuracy
equipment. Therefore, the search for techniques characterized
by high sensitivity, low expenses, and easy realization is still
topical. That is why the possibility of using clinical diagnostic
methods in biotechnological practice attracts attention. In
particular, clinical analyses reflecting pathological changes in
the liver functioning and hepatocyte damage of varying severity
are of special interest. Such methods include tests widely used
in medical practice for diagnosing liver disease and based on
the determination of the activity of ALT, AST, and ALP in the
blood serum.(7,8)
The purpose of this investigation was to estimate the
suitability of biochemical methods to determine the activity
of AST, ALT, ALP, and the amount of glucose in the culture
medium for toxicity analysis when exposed to different
concentrations of CA on hepatocytes.
The choice of the preparation was determined by
the properties of this metal. On the one hand, copper is an
essential element for organism development and takes part in
many physiological processes that include metabolism, tissue
respiration, and the synthesis of collagen and elastin; it is also
responsible for the activity of enzymes, hormones, and vitamins.
However, in excess, copper is an extremely toxic element.
In the case of metabolic disorders, copper can accumulate in
the organism, in particular in the liver, which results in severe
diseases of the central nervous system and internal organs.(9)

Materials and Methods
Isolation of the primary culture of rat hepatocytes
An acute experiment was carried out to isolate the
primary culture of hepatocytes of Wistar rats weighing 200g.
Animals were housed in accordance with the Good Laboratory
Practice (GLP) rules. The experiments were performed in
accordance with the norms for the humane treatment of animals
regulated by the International Guidelines of the Association for
the Assessment and Accreditation of Laboratory Animal Care
in accordance with the protocol approved by the Institutional
Animal Care and Use Committee of the Irkutsk Scientific
Center of Surgery and Traumatology. All surgical interventions
were performed under aseptic conditions. The surgery was
performed under general intravenous anesthesia using 0.7
ml of a 5% solution of telazol in phosphate-buffered saline
intramuscularly and subsequent chloroform inhalation until
the loss of locomotor activity but with the maintenance of the
cardiac muscle contractile activity.
The primary culture of hepatocytes was obtained by
perfusion of the liver through the portal vein. Heparin sodium
5000 IU/ml solution (1ml) in 0.9% sodium chloride was
injected, followed by a solution of Krebs-Ringer’s buffer with
EDTA without calcium (pH 7.2–7.4, 37 °C) (5) with a volume
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of 210ml and with a perfusion rate of 30ml/min. Then the buffer
was replaced with a 0.07% collagenase solution (Sigma-Aldrich)
in Hank’s Balanced Salt with calcium and magnesium (HBSS,
Sigma-Aldrich) of 120ml at the temperature of 37°C. The liver
was transferred into pre-cooled Hank’s buffer (T=4°C), the liver
capsule was dissected, the cells were filtered through a cell filter
with a pore size of 70 μm (Corning, BioCoat) and washed with
Hank’s buffer followed by centrifugation at 50 g for 5 minutes
at 4°C. Cells were resuspended in William’s E medium (Gibco)
with the addition of 10% fetal bovine serum (FBS, SigmaAldrich) and Primary Hepatocyte Maintenance Supplement
(Gibco) that consist of dexamethasone and a cocktail solution
containing GlutaMAX™, HEPES, penicillin-streptomycin,
insulin, transferrin, selenium complex, BSA and linoleic acid
introduced to the medium according to the manufacturer’s
instructions. The obtained hepatocyte culture was incubated at
37°C, 90% humidity, and 5% CO2 in Biostation CT (Nikon). To
investigate the toxicity of the chosen preparation, the cells were
used for the experiment within 24 hours after isolation because
we did not observe changes in the functioning of the enzymatic
systems of hepatocytes during this period.(5,10)
Two hours after isolation, the nutrient medium was
replaced, and a CuAc2 solution was added to the medium to
a final concentration of 50 μg/ml or 200 μg/ml. After 6h and
24h, the nutrient medium was taken to determine the ALT,
AST, ALP activity, and glucose concentration. The culture
medium of hepatocytes without the addition of CuAc2 served
as a control (the corresponding amount of the water was
introduced to the culture).
Biochemical research
A biochemical study was carried out on a biochemical
analyzer Mindray BS-380 (Mindray, China). The activity of
ALT and AST and the amount glucose were determined by
a standard method using a Vector Best kit (Russia, series
12, 14); the ALP activity was analyzed using a Mindray kit
(China, series 140319007).
Statistical analysis was carried out in the R software
environment. A non-parametric Kruskal-Wallis test was used
for comparisons of median values among groups, followed by
post-hoc analysis using Tukey test. Mann–Whitney–Wilcoxon
test was used for pairwise comparison. A value of P<0.05 was
considered significant.

Results and Discussion
At the first stage, we obtained a primary culture of
Wistar rat hepatocytes. After 2 hours, the culture medium
was replaced with a fresh one, and the hepatocyte culture was
introduced into the experiment.
The analysis of ALT activity 6 and 24 hours after the
introduction of CuAc2 into the culture medium showed that
incubation with both low (50 μg/ml) and high (200 μg/ml)
concentrations of this metal salt led to no significant increase
in enzyme activity in the medium, in comparison with the
control group (data not demonstrated).
A similar result was obtained when analyzing the AST
activity after 6 hours of exposure with CA in two experimental
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groups (CuAc2 50 μg/ml and CuAc2 200 μg/ml) (Fig. 1A).
However, a significant increase was observed 24 hours after
exposure to the CuAc2 in the concentration of 200 μg/ml on
hepatocytes (Fig. 1B).

more under the action of copper ions. In particular, it is known
that copper is a cofactor of cytochrome c oxidase, one of
the mitochondrial respiratory chain enzymes involved in the
aerobic oxidation of various metabolites, including glucose.
At the same time, during the following 18 hours of incubation
with CA, no further decrease in the amount of glucose in the
medium was observed, which may be associated with the
accumulation of excess amounts of copper in the cells and
the related toxic effect. In this case, the heterogeneity of the
obtained primary culture can contribute to the maintenance
of relatively constant glucose content as a result of balancing
the intake of this carbohydrate by actively metabolizing
hepatocytes and the death of cells that accumulate excess
amounts of this element.

Fig. 1. Changes in AST activity after exposure to CuAc2 at
concentrations of 50 μg/ml and 200 μg/ml on hepatocyte culture
for 6 hours (A) and 24 hours (B) compared with the control group.
Medians, first and third quartiles are shown.

When comparing enzyme activity 6 hours and 24 hours
after the addition of CA, an increase in the AST activity was
found in two experimental groups and the control group (Fig.
2B), whereas significant ALT activity growth was observed
only after incubation with CuAc2 at a concentration of 200
μg/ml (Fig. 2A). In this case, a rising enzyme activity may
be associated with destructive processes attended by a breach
of membrane integrity and the release of enzymes into the
extracellular space.

Fig. 2. Comparison of the ALT (A) and AST (B) activity in the control
group and groups with adding CuAc2 at the concentrations of 50 μg/
ml and 200 μg/ml after incubation for 6 or 24 hours. Medians, first
and third quartiles are shown.

Interesting results were obtained in the analysis of the
ALP enzyme. It was found after 6 hours of incubation with
CuAc2 at both tested concentrations, the enzyme activity
was significantly lower than in the control group (Fig. 3A).
A similar picture was observed after 24 hours of incubation
with CuAc2 in different concentrations (Fig. 3B). This effect
is probably caused by the replacement of zinc ions included
in the structure of the enzyme with copper ions, as a result of
which there is a decrease in the ALP activity.
When comparing glucose levels with the control
group, a significant decrease of its amount was noted in both
experimental groups 6 hours and 24 hours after the addition of
CA solution (Fig. 4). The described change is associated with
the high hepatocyte metabolic activity, which increases even

Fig. 3. Changes in ALP activity after exposure to CuAc2 at
concentrations of 50 μg/ml and 200 μg/ml on hepatocyte culture
for 6 hours (A) and 24 hours (B) compared with the control group.
Medians, first and third quartiles are shown.

Fig. 4. Changes in glucose level after exposure to CuAc2 at
concentrations of 50 μg/ml and 200 μg/ml on hepatocyte culture
for 6 hours (A) and 24 hours (B) compared with the control group.
Medians, first and third quartiles are shown.

Discussion
The ALT and AST enzymes are considered as specific
markers of liver cell damage. The level of increased enzyme
activity allows us to come to a conclusion about the degree
of cytolysis processes, and it is generally recognized that
the elevated ALT and AST activities are a consequence of
damage to the hepatocyte cytoplasmic membranes, followed
by the release of intracellular enzymes into the extracellular
space. ALT activity can increase during the late phase of
cellular damage when cytolysis occurs as a result of direct
damage to hepatocytes. Although plasma membrane injury
and protein leakage are considered the most common
causes of elevated ALT levels, there is evidence that other
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mechanisms may be involved.(11) Unlike ALT, the main part
(over 80%) of AST is concentrated in the mitochondria,
and the hepatic AST fraction primarily reflects the damage
to the hepatocyte mitochondrial membrane.(7) It is also
known that some substances exhibit a higher affinity for the
inner mitochondrial membrane, entering the matrix region,
promoting the release of AST, the mitochondrial function,
and disruption of energy metabolism, which eventually leads
to initiating apoptotic pathways.(12)
Another factor contributing to the increase in the level
of aminotransferases in some cases is not cell damage but
the induction of their expression. It is assumed that some
substances are capable of increasing enzyme activities.(13) For
example, in an experiment on mice, the growth of ALT and
AST activity was noted after exposure to tetrachloromethane,
and it was canceled after the use of protein synthesis
inhibitors.
ALT and AST expression can also be regulated through
IRE1α/c-Jun pathway signaling. It has been shown that
inhibition of microsomal triglyceride transfer protein (MTP)
leads to GPT/GOT1 (ALT and AST genes) transcription
enhancement by increasing the regulation of the IRE1α/cJun
pathway, which results in intensification of ALT and AST
synthesis and release. Thus, the transcriptional regulation of
the GPT/GOT1 genes is the main stress response mechanism
leading to an increase in the level of transaminases, which may
represent a normal reaction to stress for survival.(14) In general,
although elevated levels of aminotransferase activity may
be due to a number of reasons, prevalent causes, apparently,
are damage to plasma membranes and cell death. This is
evidenced by the dependence of the increased level of enzyme
activity on the concentration of copper ions in the culture
medium and the higher sensitivity of AST in comparison with
ALT. The latter is explained by the fact that AST is presented
in hepatocytes predominantly by the mitochondrial isoenzyme
and respectively makes a greater contribution to the rise
in activity caused by destructive processes in the culture
especially affecting mitochondria.
ALP, which catalyzes the removal of phosphoric acid
from its organic compounds, has optimal activity at pH of
8.6–10.1 and is located on the external surface of the cell
membrane where it takes part in the transport of phosphorus.
The enzyme is found in almost all organs, but its maximum
amount is detected in the hepatobiliary system, bone tissue,
intestines, placenta, and lactating mammary gland. For
diagnostic purposes, the identification of bone and hepatic
isoforms of ALP is most often carried out.(15) The activity
of the hepatic phosphatase form is commonly enhanced
due to damage or destruction of hepatocytes, as well as
breaching of bile transport. The hepatocellular mechanism of
increasing the ALP activity plays a crucial role in viral and
autoimmune hepatitis, and toxic and medicinal damage to
the liver. Along with pathological conditions, there is also a
growth of physiological ALP activity in blood serum, which is
noted during intensive development or pregnancy. Low ALP
levels are observed in hypothyroidism, pernicious anemia,
congenital hypophosphatasia, and zinc deficiency, as well as
in the chronic form of Wilson–Konovalov disease.(16)
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Zinc and magnesium are essential cofactors of the
ALP enzyme. It has been demonstrated that when high
concentrations of copper solution were added to the nutrient
medium of hepatocytes, zinc was replaced by copper in
the structure of ALP and the enzyme activity decreased.(15)
Apparently, in our study, high concentrations of CA solution
also influenced ALP activity.

Conclusion
The results of the biochemical analysis of the culture
medium reflect both the physiological and pathological state
of hepatocytes under the action of a CA solution. Therefore,
this method can be used in cell technologies to analyze the
enzymatic activity of hepatocyte cultures. In particular, the
determination of ALT and AST activity levels can be utilized
to assess the degree of toxic effect, though AST, due to its
features, was found to be more sensitive when exposed to a
copper preparation. At the same time, the ALP activity level
in this study did not serve as an indicator of the destructive
processes in the hepatocyte culture, reflecting to a greater
extent the interaction of the enzyme with copper ions. The
analysis of the glucose content in the medium is applicable to
estimating the metabolic activity of cells under the influence
of the tested substance. In general, it can be concluded that
the methods used allow us to assess the change in the balance
between the death of hepatocytes and an increase in the energy
metabolism, depending on the amount of copper ions in the
medium.
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Abstract
The aim of this research was to study the features of clinical and laboratory parameters of acute otitis media (AOM), taking
into account the value of the leukocyte shift index (LSI) in pediatric patients with the demonstration of clinical cases.
Methods and Results: This study included 100 children (55 boys and 45 girls) with AOM. The mean age of all patients
was 4.32±0.31 years. Group 1 included 50 patients (30 boys and 20 girls) with acute suppurative otitis media (SupAOM). Group
2 included 50 patients (25 boys and 25 girls) with acute serous otitis media (SerAOM). As a marker for determining the activity
of the inflammatory process and the disorders of the immunological reactivity of the body, we chose LSI, calculated taking into
account the parameters of the general blood test. Our results show the diagnostic significance of LSI in predicting the clinical
course of AOM in patients in the age group of 2-16 years. The development of SerAOM is predicted when the LSI is 1.05±0.08;
SupAOM - 2.08±0.23
Conclusion:The results obtained can be useful in providing specialized medical care for children of this age group, for
optimizing the algorithms for preventive examinations and therapeutic interventions, and for offering the possibility of predicting
the severity of the disease and timely treatment of SupAOM requiring a surgical intervention followed by systemic antibiotic
therapy in order to prevent otogenic complications and hearing.(International Journal of Biomedicine. 2022;12(1):63-66.)
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Introduction
In recent years, the number of patients with acute otitis
media (AOM) has increased, accounting for 75.1% - 80%
of all diseases of the middle ear.(1) A study has shown that in
the Russian Federation, acute serous otitis media (SerAOM)
(ICD-10-CM Code H65.07) and acute suppurative otitis
*Corresponding author: Nadezhda E. Kuznetsova, PhD.
Tyumen State Medical University. Tyumen, the Russian Federation.

E-mail: e-mail: kne61@mail.ru

media (SupAOM) (ICD-10-CM Code H66.019) are the
main causes of hearing loss in children aged 2-5 years.(2) The
growth of otogenic complications in children amounts to one
case of intracranial complication (ICC) per 350-450 cases of
inflammatory diseases of the middle ear. The mortality rate for
ICC ranges from 5% to 50%.(3,4) Despite the achievements of
modern medicine, the otogenic ICC in purulent-inflammatory
diseases of the ear in children remain relevant subjects for
research.(5)
The aim of this research was to study the features of
clinical and laboratory parameters of AOM, taking into
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account the value of the leukocyte shift index (LSI) in pediatric
patients with the demonstration of clinical cases.

Materials and Methods
This study included 100 children (55 boys and 45
girls) with AOM. The mean age of all patients was 4.32±0.31
years. All patients were treated in the department of pediatric
otolaryngology at the Regional Clinical Hospital No.2 of
Tyumen in the period from 2018 to 2020. Group 1 included
50 patients (30 boys and 20 girls) with SupAOM. Group 2
included 50 patients (25 boys and 25 girls) with SerAOM.
As a marker for determining the activity of the
inflammatory process and the disorders of the immunological
reactivity of the body, we chose LSI, calculated taking into
account the parameters of the general blood test.(6,7) LSI =
(eosinophils + basophils + myelocytes + metamyelocytes +
stabs + segmented neutrophils) / (monocytes + lymphocytes).
The LSI value of 1.96±0.56 is considered normal.(6)
All children were admitted on an emergency basis
with complaints of earache, headaches, unilateral or bilateral
hearing loss, hyperthermia, anxiety, sleep disturbance, and
speech development disorders. All children were examined
by an otorhinolaryngologist, pediatrician, as well as by a
neurologist, anesthesiologist, neurosurgeon, and audiologist
according to the indications.
Upon admission, patients underwent clinical and
laboratory diagnostics, radiography, and CT of the temporal
bones and paranasal sinuses. CT or MRI with contrast was
performed for diagnostic purposes to exclude ICI. Children of
Group 1 underwent surgical treatment (myringotomy), which
was supplemented with antromastoidotomy, according to the
indications. All received a course of antibiotic therapy and
local therapy.
Statistical analysis was performed using the statistical
software STATISTICA (v10.0, StatSoft, USA). The
normality of distribution of continuous variables was tested
by one-sample Kolmogorov-Smirnov test. Continuous
variables were presented as mean±SEM. Means of 2
continuous normally distributed variables were compared by
independent samples Student’s t test. A value of P<0.05 was
considered significant.
The study was conducted in accordance with ethical
principles of the WMA Declaration of Helsinki (1964, ed.
2013) and approved by the Tyumen State Medical University
Ethics Committee. Written informed consent was obtained
from the parent/guardian of each patient.

Results
A comparative analysis of LSI in the studied groups
revealed significant fluctuations in this indicator from 0.77 to
3.8 in Group 1 and from 0.33 to 2.56 in Group 2. In the age
subgroup of 13-16 years, SupAOM was detected in one patient
and SerAOM in 4 cases. LSI levels in
 the patients (n=41) from 2
to 16 years of Group 1 were 2.08±0.23, and of Group 2 (n=47),
1.05±0.08 (P=0.0001). In Groups 1 and 2, LSI values in
 the age
groups of 2-5 years were 2.19±0.28 and 1.00±0.07 (P=0.0001),

respectively; in the age groups of 6-12 years, 2.98±0.82 and
1.07±0.17 (P=0.0435), respectively (Table 1).
Table 1.
LSI values in Croups 1 and 2 according to the age subgroups
Mean age
Age
subgroups
Group 1 Group 2
(yrs)
n=50
n=50

LSI
Group 1
n=50

Group 2
n=50

P-value
-

0-1

0.83±0.09 0.83±0.20 1.20±0.43 0.77±0.44 0.5022
n=9
n=3
n=9
n=3

2-5

3.29±0.17 3.69±0.20 2.19±0.28 1.00±0.07 0.0001
n=34
n=35
n=34
n=35

6-12

6.50±0.37 8.63±0.86 2.98±0.82 1.07±0.17 0.0435
n=6
n=8
n=6
n=8

13-16

13.0
n=1

14.50±0.75
n=4

1.04
n=1

1.64±0.92
n=4

-

P-value between LSI (Group1 and Group 2)

LSI levels are affected by the characteristics of
the physiological state of neutrophils and lymphocytes,
depending on age (the first cross at 5 days and the second at
5 years); obviously, this circumstance explains the absence of
statistically significant differences between Groups 1 and 2 in
children aged between 0 and 2 years (P>0.05).
Currently, the use of LSI for predicting SupAOM in
children has enough grounds for clinical use in practical
healthcare, and widespread implementation in the algorithms
of preventive examinations. Domestic scientists have shown
the role of LSI in assessing the body's immunological
reactivity, the severity of endogenous intoxication, and its
complications.(7,8) The results obtained in our study indicate
that in children aged between 2 and 16 years, the LSI levels
of 1.05±0.08 and 2.08±0.23 can suggest the formation of
SerAOM and SupAOM, respectively.
In addition, the possibility of early diagnosis of the
purulent process in the middle ear, both at the outpatient stage
of diagnosis and upon admission to the ENT department of
a children’s hospital, is very important. The availability of
the LSI assessment, its information content in the absence of
expensive diagnostic methods (multispiral CT, tympanometry,
otomicroscopy) allows performing timely diagnosis, surgical
treatment, and the necessary antibiotic therapy to prevent
otogenic complications.

Case Presentation 1
An 11-year-old boy was admitted on 07.18.2019 to
the department of pediatric otolaryngology for emergency
indications. Complaints: pain in the left ear, fever up to
38.0°C.
Anamnesis morbid
The child fell ill on 07.15.19. Outpatient treatment
(amoxicillin, otipax) was prescribed by an ENT doctor.
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Anamnesis vitae
Child from second full-term pregnancy, body weight at
birth – 4200g. The patient grew and developed according to his
age. Scheduled vaccinations. Past diseases: acute respiratory
infections, chickenpox, bronchitis, tonsillitis, pneumonia.
History of allergies is not burdened. History of allergies is not
burdened.
Clinical Findings, Diagnostic Assessment, and Treatment
General condition of moderate severity. Consciousness
is clear. Body temperature - 38.0°C. The respiratory rate – 21
breaths per minute. The heart rate is 84 bpm. The abdomen
is soft; the liver and spleen are not palpable. Urination is not
disturbed. The stool is normal.
Local status
Nose: without features.
Oropharynx: mucous membranes are pink and
edematous; the pharynx is symmetrical; the soft palate is
mobile, with no plaque.
Larynx: sonorous voice, free breathing.
Ears: Tympanic membrane of AD is grey, the cone of
light is preserved; tympanic membrane of AS is hyperemic,
infiltrated, the cone of light is not preserved.
Standard laboratory diagnostic methods are performed.
General blood test (07.18.2019): Segmented Neutrophils
– 67%, Stabs - 5%; Basophils - 1%; Lymphocytes - 20%;
Monocytes - 7%; Eosinophils -1%, Platelets 126×109/L,
Hemoglobin 137 g/L; Erythrocytes 5.13×1012/L, Leukocytes
8.71×109/l. LSI=2.7.
LSI=2.7.
Ophthalmologist’s examination, “Acute suppurative
left-sided non-perforated otitis media.”
Treatment: Paracentesis of the left tympanic membrane
(of 07.18.2019) followed by conservative therapy.
Local status at discharge (07.26.2019).
Otoscopy: AS - the ear canal is free, the tympanic
membrane is gray, the identification marks are distinguishable;
AD - the ear canal is free, the tympanic membrane is gray, the
identification marks are distinguishable.
This clinical case indicates that the value of LSI of
2.08 is associated with the development of an acute purulent
process, requiring a surgical intervention followed by systemic
antibiotic therapy.

Case Presentation 2
A 12-year-old girl was admitted on 08.17.2020 to
the department of pediatric otolaryngology for emergency
indications. Complaints: hearing loss.
Anamnesis morbid
The child was sick for 3 months; against the background
of frequent colds, hearing loss appeared. Conservative
treatment without effect. Tympanogram (07.28.2020): type C/
type B.
Anamnesis vitae
The patient grew and developed according to his age.
Scheduled vaccinations. Past diseases: acute respiratory
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infections, otitis media, chickenpox, bronchitis, tonsillitis,
paracentesis of the eardrums on both sides (07.03.2020).
History of allergies is not burdened.
Clinical Findings, Diagnostic Assessment, and Treatment
General condition of moderate severity. Consciousness
is clear. Body weight - 53 kg, height - 158 cm. The respiratory
rate – 22 breaths per minute, saturation - 100%. The heart rate
is 98 bpm. The abdomen is soft; the liver and spleen are not
palpable. Urination is not disturbed. The stool is loose.
Local status
Nose: without features. Oropharynx: mucous membranes
are moist and pink; the pharynx is symmetrical; the soft palate
is mobile, with no plaque.
Larynx: sonorous voice, free breathing.
Ears: Tympanic membrane of AD is gray-cloudy,
retracted, the contours are poorly distinguishable; tympanic
membrane of AS gray-cloudy, retracted, the contours are
poorly distinguishable. Whispered speech: AD/AS - 6 m /4 m.
Standard laboratory diagnostic methods are performed.
General blood test (08.17.2020): Basophils - 1%; Neutrophils 46.8%; Lymphocytes - 40.2%; Monocytes - 8.9%; Eosinophils
-3.1%.
LSI=1.04.
Ophthalmologist’s examination, “Acute left-sided
serous otitis media.”
Treatment: Conservative therapy.
Local status at discharge (08.20.2020).
Otoscopy: AS - the ear canal is free, the tympanic
membrane is gray, the identification marks are distinguishable;
AD - the ear canal is free, the tympanic membrane is gray, the
identification marks are distinguishable. Whispered speech:
AD/AS - 6 m / 6 m.
This clinical case indicates that the value of LSI of 1.04
is associated with the development of an acute serous otitis
media.

Conclusion
This study demonstrates the diagnostic significance
of LSI in predicting the clinical course of acute otitis media
in patients in the age group of 2-16 years. The development
of acute serous otitis media is predicted when the LSI is
1.05±0.08; acute suppurative otitis media - 2.08±0.23
The results obtained can be useful in providing
specialized medical care for children of this age group, for
optimizing the algorithms for preventive examinations and
therapeutic interventions, and for offering the possibility of
predicting the severity of the disease and timely treatment of
acute suppurative otitis media requiring a surgical intervention
followed by systemic antibiotic therapy in order to prevent
otogenic complications and hearing loss.
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Abstract
The history of subchondral insufficiency fracture is closely related to a pre-existing diagnosis of spontaneous osteonecrosis
of the knee (SONK). Previously, it was thought that subchondral linear or lunate pathological changes on magnetic resonance
imaging (MRI) scans in elderly patients with a history of osteoporosis are the result of spontaneous osteonecrosis, but in the 2000s,
studies by T. Yamamoto showed that a small proportion of patients with osteonecrosis of the femoral head initially have a fracture
of insufficiency that gets complicated by secondary osteonecrosis. Subsequent studies of SONK also showed that the subchondral
insufficiency fracture is precisely the initial process, osteonecrosis is secondary and it is a complication of the fracture. The aim
of our study was to evaluate the effectiveness of high-resolution MRI at different stages of this disease.(International Journal of
Biomedicine. 2022;12(1):67-69.)
Key Words: high-resolution MRI • osteoporosis • knee
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Introduction
Insufficiency fracture is a type of stress fracture that
usually occurs in individuals over 50-55 years of age with normal
joint stress. The reason for this fracture is the weakening of the
trabeculae of the subchondral bone marrow of any condyle of
the knee joint, more often the medial one.(1-4) The history of the
diagnosis of insufficiency fracture is associated with the fact
that in a number of cases, researchers led by T. Yamamoto(5)
found a non-classical diagnostic picture when osteonecrosis
of the femoral head was suspected, which later turned out
to be an insufficiency fracture. And subsequent studies by T.
Yamamoto et al.(5-7) showed that in the knee joint, in patients
with a presumed diagnosis of spontaneous osteonecrosis, the
insufficiency fracture was the initial process resulting from
the weakening of trabeculae in the subchondral bone, and
osteonecrosis was a secondary and optional process. It should
be noted that at the initial stages of insufficiency fracture, the
process is not complicated with early treatment of the patient,
*Corresponding author: Aleksandr Ivankov, Irkutsk
Scientific Center of Surgery and Traumatology. Irkutsk, Russia.
E-mail:ivankovap16@gmail.com

and osteonecrosis and subchondral collapse (flattening of
the articular surface) are secondary and, in fact, they are a
complication of the insufficiency fracture itself.(8) The main
methods for diagnosing subchondral insufficiency fracture are
primary radiography and MRI.(9) X-ray of the knee joint has
limited capabilities since it does not allow visualization of the
edema and the area of subchondral

fracture at the early and
advanced stages of the process.(9) In this case, the MRI is the
method of choice since it has more possibilities for assessing the
state of the bone and soft tissues of the joint.(9)
MRI-semiotics
Diagnostic MRI criteria for subchondral insufficiency
fracture include diffuse bone marrow edema of the affected
articular condyle(8,10) (Fig.1), hypointense fracture line on T1WI and fluid-sensitive modes (T2- and PD with fat suppression
– FS) (Fig.2), hypointense “thickening” on T1- and PDFS (T2-FS) in the area of the cortical bone layer (Fig.3).
In the presence of complications in the form of secondary
osteonecrosis in the area of s ubchondral fracture, there is a risk
of collapse (flattening) of the articular surface of the affected
condyle of the joint. The area of secondary osteonecrosis on
liquid-sensitive tomograms PD-FS (T2-FS) is visualized as an
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area of increased signal in the area between the fracture line
and the subchondral cortical bone layer(10) (Fig.4). Subchondral
collapse (flattening) of the affected articular surface is shown
in Figure 5.

(Toshiba) using a 4-channel knee coil. Scanning parameters:
PD-, PD-FS, T1-WI, coronal, sagittal, and axial plane, matrix
288х384, FOV 15 cm. An early stage of subchondral fracture
was found in 39 patients (up to 3-4 days from the onset of the
disease), 82 patients had an advanced stage of the disease, and
29 patients had a stage of complications. The ratio of men to
women was almost equal - 48% men and 52% women. The
average age of the studied patients was 63.1 (range 51-89
years) years. The standard formulas were used to calculate the
sensitivity, specificity, and accuracy of the MRI method at an
early stage, an advanced stage, and a stage of complications.

Results

Fig. 1. MRI (PD-FS). Subchondral
edema in the fracture zone
(asterisk).

Fig. 2. MRI (PD-FS). Insufficiency
fracture. Fracture line (arrow)

Fig. 3. MRI (PD-FS). Insufficiency Fig. 4. MRI (PD-FS). The area
fracture. Hypointense “thickening” of 
increased signal (zone of
(measured).
secondary osteonecrosis).

The most common localization of insufficiency fracture
in the knee was the medial condyle of the femur (79,3%),
the second most frequent was the lateral condyle of the
femur - 12%; 8,0% of lesions were localized in the medial
parts of the tibial plateau and only 0,6% in the lateral parts
of the tibial plateau. Localization of insufficiency fractures
was predominantly central (coronary scans) - 76.5%, in the
peripheral regions in 23.5% of patients. On sagittal tomograms,
the fracture zone was also localized mainly centrally (middle
third of the condyle) - 81.4%, in 17.6% of patients in the
posterior parts of the condyle, and only 1% in the anterior third
of the condyle. Synovitis was also found in 100% of cases
in patients with insufficiency fracture and perifocal edema of
the surrounding soft tissues in 91% of cases. Quite often, a
fracture of insufficiency was combined with a rupture of the
meniscus; in our survey, 91.3% of patients had a rupture of the
adjacent meniscus, more often the medial one (78.2%). The
chondromalacia zone (Noyes) of the adjacent articular surface
was found in 96.7% of patients.
The information content of the MRI study consisted of
the calculation of the sensitivity, specificity, and accuracy of
the method at three stages: early stage, advanced stage, and
at the stage of complications. The survey gave the following
results (Table 1).
Table 1.
The informativeness of MRI at different stages of subchondral
insufficiency fracture

Fig. 5. MRI (PD-WI). Insufficiency
fracture. Subchondral collapse of
the weight-bearing aspect femoral
condyle.

Materials and Methods
We studied 150 patients with subchondral insufficiency
fracture at different stages of the process. For the purpose
of clinical control of the diagnosis, the patients underwent
control MRI after 3 months with a second consultation with
an orthopedist. MRI was performed on a 1.5T MRI machine

Stage of
Advanced stage complications

Criteria

Early stage

Sensitivity

97.2%

100%

96.0%

Specificity

66.6%

75.0%

75.0%

Accuracy

94.8%

98.7%

93.1%

Thus, at an early stage in the presence of subchondral
edema and the formation of a fracture line, there is some
risk of an erroneous diagnosis since posttraumatic condyle
contusion and transient osteoporosis of the knee condyle have
a similar MRI picture; therefore, the sensitivity of MRI at this
stage is very high, but the specificity does not show such high
numbers.
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At the stage of complications, there is a risk of a falsepositive result because subchondral collapse of the affected
condyle can be the outcome of osteoarthritis or acute
impression fracture. Therefore, the specificity of the MRI
method at the stage of complications is not so high.
In general, as shown in the table, the informativeness
of the MRI method is rather high at different stages of
subchondral insufficiency fracture.
In conclusion, subchondral insufficiency fracture of
the knee is an urgent medical problem that requires highquality early diagnosis. The method of choice for subchondral
insufficiency fracture is a high-resolution MRI of the knee
joint, which demonstrates high sensitivity, specificity, and
accuracy.
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Abstract
In the 1990s, DNA sequencing technologies could only read bite-sized pieces of DNA. Then came the human genome project
(HGP), a thirteen-year international effort, 1990-2003, with the primary goal of discovering the complete set of human genes,
sequencing nucleotides, and making the information accessible worldwide for further biological studies. We have come a long way
since that time in terms of sequencing the genes of the human genome. Now the researchers can sequence the DNA and analyze
gene-expressed proteins in individual cells, allowing them to dissect the complexities of genetic diseases with exceptional details.
Currently, technologies are available for single-cell or multi-omics platforms to analyze genotype and phenotype. The completion
of this one-of-a-kind project created public expectations for immediate, better health care delivery and possible cures for ‘so called’
incurable diseases. The HGP was the single most influential investment made in modern basic science research. A monumental
breakthrough in medicine has given us the ability to sequence the DNA in cancer cells to identify possible errors in mutations. The
impact of the HGP’s success was so significant that President Barack Obama initiated a very ambitious new ‘precision medicine’
research initiative and announced the launch of this project during his State of the Union Address in 2015. The benefits of precision and
personalized medicine include predicting susceptibility to diseases, improving disease diagnostics, preempting disease progression,
customizing disease prevention strategies, and developing personalized drugs and therapies. As examples of emerging therapies, we
have discussed the role of biomolecules and biologics in precision medicine applications like ‘The All of Us,’ personalized medicine
approaches for monogenic diseases like hemophilia, sickle cell disease, and other rare genetic disorders, and CRISPR gene-editing
technologies. Biomolecules play an essential role in all life processes, a variety of signaling processes, which are vital for normal
functioning of physiological responses, in the early diagnosis of risk factors for various diseases, in the development of diseases and
their progress. Furthermore, biomolecules, RNAs, DNAs, molecular and cellular engineering, genetic engineering of biologics, cells,
tissues, and organs, play an important role in emerging therapeutic applications. The majority of the therapies discussed in this review
are regulated as biologics under the Public Health Services Act of the USA. There is great interest in developing targeted therapy or
precision medicine therapy for monogenic diseases, organ transplant applications, and tumor management, designed to interfere with
targeted molecules for cancer-causing genes to slow the spread of cancer cells. Because molecular engineering, the development of
biologics, gene-editing applications, and biomanufacturing are key components of emerging therapies, a keynote series was organized
at INTERPHEX in November of 2021. INTEPHEX is the premier event that offers the latest intelligence, cutting-edge technologies,
and state-of-the-art innovation for product development for pharmaceutical and biotechnology platforms. In an earlier article in this
journal, we described drug discovery and development in the COVID Age; this overview provides a birds-eye view of the salient
findings in each emerging area of medicine—precision medicine, personalized medicine, and emerging therapies.(International
Journal of Biomedicine. 2022;12(1):70-81.)
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Introduction
The unprecedented pandemic of coronavirus disease
has created unfathomable healthcare and economic crisis
worldwide.(1-4) According to healthcare experts, over 1400
pathogens are capable of infecting humans, of which 500 are
capable of human-to-human transmission of pathogens.(5) Just
over two decades ago, the Nobel Laureate Joshua Lederberg
wrote, “The future of humanity and microbes likely will unfold
as episodes of a suspense thriller,”- that could be titled ‘Our Wits
and Their Genes.’(6) We did not have to wait for a distant future.
It looks like the SARS-CoV-2 genes have done it. They have
evolved from a simple respiratory virus to a highly transmissible
killer virus. The 1918 Influenza virus epidemic was considered
the ‘Mother of All Pandemics,’ as it caused greater than 50
million deaths.(7) Since that time, a major question has been
lurking in the minds of researchers. What makes some viruses
so fatal? Have some critical viral genetic events produced a
virus of remarkable pathogenicity? For instance, of the various
variants of coronavirus that have appeared, the delta variant so
far seems to be more virulent than the others. On the other hand,
the new variant Omicron with over 50 mutations seems to be
more infectious than delta and relatively less dangerous. Maybe
natural selection prefers the survival of the species better than
the severity of the disease. The authors of a seminal article on
Spanish Influenza concluded, “Even with modern antiviral
and antibacterial drugs, vaccines, and prevention knowledge,
the return of a pandemic virus equivalent in the pathogenicity
to the virus of 1918 would likely kill >100 million people
worldwide.”(7) Luckily for us, this prediction has not come true
so far, despite the high transmissibility and pathogenicity of the
coronavirus (nCoV-2).
SARS-CoV-2 (COVID-19) pandemic is an unusual,
singular disaster - it made the world realize the seriousness
of this public health crisis. Since it was identified in Wuhan,
China (December 2019), SARS-CoV-2 is continuously
evolving into different strains and spread worldwide.
Global public health experts were totally unprepared for
this magnitude of spread and destruction. However, it also
helped the Governments, philanthropies, academicians,
pharma companies to channel huge sums of money and

efforts toward COVID-19 research. The unprecedented
coronavirus pandemic also gave tremendous opportunities for
drug discovery and development. Professor Cody Meissner
at Tufts University School of Medicine in Boston says, “It is
absolutely astonishing that this happened (Operation Warp
Speed; development of Covid vaccines) in such a short time—
to me, it is equivalent to putting a person on the Moon.” “This
is going to change vaccinology forever.”(8,9) In the early days
of the outbreak of this virus, Chinese researchers revealed
the genomic information of the virus implicated in the
Wuhan pneumonia outbreak. Scientists at Moderna Biotech,
specializing in messenger RNA (mRNA) research, were able
to design a vaccine on paper in 48 hours, 11 days before the
US even had its first recorded Covid case. Within six weeks,
Moderna had doses of vaccine ready for testing in animals. It is
worth mentioning here the significant contributions of the US
National Institutes of Health; Dr. Graham and Dr. McLellan
of Vaccine Research Center, Bethesda, Maryland; Dr. Drew
Weismann of Perelman School of Medicine, University of
Pennsylvania; and Dr. Katalin Kariko of BioNTech, Germany,
for the eventual success of mRNA vaccine development.
COVID-19 pandemic and the discovery of mRNA vaccines,
to a great extent, have eclipsed the news about all other current
innovative research and innovations. In this overview, we will
briefly review some milestones in the development of bioactive
molecules, biologics, cellular and molecular therapeutics,
genetically modified molecules, cells, tissues, organs, and the
use of gene-editing tools in precision medicine, personalized
medicine, and emerging therapies.

RNA Therapies
Among biomolecules, nucleic acids, namely DNA and
RNA, have the unique function of storing an organism’s genetic
code, which is critical for the sustenance of life. Researchers
from the Houston Methodist Research Institute, Texas, have
reviewed the limitless future of RNA therapeutics.(9) According
to them, RNA therapeutics comprise a rapidly expanding
category of drugs (biologics) that will change the standard care
for many diseases and actualized personalized medicine. They
further emphasize that the drugs are cost-effective, relatively
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simple to manufacture, and can target undruggable pathways.
There are several cell-based therapies, which use mRNAs for
the expression of desired proteins, and have reached clinical
trials. The RNAs can also be designed to serve as gene-editing
tools to achieve the expression of desired proteins. RNA therapy
involves the use of coding RNA such as mRNA or RNAs such
as noncoding small interfering RNAs (siRNA), antisense
oligonucleotides (ASO), to target mRNA and clustered short
palindromic repeats (CRISPR/Cas) endonuclease to target
DNA and proteins. Rapid development in this technology has
resulted in the approval, in both the USA and Europe, of two
RNA-based therapies, for the treatment of hereditary ATTR
amyloidosis, a progressive, potentially fatal disorder. Several
miRNAs have recently been found to regulate adipose tissue
biology, to promote metabolic diseases, muscle biology, insulin
secretion, and action. Their altered expression may play a role
in the development of obesity, metabolic disorders, and their
clinical complications.(10) We are interested in exploring the
role of miRNAs in the development of metabolic risks, such as
oxidative stress (miR34a, miR638, miR150-3p), inflammation
(miR27a, miR146a, miR155), endothelial dysfunction
(miR29, miR126a-3p), subclinical atherosclerosis (miR121),
diabetes-related clinical complications such as peripheral
neuropathy (miR146a), retinopathy (miR21, miR124, miR200),
nephropathy (miR29c), various vasculopathies (miR200b,
miR200c, miR503), as well as fetal reprogramming of adipose
tissue biology. We and others hope that this emerging technology
will rapidly develop innovations in RNA therapies, facilitate
the cost-effective manufacture of therapeutic products, validate
them for clinical effectiveness, and provide safe and effective
therapeutics to the clinic. The ability to rapidly develop or
alter the sequence of the mRNA construct for personalized
treatments or to adapt to an evolving pathogen (COVID) makes
them unique therapeutics of the future.

Precision Medicine
President Obama announced a research initiative that aims
to accelerate progress toward a new era of precision medicine in
January of 2015, with the following announcement: “Tonight,
I am launching a new Precision Medicine Initiative to bring us
closer to curing diseases like cancer and diabetes — and to give
all of us access to the personalized information we need to keep
ourselves and our families healthier.” The proposed initiative
has two main components: a near-term focus on cancers and a
longer-term aim to generate knowledge applicable to the whole
range of health and disease. The initiative is supposed to tap
into converging trends of increased connectivity, through social
media and mobile devices, and Americans’ growing desire to be
active partners in medical research.(11,12) Authors describe, “The
convergence of genetics, informatics, and imaging, along with
other technologies such as cell sorting, epigenetics, proteomics,
and metabolomics, is rapidly expanding the scope of precision
medicine by refining the classification of disease, often with
important prognostic and treatment implications.” Despite the
growing knowledge in a variety of related areas, our ability
to harness the vast amounts of new knowledge and treatment
options with the framework of everyday clinical practice poses

a huge challenge. The accumulation of huge amounts of data,
which is collected and shared through machines and machine
learning applications, must be processed by data analysts, in a
way, that brings value and accuracy. There is a great need to
build a multidisciplinary team to process such massive research
and clinical data.
What are some concerns about such ‘Top-Down”
approaches? The All of Us Research Program plans to enroll a
diverse group of at least 1 million persons in the United States
to accelerate biomedical research and improve health.(13) The
program aims to make the research accessible to all participants,
and it is developing new approaches to generate, access, and
make data broadly available to approved researchers. As of 2019,
more than 175,000 participants have contributed biospecimens.
The All of Us data repository should permit researchers to
consider individual differences in lifestyle, socioeconomic
factors, environment, and biological characteristics, to advance
the precision diagnosis, prevention, and treatment. The major
weakness of The All of Us program is it does not focus on
any particular set of diseases or health status. Whereas, the
investigators of this study cited in support of their approach,
the success of international studies such as the U.K. Biobank,
the Million Veteran Program, the China Kadoorie Biobank,
and other research groups, which have shown the power of
very large cohorts for biomedical discovery. The investigators
accept the general concern that the translation of biological and
environmental discoveries into improved health is unlikely to
occur quickly. Since 2015, Congress has allocated 1.02 billion
to the All of Us program. The 21st Century Cures Act has
authorized an additional 1.14 billion through 2026.
A WHITE HOUSE blog dated January 30, 2015, claims
that Precision Medicine is already working to cure Americans.
It lists six personal stories of how precision medicine has
allowed cutting-edge treatment to further individuals’ health
and affects the lives of everyday Americans, their families,
and generations to come. Although not related to The All of
Us project, the stories include that of William Elder Jr., who
has been diagnosed with cystic fibrosis; Emily Whitehead,
who was the first pediatric patient to be treated with a new
kind of cancer immunotherapy; Melanie Nix diagnosed with
breast cancer (Positive for BRCA gene mutations); Hugh
and Beatrice Rienhoff, who had a defect resembling Marfan
Syndrome; Kareem Abdul-Jabbar, the famous basketball
legend, who was diagnosed with a form of leukemia, and also
mentions the name of Professor Keith Yamamoto, University
of California, one of the pioneers of precision medicine. Some
of the known successes of precision medicine are the treatment
of BRCA with Olaparib (86% success), EGFR with Erlotinib
Osimertinib (70% success), HER2 with Lapatinib Pertuzumab
(50-70% success), and KIT with Imatinib (50-80% success).
An emerging trend in precision medicine is the use of artificial
intelligence and machine learning approaches to improve the
traditional symptom-driven practice of medicine. Precision
medicine, from a clinician’s perspective, is about matching
the right drugs to the right needs of the patient. Personalized
medicine is still in its infancy—the future holds great potential.
The current understanding of precision medicine can be best
summarized by the statement of Dr. Nikhil Wagle, a cancer
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specialist at Dana-Faber Cancer Institute in Boston, “There are
very few instances in which we can look at a genomic test and
pick up a drug off the shelf and say, ‘That will work.’ That’s
our goal in the long run, but in 2018 we are not there yet.” One
emerging trend in precision medicine is the use of artificial
intelligence and machine learning to improve the traditional
symptom-driven practice of medicine.

Personalized Medicine
Human Genome Project, which began in the 1990s,
developed a complete sequence of the human genome (20,500
genes) in 2003. This historic milestone had a great impact on
how one studies and treats diseases. Since that time, researchers
have been able to identify the genetic basis of genomic variation
of thousands of diseases. Emmanuelle di Tomaso, Head of
Oncology, Precision Medicine, at Bayer, says, “Advancement
in genomics and the advancement of related precision therapies,
that pinpoint the genomic alteration driving specific disease,
are transforming clinicians’ approach to treatment.” A prime
example would be the success story of the personalized therapy
of Mila Makovec—a hyper-personalized, first individually
tailored treatment of its kind. Mila was diagnosed with a
devastating genetic disorder called Batten disease. Clinicians
in Boston, including Dr. Timothy Yu of Children’s Hospital
Boston, developed a personalized medicine, ‘milasen’, a oneof-a-kind drug, which has been named after her. Gina Kolata of
the New York Times writes, “A new drug, created to treat just
one patient, has pushed the bounds of personalized medicine.”
Milasen is a 22-nucleotide antisense oligonucleotide with
the same backbone and sugar chemistry as nusinersen.(14)
Nusinersen marketed as Spinraza has been used to treat spinal
muscular atrophy. Since 2016, more than 10,000 people have
been treated with this drug worldwide. The rapid advance made
in this case was the result of prior knowledge that antisense
oligonucleotides can be customized in a sequence-specific
fashion—the precedent of nusinersen, being safe and effective,
against spinal muscular atrophy, and relative simplicity of
manufacturing.
Ipek Kuzu became the first handful of patients to receive
a hyper-personalized gene-medicine tailored to treat a unique
mutation. Ipek, a three-year-old, has ataxia-telangiectasia (AT), a disease caused by an error in her DNA. It causes the loss
of brain cells and could lead to infection and cancer. The oneperson drug, designed by her doctor in Boston, Dr. Timothy Yu,
is named 'atipeksen' for A-T and Ipek. Most of such diseases
are caused by ‘genetic typos.’ The clinicians change the code,
reprogram the drug, and treat many genetic diseases.(15) There
are several challenges facing the development of personalized
gene-modulating drugs. The first and the foremost is the cost of
the development of such unique drugs. The second obstacle is
that insurance companies do not cover such experimental drug
development and treatments. Unless such treatments become
cost-effective, they will be orphan drugs. There are some moves
to convince funding agencies such as the National Institutes of
Health, the need to fund such projects. According to a news
report in the MIT Technology Reviews (2020), the FDA is
considering giving doctors leeway to modify genetic drugs to
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try new patients without securing permission each time. Yet
another serious challenge is, that short of a true healing, it may
be impossible to be sure that they really work.
Transfusion-dependent b-thalassemia (TDT), and sickle
cell disease (SCD), are monogenic diseases with severe and
potentially life-threatening manifestations (NEJM 2021;384:252260). A study sponsored by CRISPR Therapeutics and Vertex
Pharmaceuticals describes the first two patients, one with TDT, and
the other with SCD, who were infused with CTX001(autologous
CRISPR.Cas9-edited CD34+HSPCs that were genetically
edited to reactivate the production of fetal hemoglobin) and
enrolled in CLIMB THAL-111 and CLIMB SCD-121 clinical
trials. The authors of this multi-country study concluded, “Initial
results from the follow-up of the first two patients who were
treated with CTX001 have shown the intended CRISPR-Cas9
editing of BCL11A in long-term hematopoietic stem cells, with
durable engraftment, high levels of fetal hemoglobin expression
and the elimination of vaso-occlusive episodes or need for
transfusion.” Gene therapy is currently treating diseases ranging
from neuromuscular disorders, hematological disorders, cancer,
and blindness. Even though such therapies are available, health
insurance companies will not cover the cost, ranging from
400,000 to 2 million. “Completely curing patients is obviously
going to be a huge success, but it is not yet an achievable aim in
a lot of situations.” Says Julie Cruddle, a neurologist, and gene
therapy researcher, at the University of Washington. There is no
field in medicine that stands to benefit more from personalized
medicine than organ transplantation.(16)
In 1954, the kidney was the first human organ to be
transplanted successfully at the Brigham Hospital, Boston
MA. Dr. Joseph Murray was honored with the Nobel Prize in
medicine in 1990 for his efforts in the development of Kidney
transplantation. In first-of-a-kind kidney transplantation, the
University of Alabama surgical team transplanted gene-edited
kidneys of a pig into a man who was brain dead. The transplanted
kidneys made urine within 23 minutes. However, these kidneys
did not remove creatinine from his system. Liver, heart, and
pancreas transplants were successfully performed by the late
1960s. In 1967, both heart and liver transplantation was done
successfully. Almost 107,000 people in the USA are currently
waiting for life-saving organ transplantation. The major reason
for late allograft loss is chronic allograft damage (CAD). The
underlying mechanisms of CAD are poorly understood and
need to be unraveled if graft function and treatment are to
be successful.(16) According to the experts, the definition and
identification of valid pre-and post-transplantation biomarkers
will facilitate personalized medicine, leading to long-term
graft survival. Emerging therapies integrate information from
multiple platforms, like genotype analyses, single nucleotide
polymorphisms (SNPs), epigenetic studies, analyses of mRNA,
miRNA, proteins, peptides, and metabolite profiling. This
massive information must be processed by using artificial
intelligence and machine learning software analytics to develop
appropriate risk analysis and prediction of success rates.
We mentioned in the previous paragraph that thousands
of patients are waiting for organ transplantation. To overcome
chronic allograft damage of the transplanted organ, Dr. Bartley
Griffith, a distinguished Professor at the University of Maryland,
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performed the first-ever gene-edited pig heart transplantation
to Mr. David Bennett, who was waiting for a heart transplant
for several months. The genetically modified pig was created
by Revivicor, a biotech company. US/FDA had authorized the
surgery on December 31, 2021, under ‘expanded access’ or
sometimes referred to as “compassionate use.” To genetically
modify the heart, three genes were ‘knocked out’ for enzymes
that enable pig cells to synthesize sugars (alpha-gal) that are
responsible for causing an ‘antibody-mediated’ rejection of
pig organs in humans. Six tweaks were made in the DNA for
additions of human genes; two anti-inflammatory genes, two
genes that promote normal coagulation and prevent blood
vessel damage, and two other regulatory proteins that help tamp
down antibody response. Another one was also ‘knocked out’
to prevent excessive growth of the pig heart tissue. Six human
genes were inserted to encourage immune acceptance of the pig
heart. Xenotransplantation has seen significant advances with
the advent of CRISPR-Cas9 genome editing, which has made it
easier to create pig organs that are less likely to be rejected by
human immune systems.
Dr. Bert W. O’Malley, President and CEO of the
University of Maryland Medical Center, called the surgery a
“historic, monumental step forward.” For decades, we have
been at the forefront of research, driving progress toward the
promise of xenotransplantation, as a viable solution to the organ
crisis; many believed that this breakthrough would be well into
the future. I remember my days at the University of Minnesota,
decades ago, when the University established a new center of
excellence for “Xenotransplant Research.” The University of
Maryland, School of Medicine, with the help of Revivicor,
Blacksburg, Virginia (United Therapeutics), has achieved a
major milestone in xenotransplantation. Revivicor was also
behind the successful transplantation of a kidney into a human
patient last October 2021, which was the first milestone in
proving the viability of xenotransplantation. Harvard scientist
George Church cofounded a company, eGenesis, which is
working on using CRISPR gene editing to make animal
organs viable for human organ transplantation. A company in
Auckland, New Zealand (NZeno), is breeding miniature pigs
whose kidneys remain human-sized, without growth-hormone
modifications. As in any innovation, there is always a gap
between the research findings, recognition of the importance
of such discoveries by the regulatory agencies, and application
of such findings at clinical trials. This procedure is new highly
experimental, but the technique could help reduce transplant
waiting lists in the future.
In the early 80s, we at the University of Minnesota
were interested in pancreatic islet cell transplantation for
restoring functionalities in a diabetic animal model. We
used the streptozotocin-induced diabetic rat model for these
studies. The diabetic animals showed an altered arachidonic
acid metabolism. They produced more of proaggregatory
thromboxanes and less of vasodilatory prostacyclins (Fig 1).
Thromboxanes mobilize cytosolic calcium and induce platelet
activation. Whereas prostacyclins, via the action of cAMP, lower
cytosolic calcium and induce normalization of platelet activity.
Once the pancreatic islet cells were successfully transplanted
to these diabetic animals, the rats produced normal levels of

thromboxane and prostacyclin levels, suggesting that this druginduced diabetic state could be reversed and altered physiology
could be normalized.(17)

Fig 1. Altered arachidonic acid metabolism in
diabetic rats.
(Courtesy. Dr. Jon Gerrard, Winnipeg, Canada)

Four decades after we demonstrated the beneficial
effects of islet cell transplantation, Vertex Pharmaceuticals
of Boston, MA, have reported the results of a trial, which
infused cells grown from stem cells, like the insulin-producing
pancreatic islet cells, in the first-ever human studies of this
kind. Mr. Shelton was the first recipient who received the cell
infusion on June 29 of this year (2021). The New York Times
(November 27, 2021) published an article titled, “A Cure for
Type-1 Diabetes? For One Man, It Seems to Have Worked.”
The challenge these researchers faced was to find out what
sequence of chemical messages would turn stem cells into
insulin-secreting islet-like cells.(18) The major concern that
clinicians still have is “the trade-off between the burdens of
diabetes and potential complications from immunosuppressive
medications.”

Emerging Innovative Anti-Cancer Therapies
Target specific delivery of therapeutics is a challenge
when toxic drugs must be delivered to tumors. As early as in the
early 80s, researchers experimented with the idea of coupling
one of the most toxic biomolecules (Ricin), a glycoprotein from
castor seeds to cell-specific monoclonal antibodies, for use in
targeted delivery of anticancer drugs.(19) They demonstrated
that a monoclonal antibody, rat IgG2b directed against Thy
1.2 antigen, provides a new binding site for the murine thymus
cell surface. The authors concluded that “Ricin-monoclonal
antibody hybrids of this type (could be considered a biologics
or a device), combine a high degree of cell-type selectivity and
toxicity, and may have pharmacological utility as antitumor
agents. Viruses have been used as novel vectors for the cellspecific delivery of macromolecules, including toxins. UK
researchers have shown that Ricin, a known toxin, could be
encapsulated in a bacteriophage and delivered in a cell-specific
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manner to the targeted tissue.(20) Yet another toxic, small
biomolecule of therapeutic importance is 3-Bromo pyruvate
(3BP), a potent and specific anticancer drug, which targets
cancer cells’ energy metabolism, both its high glycolysis and
mitochondrial oxidative phosphorylation.
Professor Pederson and associates at the Johns Hopkins
University, School of Medicine, report a bench side discovery
that led to the effective bedside treatment of a cancer patient.
(21)
Targeted delivery of anticancer drugs is made difficult by a
series of biological barriers that impede the drugs from reaching
the target. Researchers from the University of Sciences and
Technology, China, report a stimuli-responsive clustered
nanoparticle to systematically overcome multiple barriers by
sequentially responding to the endogenous attributes of the
tumor microenvironment. They have shown that, once the
cluster accumulates on the tumor cells, the intrinsic tumor
extracellular acidity would trigger the discharge of platinum
prodrug-conjugated poly (amidoamine) dendrimers. They
claim that such structural alteration in size greatly facilitates
tumor penetration and cell internalization of the therapeutics.

Tumor Microenvironment (TME)
Pancreatic cancer is a devastating disease, the 5-year
survival is less than 5%, and most deaths are due to metastatic
disease.(22) The pancreatic tumor environment comprises of
tumor cells and a variety of stromal or non-malignant cells,
including stellate cells, inflammatory and immune cells,
blood vessels, extracellular matrix proteins, cytokines, growth
factors, and tumor-derived exosomes.
A study of 52,728 patients with pancreatic cancer
(Surveillance, Epidemiology and End Results; SEER)
revealed that the rate of distant metastasis increased in
a linear fashion with the increasing size of the tumor.
Cancer stem cell theory proposes that solid tumors contain
a small population of tumor-initiating cells or cancer stem
cells that are responsible for tumor initiation. Epithelialmesenchymal transition (EMT) involves the expression of
adhesion molecules, acquisition of an invasive phenotype,
which promotes cellular disassociation, degradation of the
basement membrane, and acquiring drug resistance. Several
transcription factors (Snail, Slug, and Twist 1) promote
the activation of EMT, whereas EMT is characterized by
downregulation of epithelial markers (E-cadherin, Vimentin,
and Fibronectin). Inflammation seems to be a major driver of
EMT in pancreatic cancer cells. Inflammation also seems to
modulate Kras (one of the genes involved in the epidermal
growth factor receptor pathway) and drive tumorigenesis.
Furthermore, the fibroinflammatory response seems to
influence the epigenome and metabolome, including Kras
targets (Csf2, Rrm2, and Sc4mol). Some of the potential
growth factors include connective tissue growth factor
(CTGF), hepatocyte growth factor (HGF), insulin-like
growth factor (IGFs), and interleukin-6 (IL-6), involved
in Ras-MAPK, MYC, and STAT signaling.(22) Exosomes
are vesicles that are released from the cells to provide
intercellular communication, containing DNA fragments,
mRNAs, and miRNAs.
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Tumor Suppression
There is emerging interest in metabolic pathways to
tumorigenesis. The tumor cell and tissue metabolism seem to be
far greater than normal cell and tissue metabolism. Therefore,
the importance of altering tumor tissue metabolism has emerged
as a crucial part of the current cancer research. Many tumors
can adopt a low-glucose consumption strategy by utilizing
alternative energy sources such as fatty acids, amino acids,
and lactate. Most cancers (90%) exhibit the “Warburg effect,”
showing a significant increase in glycolysis, even in the presence
of oxygen. Professor Peter L. Pederson and associates at Johns
Hopkins School of Medicine have demonstrated that 3-Bromopyruvate (3BP), a small molecule, can “trick” the cancer cells
and enter like a trojan horse and deplete their energy metabolism.
(23)
Cancer cells that exhibit the “Warburg effect” pump out lactic
acid through a transporter. The number of these transporters in
cancer cells is much greater than in normal cells. Therefore, 3BP,
which mimics the lactic acid in its chemical structure, enters the
cancer cells preferably via this transporter and destroys them. It
can be delivered to cancerous tumors via various routes. We have
been exploring opportunities to test the efficacy of this therapy in
India as a US-India bilateral research project.
An active tumor needs plenty of energy and nutrition
to maintain accelerated growth, which is common in tumor
progression. Neoangiogenesis is a key process to attain the
needed vasculature in the tumor environment. Therefore,
researchers are focusing their efforts on developing angiogenesis
inhibitors as a desirable anti-cancer strategy.(24) Because of this
focus, several regulatory and signaling molecules modulating
angiogenesis are of interest, including growth factors (VEGF,
PDGF, FGF, EGF), receptor tyrosine kinases, transcription
factors such as HIF, as well as signaling molecules like MAPK
and P13K. The ability of a tumor to induce neoangiogenesis is
termed “angiogenic switch”, which happens when the tumor
needs extra vascularization to meet the nutritional demands of
the rapidly growing tissues. During that time, pro-angiogenic
growth factors bind to receptors on endothelial cells, stimulate
vasodilation, permeability, and secrete matrix metalloproteinases.
Once these cells are detached, they migrate and proliferate, and
form new branches from the existing vasculature. Combination
of angiostatin and endostatin gene transfer seems to induce
synergistic antiangiogenic activity in vitro and antitumor efficacy
in leukemia and solid tumors in mice. There is a great demand
for pro-/anti-angiogenesis medicines to treat ischemic strokes,
brain tumors, and neurodegenerative diseases. Researchers from
the National Cancer Institute of NIH conclude, “Initial trials of
putative anti-angiogenesis inhibitors have shown some promise
in cancer, although this has not always translated to the clinic.”

Personalized Cancer Therapy
Personalized, Chimeric Antigen Receptor (CAR) T-cell
gene immunotherapy for aggressive pediatric blood cancers has
been hailed as transformative in Pediatric Medicine. CAR-T
cell therapy approach was first developed by Dr. Carl June, a
Professor of Pathology and Laboratory Medicine, Perelman
School of Medicine at the University of Pennsylvania. CAR-T
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cell therapy genetically modifies patient’s immune cells to
make them seek out and kill leukemia cells. Physician-scientists
of Children’s Hospital, of Philadelphia (CHOP) presented their
work on Kymriah ® (tisagenlecleucel, formerly CTL019)- the
first-ever U. S. FDA approved personalized CAR-T cell gene
therapy for aggressive blood cancers at the 60th American
Society of Hematology meetings in 2018. An updated, longerterm analysis of ELIANA, the first global CAR-T cell therapy
trial of Kymriah in children and young patients, showed an
82% remission rate within three months and 62% survival at
24 months. “Our unrivaled immunotherapy program treated the
first, and now more patients than any other pediatric institution
in the world, with this immunotherapy,” says Stephen Hunger,
Chief of the Division of Oncology and Director of the Center
of Childhood Cancer Research at CHOP. Immunotherapy has
shown success in 15 different types of cancers, including lung
cancer, head and neck cancer, bladder cancer, kidney cancer,
and Hodgkin lymphoma. More than 1,000 immunotherapy
clinical trials are underway across the country.
Suzanne Topalian, associate director of the BloombergKimmel Institute for Cancer Immunotherapy at Johns Hopkins
School of Medicine, led a team that contributed to the discovery
that many cancers “put the brakes” on the body’s immune
cells, that would normally attack a tumor and destroy it. Dr.
Topalian and associates developed a class of drugs called
immune checkpoint (ICP) inhibitors that take the brakes off
the immune system and give a second chance for the immune
system to fight cancer. Immunotherapy helps a person’s own
cells to attack their cancer. Therefore, it is personal medicine
approach therapy at its best. However, the real challenge is to
find out why the majority of people with cancer do not respond
to immunotherapy drugs. There is a great effort to find out who
will and who won’t respond to immunotherapy treatments. The
team at Johns Hopkins has identified biomarkers in a small
group of patients, which will indicate who will respond well
to checkpoint blockers. Currently, we know very little about
the various actors that modulate the tumor microenvironment
and the pathways that modulate various immune reactions.
However, cancer researchers say that the pace of immunotherapy
development is’ truly breathtaking’, and this momentum needs
to maintain in order to achieve success soon. Three decades
ago, researchers at the National Cancer Institute (NCI) of NIH
started working on CAR-T cell treatments painstakingly and
demonstrated the benefits of this approach in the treatment
of a variety of cancers. What started three decades ago as a
speculative idea in these laboratories is now common practice
in hospitals around the world. In a short overview like this, it is
difficult to discuss all aspects of Immuno-oncology. Readers are
urged to refer to original articles on this topic as well as to the
extensive review articles.(25)
Despite the advances made in cancer immunotherapy,
a great many challenges still exist. First and foremost is the
inability to predict treatment efficacy and patient response to
various customized treatments. We need to develop knowledge
about additional biomarkers for risk assessment and prediction
of success rates. We also need to develop clinical protocols based
on the information available from large databases, to optimize
the therapies and efficacy of such personalized therapies.

The fact that to date immunotherapies have demonstrated
efficacy in a minority of patients indicates that we do not
fully understand the multiple molecular mechanisms that
modulate tumor biology, growth, and metastasis. The observed
variability in patient response to immunotherapies may be
attributed to a lack of information on a variety of biomarkers
that modulate the tumor biology, tumor heterogeneity, tumor
metastasis, variability in tumor type and stage of development,
treatment history, and underlying immunosuppressive biology
of the tumor.(26) Personalized drug combinations seem to be
the futuristic approach to cancer immunotherapy. To achieve
such a degree of success, the clinicians need information on
mutation profile, genetic signature, epigenetic modifications of
immune and tumor cells, antibody response, biomarker profile,
immune cell characterization, and predictive genetic markers
and the ability to analyze such massive data and come up with
appropriate treatment protocols to enhance the success rates.

Gene Expression and Tumor Progression
or Regression
When considering gene expression and tumor biology,
two types of mutations modulate cancer cells; tumor
suppression genes, which inhibit cell growth and division,
and proto-oncogenes, which accelerate cell growth and
division. Gene expression is regulated during transcription
and RNA processing. The transcription control regions of
protein-encoding genes include the core promoter, where
RNA polymerase-11 binds the proximal and distal promoter,
responsible for gene expression regulation, and the enhancers
and silencers.(27) Transcription factors transduce the proliferation
signals elicited by growth factors. It is well established that
human oncogenes encode transcription factors, which are
prevalent in neoplasias (MYC, MLL, PML-RARa). The most
prominent tumor suppressors (p53) are transcription factors.
Studies with carcinogens have demonstrated that changes in
DNA methylation, histone acetylation and methylation, noncoding RNAs, post-translational modifications are all epigenetic
promoters of tumor progression.(28) In order to use the highthroughput data available on tumor promoters, suppressors,resulting gene expressions, modulation of transcription factors,
growth factors, and various signaling mechanisms, appropriate
software analytics and integrative algorithms are needed. This
brings the need for a multidisciplinary approach to cancer
management.
Cells become cancerous after mutations accumulate in
various genes that modulate cell proliferation. In normal cells,
hundreds of genes control the process of cell division and normal
growth. Studies by researchers at Cancer Genome Project,
Wellcome Trust Sanger Institute, UK, have demonstrated that
most cancer cells possess 60 or more mutations. Growthpromoting genes like signaling protein Ras, are among the
most mutated in cancer cells, promoting the formation of cells
that will be strongly stimulated by growth receptors. Some
anticancer drugs, for instance, work to counteract these effects
by blocking the action of growth-promoting signals. The wellknown breast cancer drug, Herceptin, blocks receptor tyrosine
kinase (RTKs). At the same time, mutations that lead to the
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suppression of cell proliferation are known as tumor suppressor
genes. Many cancer cells have two copies of the gene that codes
for p53, a multifunctional protein that senses DNA damage and
acts as a transcription factor for checkpoint control of genes. If
the checkpoints are missed, or repair genes are damaged, then
the rate of damage increases in the tumor microenvironment.
Tumor molecular profiling and analysis of the mutational
landscape seems to have become a fundamental component
of precision oncology.(29) Genomically-guided clinical trials
have begun to evaluate the efficacy of approved investigational
molecularly targeted therapies, for distinct tumor types with
shared genetic features.
Several studies have demonstrated the role of the tumor
microenvironment in the modulation of tumor progression and
resistance to therapies. According to Dr. Yu Sun of Shanghai
Institute of Biological Sciences, China, the TME decreases
drug penetration confers genetic mutations and epigenetic
changes, collectively modifying disease mortality and
disturbing clinical indexes.(30-33) Intrinsic mechanisms that are
responsible for this tumor resistance are enhanced drug efflux,
blunted apoptotic signaling, increased metabolic activity, loss of
specific oncogenes, a gain of stem cell plasticity, strengthened
DNA damage machinery -promoted by mutation-selective
and tumor heterogeneity. The TME comprises carcinogenetic
cells, cancer-associated fibroblasts (CAFs), cancer-associated
DNA (cDNAs), immune cells [T and B lymphocytes, tumorassociated macrophages (TAMs), and natural killer cells], the
vascular system, and the extracellular matrix (ECM, including
secreted cytokines, chemokines, metabolites, and exosomes).
The transformed cancer cells seem to interact with stromal
cells in the TME and promote tumor resistance. There are many
signaling pathways responsible for therapeutic resistance by
tumors. A well-thought-out therapy protocol should consider the
multiple mechanisms involved in tumor resistance to therapy
and optimize the therapies accordingly.
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editing cells inside the body to treat genetically defined diseases,
creating next-generation cell therapies for cancer, improving stem
cell use for tissue engineering, transplantation, and other therapies
through gene editing. The three main categories of genetic
editing that can be performed with CRISPR include disruption
of an unwanted segment of DNA (CAR-T Therapies), deletion of
an unwanted section of DNA (treatment of hemoglobinopathies),
or addition of a fragment of a DNA. Opportunities are abundant
as more than 10,000 monogenic diseases are caused by single
mutations in individual genes.
Precision medicine, personalized medicine, and genetic
engineering are emerging new fields that have gained a lot
of popularity, encouragement, and funding in recent years.
CRISPR editing technology may be used in combination with
Cas9 endonucleases for the development of new diagnostic
and treatment strategies. The most used CRISPR system is the
Type11 CRISPR-Cas system, which is made up of three main
components, including the trans-activating crRNA (tracrRNA),
the crisprRNA, and an endonuclease. Since the time the cancer
researchers realized that changes in the DNA cause cancer, they
have been exploring ways to correct those cancer-inducing
mutations by manipulating the DNA. A game-changer occurred
with the realization that a gene-editing tool could alter the DNA
in human cells like a very precise, ‘easy-to-use’ pair of molecular
scissors. As shown in Figure 2, the gene-editing tool consists
of a gRNA and DNA-cutting enzyme (Cas9). The researchers
design the guide RNA to mirror the DNA of the gene to be edited
(Target). The gRNA pairs with the Cas endonuclease and leads
the Cas to the target gene’s DNA. When the gRNA matches up
with the target gene’s DNA, Cas cuts the DNA. There exist some
concerns that this tool may cut DNA out of the target area (offtarget). Yet another concern is, what if it starts cutting random
parts of the genome? Finally, getting the gene-editing tool into
the cells itself could be a challenge at times.

Gene Editing Tools and Emerging Therapies
The discovery of gene-editing tools has extended our ability
to modulate genetic defects, treat diseases, and develop more
accurate cellular and molecular therapies.(33) Since the discovery
of CRISPR-Cas endonuclease as a programmable-guide nuclease,
gene editing with engineered nucleases has rapidly developed
into emerging therapies.(34) Clustered regularly interspaced short
palindromic repeats (CRISPR), ‘acts as molecular scissor’, to
find specific bits of DNA inside the cell (Fig 2). When CRISPR
Cas9 protein is added to a cell, along with a piece of guide RNA
(gRNA), the Cas9 proteins bind to the gRNA and move along
the strands of DNA until it finds a 20 -DNA-letter sequence that
matches the part of the gRNA sequence. The gRNA is made up
of two units: crisprRNA (crRNA), a 17-20 nucleotide sequence
complementary to the target DNA, and a tracrRNA, which
serves as a binding scaffold for the Cas nuclease. Customized
Cas proteins also have been developed, which do not cut the
DNA, but merely turn on (CRISPRa) or off (CRISPRi). Some
of the salient ongoing studies using this gene-editing tool include
treating hemoglobinopathies (aiming to treat β-thalassemia and
sickle cell disease with gene-edited hematopoietic stem cells),

Fig. 2. Schematic Diagram of How CRISPR Gene-Editing Tool
works.
(Credit: National Institute of General Medical Sciences, the US
National Institutes of Health)
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An especially exciting area of innovation in cancer therapy
is cell-based therapy, a treatment that uses a patient’s own
immune cells, or the immune cells from another individual, to
engineer potent killer cells and help fight the disease. According
to Tamas Oravecz, Vice President, Cell Therapy Platform and
Discovery, Janssen R & D, “Cell therapy has the potential to be
a one-time, singular treatment that provides benefits throughout
a patient’s entire lifetime.” Because “cell therapy provides the
body with ‘immunological memory,’ which means that a person’s
immune system stores information about a certain stimulus,
like a cancer cell, so it destroys it when encountered again.” In
brief, the technology involves procuring immune cells from the
patients adding laboratory engineered (genetically engineered/
molecular engineering) chimeric antigen receptor (CAR) to the
T cells. This modification turns T cells into CAR- T cells that
attack the patient’s cancer cells. A large number of CAR-T cells
are produced in the laboratory and are given to the patients by
infusions a few weeks after therapeutic protocols are initiated.
Another area of great interest is to use immune cells from healthy
donors. This approach is faster and less expensive to manufacture
than CAR-T using patients’ own cells. Fate Therapeutics, in
partnership with Janssen R&D, uses induced pluripotent stem
cells (iPSCs) to mass-produce therapeutic cells for cancer
therapy. Cellular therapy is considered the therapy of the future
To discover gene targets in cancer cells whose loss
enhances anti-tumor immunity, the researchers at the DanaFarber Cancer Institute, Boston, constructed a murine lentiviral
CRISPR-Cas9 knockout (MusCK) library.(35) This library
included 5 sgRNAs for each of the over 4500 genes implicated
in tumor initiation progression and immune modulation, which
contains both custom-designed short crRNA sequences fused
to the scaffold tracrRNA sequence. The principal component
analyzed in these studies was an abundance of expression of
sgRNA under each condition in 4T 1 cells. T cell-deficient hosts
had the biggest tumors, and immune-competent hosts had the
smallest. Functional Genomic screening using CRISPR-Cas9
resulted in the discovery of a novel cancer target. CRISPR
screens in cancer cells co-cultured with T cells have identified
genes that are; modulators of tumor immunity, novel immuneoncology targets, multiple regulators of PD-L1, Loss of Ptpn 2,
and Adar1as an enhancer of tumor sensitivity to immunotherapy.
These studies have demonstrated that E3 ligase Cop1 is a
modulator of macrophage infiltration, secretion of chemokines,
and enhancer of anti-tumor immunity. Furthermore, such studies
demonstrate the effectiveness of in vivo CRISPR screens in
identifying cancer-cell-intrinsic TME regulators.
To successfully apply gene-editing tools for in vivo
studies, one needs an efficient and robust screening method
with high levels of CAS9 and reliable single guide RNAs
(sgRNA). In a recent study, German and French collaborators
provide a sgRNA design tool that selects high-fidelity sgRNAs
and Cas9 that expresses high levels of Cas9 in transgenic mouse
lines.(36) The researchers were able to achieve average knockout
efficiency of 80% in primary B Cells. The authors developed
a Cas9-transgenic mouse with ubiquitous expression of Cas9
by crossing Rosa 26-with Cre-deleter mice and evaluated the
expression of Cas9, in the resulting R-26-Cas9iGFP/+animals.
All hematopoietic populations exhibited high GFP levels,

including hematopoietic cells in the bone marrow and various
lineages, such as T, B, and myeloid cells. They also studied the
inactivation of transcription factors (TFs), known to be important
for B cell differentiation. Expressing of sgRNA targeting for
TFs, led to a strong survival disadvantage of Cas9-expressing
cells, showing the decreased percentage of GFP+cells. These
studies further demonstrated that the following TFs: Prdm 1,
Xbp1, Irf4, Pou2af 1, and Myc are important for B-cell survival,
proliferation, and terminal differentiation. To identify genes of
importance for B-cell activation, they selected 83 candidate
genes upregulated during plasma cell differentiation, designed
sgRNA for each gene, and studied using GFP+ and CD138+
cells as readouts. Take-home lessons from these studies are that
the screening system developed by these researchers leads to
clear and consistent functional results, permitting the use of
small-scale screens in primary mouse cells without the need for
high numbers of sgRNA genes or deep sequencing.
Despite the fact the targeted nucleases are powerful
tools for modulating gene alterations, there are some concerns
that researchers have about the editing tool cutting ‘off target’
regions of the DNA. Researchers from the Massachusetts
Institute of Technology (MIT) have described a set of tools for
Cas9-mediated genome editing via nonhomologous end joining
(NHEJ), or homology-directed repair (HDR), in mammalian
cells.(37) To minimize off-target cleavage, they describe a
double-nicking strategy, using Cas9 nickase mutant with paired
guide RNAs. They have shown that by fusing the crRNA with
tracrRNA one can develop a chimeric, single-guide RNA
(sgRNA) Cas9 and can be directed toward any target of interest.
They predict that by directly injecting sgRNA and mRNA
encoding Cas9 into embryos, one can enable rapid generation
of transgenic mice with modified alleles. In this study, they have
demonstrated simultaneous targeting of two human DYRK1A
and GRIN2B loci at efficiencies of 65-58% for each locus. The
authors provide extensive details of the protocols used for each
of their experiments, also address concerns, questions, which
are frequently asked (discuss.genome-engineering.org), and
answers to some of the questions from their personal experience.
The first clinical trial in the United States to test a CRISPRmade cancer therapy was launched in 2019 at the University
of Pennsylvania. The study, funded by the National Cancer
Institute (NCI) of NIH, is testing a type of immunotherapy in
which patients’ own immune cells are genetically modified to
better ‘see’ and kill their cancer. According to NCI news of July
27, 2020, therapy involves making four genetic modifications
to T cells, immune cells that can kill cancer. First, the addition
of a synthetic gene gives the T cells a claw-like protein (called
a receptor) that ‘sees’ NY-ESO-1, a molecule on some cancer
cells. Then the CRISPR is used to remove three genes; two that
can interfere with the NY-ESO-1 receptor and another that limits
the cancer-killing abilities. The product that was developed to
achieve these desired features was grown in large quantities and
infused into patients. This procedure was tested in two patients
(multiple myeloma and sarcoma) and found safe for use. The
tumors stopped growing for a while but resumed growing later.
Other clinical studies of CRISPR-made cancer treatments are
underway. A few trials are testing CRISPR-engineered VAR-T
cell therapies, another type of immunotherapy. One company is
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testing CRISPR-engineered CAR -T Cells in people with B cell
cancers and people with myeloma.
Cancer immunotherapy has started to undermine
melanoma, non-small cell lung cancer, kidney cancer, head
and neck cancers, and Hodgkin’s lymphoma. There are
tremendous opportunities in this field of research. In this
overview, we have just discussed a few examples of emerging
therapies. Readers are urged to consult original articles and
monographs on this subject.(38-43)
There is a false belief that the availability of vast amounts
of multi-omics data generated from large cohorts of the
population represents a unique opportunity for the development
of precision medicine. Researchers from Harvard Medical
School rightly point out that it is the algorithms encoding causal
reasoning domain (e.g., clinical and biological) knowledge
that will facilitate the transformation of medicine to precision
medicine.(43,44) In their review of this topic, they discuss
principles of data science and suggest three defining tasks:
1) Association prediction, 2) Intervention, 3) Counterfactual
causal interference. They conclude, “As machine learning
algorithms become ubiquitous tools to handle quantitatively
“big data,” their integration with causal reasoning and domain
knowledge is instrumental to qualitatively transform medicine,
which will, in turn, improve health outcomes of patients.”
Mexican researchers have studied the association between
genetic variants (SNPs), previously associated with COPD and
IPF (FAM13A), rs2736100 (TERT), rs2076295 (DSP), 128
rs5743890, and rs111521887 (TOLLIP), and the risk of CPFE
in a mestizo Mexican population.(45) They point out a differential
genomic profile between COPD patients with emphysema, IPF,
and CPFE that could represent different underlying mechanisms
involved in the pathogenesis of the three diseases.
Like the ideas that exist about the role of precision
medicine, there is a widespread belief that the underlying
heterogeneity of many diseases suggests strategies for
treating an individual with a disease, alternately a possibility
for monitoring or preventing a disease. Because of such
a belief, there is an increased expectation that treatments
should be tailored or ‘personalized’ to that individual’s
unique biochemical and physiological profile.(46) We have
discussed a few successful cases where drugs were developed
to treat individuals with incurable conditions. The ubiquity of
smartphones and smartphones ‘apps’ has created a concept of
‘digital therapeutic’ or digital healthcare.(47) Many digital ‘apps’
have undergone evaluation for their ability to engage users
and provide benefits.(48) The US/FDA has created guidelines
for registering digital therapeutics as insurance-reimbursable,
approved health technologies. Dr. Kevin Dozo of Integrative
Biomedical Sciences, Faculty of Health Sciences, University of
Cape Town, South Africa, summarizes the progress in emerging
cancer therapies in his recent review, “Although there may be
successful stories to tell, evidence/data showing that cancer
treatment (chemotherapy, radiotherapy, immunotherapy) itself
and the involvement of tumor stromal components can result in
resistance is discouraging. This is akin to unsuccessful attempts
at removing rogue regimes and can cause the hardening of such
regimes.”(49) Researchers from the Center for Open Science
University of Virginia attempted to replicate 193 experiments
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from 53 papers, but experienced reproducibility challenges at
every phase of the research lifecycle. They also indicate none
of the 193 experiments were described completely enough to
design a replication protocol, without requesting clarifying
details from the original authors. (50)

Conclusions
The first therapeutic protein molecule, other than
antibodies (1986), is insulin (discovered in 1921), the first
recombinant biopharmaceutical, approved in the USA in
1982 as an interchangeable biosimilar. Emerging innovations
and advances in molecular biology, genomics, cellular and
molecular engineering have dramatically increased the discovery
and development of new and novel biopharmaceuticals. Big
Pharma companies now have the capability to develop both
small molecules as well as blockbuster biologics. Advances
in biotechnology, genomics, progress made in decoding of the
RNAs and DNAs, availability to gene-editing tools, stem cell,
and gene therapy applications have given researchers a great
opportunity to develop precision medicine as well as personalized
medicine. Having said that, we must inform the readers that the
development of mRNA vaccines from the time the data on the
SARS-CoV-2 genome was made available to a working vaccine
was nothing short of a modern miracle. Success made in the
rapid development of these technologies has given researchers,
pharma companies, and clinicians limitless opportunities for
RNA therapeutics for use as the standard care for many diseases,
especially for the development and progress of personalized
medicine. Scientists have used the word ‘limitless’ to describe
the future of these emerging therapeutics.
High-throughput analytical technologies, ‘big data,’
artificial intelligence, and machine learning applications have
revolutionized medical research. At the time of this writing,
the largest application of genetic testing in medicine occurs in
newborn screening. There are suggestions and speculations that
genomic sequencing could become a standard component of
newborn care. Currently, we still have a limited understanding
of strategies and protocols for managing genomic data,
and analyzing the massive amounts of data available for
developing useful information for clinical applications. This is
true for other emerging areas such as genomics, epigenomics,
genome-association study (GWAS), as well as for studies on
microbiomes, proteomics, metabolomics, transcriptomics, and
multi-Omic platforms. Despite the advances made in these areas,
routine implementations of data on a population scale require
advances in data acquisition, analysis, and cost-effectiveness.
Clinicians would like to see the progress made in these areas
to a level when they can just look at big-data banks and find
specific causes for a disease (clinical decision support system),
or a cluster of diseases, pick up a drug or a combination of
drugs, off the shelf or find an approved safe efficacious therapy
for such a disease that will work. We are not there yet.
In a Lancet Editorial (May 15, 2021) titled, ‘20 Years of
precision medicine in oncology’ the editor concludes, “But the
past 20 years have been colored by advanced scientific conceptual
breakthroughs, without adequate focus on the basic building
blocks of implementation, and the practicalities of patient
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care.” In a way, this editorial stresses the need for a solution
that is formulated on evidence-based observations, rather
than depending upon sporadic discoveries and innovations. A
century ago, the discovery of a biomolecule, ‘insulin,’ played
an important role in understanding the role of hyperglycemia
and how to control this altered glucose metabolism. The
discovery of another set of biomolecules, ‘antibiotics’ gave
us the ability to control to a great extent infectious diseases.
Then came the discovery of the structure of a macromolecule
of great importance to life itself, DNA. Knowledge gained over
the years gave us an opportunity to reconstruct and reprogram
a messenger RNA, to use as a therapeutic agent at the shortest
possible time. This technology of mRNA therapy used not only
a biomolecule but an ‘entire cargo’ of biologics to achieve safe
delivery of a therapeutic messenger. The ability to decipher
the biological code of the nucleotide sequence and reconstruct
the desired protein/peptide messengers has increased our
capabilities to develop a host of novel emerging therapeutics.
The discovery of a novel ‘molecular scissor,’ CRISPR-Cas9, - a
simpler, faster, precise, gene-editing tool, will change the way
we perform cancer research as well as gene therapies.
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Abstract
The aim of this review was to compare the efficiency of conventional ultrasound (CUS), contrast-enhanced ultrasound
(CEUS), and 99mTc-MIBI scintigraphy in imaging parathyroid gland lesions in patients with primary hyperparathyroidism (PHPT).
In this review, we attempted to present a clear view of the most reliable or precise technique for detecting parathyroid gland
(PG) pathology in PHPT. Our study relied on secondary data based on the review of the extant literature on PHPT imaging. The
research retrieved articles from the scholarly databases Google Scholar, Web of Science, and PUBMED/MEDLINE that examine
the efficiency of CUS, CEUS, and 99mTc-MIBI scintigraphy in imaging PGs in PHPT patients. The study retrieved secondary
data from past research identified using keyword and medical subject heading terms like “Ultrasound,” “Contrast-Enhanced
Ultrasound,” “Sonography in parathyroid,” “Primary hyperthyroidism,” “Scintigraphy,” and “Contrast-enhanced ultrasound in
parathyroid disease.” This study only relied on original contribution papers presented in English and published between 2011
and 2021. We found that CEUS has a comparable sensitivity to 99mTc-MIBI scintigraphy so that it can be used in patients who
have a contraindication to scintigraphy or in a hospital without nuclear medicine facility. CEUS is able to detect very small size
adenomas, whereas the detection using scintigraphy depends on the size of the diseased glands and the cytology.(International
Journal of Biomedicine. 2022;12(1):82-88.)
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CEUS, contrast-enhanced ultrasound; CUS, conventional ultrasound; CT, computed tomography; PTA, parathyroid adenoma;
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P

rimary hyperparathyroidism (PHPT) is characterized
by elevated serum calcium concentration and
elevated or inappropriately normal parathyroid hormone levels.
Silverberg describes the skeletal hallmark of PHPT as osteitis

fibrosa cystica, radiographically characterized by brown
tumors of the long bones, subperiosteal bone resorption, distal
tapering of the clavicles, and phalanges, and “salt-and-pepper”
erosions of the skull. Nephrocalcinosis and nephrolithiasis, as
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well as neuromuscular symptoms (proximal muscle weakness,
atrophy, hyperreflexia, and gait disturbances), are present in
the majority of patients.(1)
PHPT results from excessive secretion of parathyroid
hormone from one or more of PGs. The underlying cause of
sporadic PHPT is unknown in most cases. Long-term lithium
therapy, a history of radioactive iodine therapy for thyroid
disease, or external neck radiation are risk factors for sporadic
PHPT. Other risk factors recently described are chronically
low calcium intake and higher body weight.(2,3)
The most common pathological finding in patients with
PHPT is a solitary PTA, occurring in 80% of patients.(4) All 4
PGs are involved in approximately 15% of patients. Golden
SH parathyroid carcinoma has been found in <1% of all cases
of PHPT.(5)
CUS and 99mTc-MIBI scintigraphy (99mTc sestamibi,
also known as hexakis 2-methoxyisobutyl isonitrile) are the
imaging techniques for the preoperative location of PTAs.
Numerous studies comparing these techniques suggest similar
sensitivities and specificities for detecting solitary adenoma.
Localization accuracy is also improved when both studies are
obtained preoperatively. Contrast-enhanced CT and MRI can
also effectively locate PTAs but are less commonly used for
preoperative location.(6)
Currently, CEUS has been used to help distinguish
PTAs from thyroid nodules and lymph nodes. One study
revealed CEUS had a sensitivity of 66.7% for detection of
SAs compared to 77.8% for 99mTc-MIBI SPECT scintigraphy
and 51.8% for a high-resolution ultrasound.(7) The sensitivity
increased to 82.7% when 99mTc-MIBI scintigraphy and CEUS
results were paired together. CEUS may be superior to highresolution ultrasound because the ultrasound contrast agent
allows for amplification of vascular signals in the lesions,
providing additional diagnostic value.(7-9) One study showed
that the CEUS had a sensitivity of 98.4% and specificity of
98.4% for detecting pathology in PGs.(8) CEUS is a highly
sensitive, quick, and cost-efficient method for localization
of pathological PGs and is reliable even in the presence
of concomitant goiter, after previous neck surgery, and
with the multigland disease.(9,10) The CEUS features of the
intrathyroidal adenoma include intense, homogeneous, and
very early arterial enhancement, which is often apparent as
quickly as 4–5 seconds after injection. Further, enhancement
tends to persist in the adenoma after the adjacent thyroid
has begun to clear the contrast agent. CEUS has localized a
PTA in the setting of multiple background thyroid nodules in
Hashimoto’s disease.(11)
In this review, we attempted to present a clear view of the
most reliable or precise technique for detecting PG pathology
in PHPT. Our study relied on secondary data based on the
review of the extant literature on PHPT imaging. The research
retrieved articles from the scholarly databases Google Scholar,
Web of Science, and PUBMED/MEDLINE that examine the
efficiency of CUS, CEUS, and 99mTc-MIBI scintigraphy in
imaging PGs in PHPT patients. The study retrieved secondary
data from past research identified using keyword and medical
subject heading terms like “Ultrasound,” “Contrast-Enhanced
Ultrasound,” “Sonography in parathyroid,” “Primary
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hyperthyroidism,” “Scintigraphy,” and “Contrast-enhanced
ultrasound in parathyroid disease.” This study only relied
on original contribution papers presented in English and
published between 2011 and 2021. The study focused on presurgical detection and localization of pathologic PGs using
CUS, CEUS, and scintigraphy. However, systematic reviews,
literature reviews, case reports, and studies undertaken
before this period were considered inadequate, or the data
was too old, and therefore excluded. The papers provide
varying perspectives on PHPT and the treatment approaches.
Each of these approaches is individually important towards
understanding the collective gains made and existing gaps in
the treatment of the disease.
The data needed for the cross-document comparisons
included the journal name, date of publication, number of
times cited, and the study design. Additional considerations
had inclusion and exclusion criteria, population and period,
and the accuracy, specificity, and sensitivity of the result. This
paper compares and analyzes the efficiency of the 3 discussed
techniques (CUS, 99mTc-MIBI scintigraphy, and CEUS) per
the sensitivity, specificity, and ability to detect ectopic glands,
thyroid concomitant goiter, and multiglandular disease. The
paper considered additional factors influencing efficiencies,
including cost, invasiveness, treatment side effects, anatomical
resolution, radiology expertise, and availability. These factors
are critical to early detection, proper diagnosis, effective
treatment of the disease, and potential prevention.
We reviewed a total of 64 articles; 49 studies met
exclusion criteria. Results in 15 studies were selected for
review: the included studies reported various imaging
modalities for pre-surgical localization: CEUS, CUS, and
99m
Tc-MIBI scintigraphy. Seven papers compared CEUS with
CUS, 2 compared CEUS with 99mTc-MIBI scintigraphy, and
5 compared 99mTc-MIBI scintigraphy with CUS. CEUS and
99m
Tc-MIBI scintigraphy. Half of the studies included were
retrospective studies. All the studies included patients with
PHPT, which indicates surgery, diagnosed clinically and by
biomedical results. The patients with recurrent, persistent, or
secondary hyperparathyroidism or with a history of allergy to
contrast media were excluded. The included articles that use
CEUS as an imaging modality for localization are summarized
in Table 1, and those that use CUS and scintigraphy are
summarized in Table 2.
CEUS
Nine articles included had publication periods from 2011
to 2019. All studies used SonoVue (Bracco S.p.A., Milan,
Italy) as the contrast agent and were performed by expert
operators. The use of CEUS has the advantage of identifying the
pathological PGs from the adjacent isoechoic thyroid nodules
and the cervical lymphadenopathy, where they may have the
same echogenicity. Several studies have demonstrated higher
sensitivity of CEUS in detecting single PTA. CEUS alone had
a sensitivity of 66.7%-100%. Summarization of 9 published
articles can be found in Table 1. Thus, the sensitivity and
specificity of CEUS and CUS for detecting SAs are presented.
The statistical P-value in the sensitivity between the 2 modalities
was reported in 7 of the 9 articles included.
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Table 1.

Studies that compare the use of CEUS with CUS or/and 99mTc-MIBI scintigraphy
STUDY

Imaging
Modality

n

SA

MGD/
surgical result CG

1

Hornung et al.(12)

CUS
CEUS

60
60

22
59

NR
NR

2

Uller et al. (8)

CEUS

26

23

3

Agha et al. (9)

CUS
CEUS

30
30

4

Karakas et al. (15)

CUS
CEUS

5

Agha et al.(10)

6

Sensitivity
P- value

Ectopic Sensitivity,%

Specificity,%

8
NR

0/0
0/0

70%
98.3%

NR
NR

2/2

14

0/0

98.4%

98.4%

<0.05

25
29

0/1
1 /1

NR
NR

0/0
0/0

80%
100%

NR
NR

0.015

25
25

18
18

1/5
1/5

1/1
1/1

0/0
0/0

86%
86%

NR
NR

NR

CUS
CEUS

75
75

48
68

1/5
5 /5

16
25

NR
NR

68.5%
97.1%

NR
NR

<0.006

Aghaa et al. (24)

Sci
CEUS

75
143

45
139

NR
NR

NR
NR

NR
NR

60.8%
97.2%

NR
NR

0.019

7

Para Ramírez
et al. (7)

CUS
Sci
CEUS

27
27
27

14
21
18

0/2
0/2
2 /2

NR
NR
NR

NR
NR
NR

51.8%
77.8%
66.7%

NR
NR
NR

NR

8

Da Silva et al. (13) CUS
CEUS

42
42

NR
42

NR
NR

NR
NR

NR
NR

100%

NR
NR

0.356

9

Piccin et al. (14)

336
198

NR
NR

NR
NR

99

NR
NR

76.2%
72.8%

97.3%
97.3%

0.337

CUS
CEUS

0.001

n - number of patients; Sci- 99mTc-MIBI scintigraphy; SA - single adenoma; MGD - multiglandular disease; CG - concomitant goiter; NR - not
reported; Ectopic - ectopic parathyroid gland; 0/0 - none of patients has ectopic glands.
Table 2.
Studies that compare the use of 99mTc-MIBI scintigraphy (Sci) with CUS
Study

Imaging
modality

n.

SA

MGD

CG

10

Elsayed and Ali.(17)

CUS
Sci
CUS +Sci

45
45
45

NR
NR
NR

NR
NR
NR

NR
NR
NR

NR
NR
NR

94.4%
97.4%
97.4%

44.4%
71.4%
83.3%

NR

11

Argirò et al.(18)

CUS
Sci
CUS+ Sci

46
46
46

41
38
43

0
0
0

NR
NR
NR

0/1
0/1
0/1

89.1%
83.6%
93.4%

97.5%
98.3%
98.3%

NR

12

Scattergood et al.(19)

CUS
Sci
CUS+ Sci

184
184
184

NR
NR/
NR

NR
NR
NR

NR
NR
NR

0/0
0/0
00

70%
64%
81%

57%
57%
71%

0.34
<0.001

13

Vitetta et al.(20)

CUS
Sci

108
108

NR
NR

NR/9

NR
NR

14/18
16/18

84%
71%

94%
90%

<0.05
<0.05

14

CUS
Ibrahim and Elsadawy (21) Sci
US+ Sci

40
40
40

35
34
37

0
0/1
0
NR
(Multidrug) NR

NR
NR
NR

87.5%
85%
92.5%

66.6%
100%
100%

NR

15

Akbaba et al.(22)

US
Sci
US+ Sci

98
98
98

82
66
93

NR/2
NR/2

0/2
2/2
2/2

87.2%
70.2%
94.9%

25%
50%
NR

NR

0/7
NR
NR

Ectopic

Sensitivity% Specificity

Sensitivity
P- value

n - number of patients; Sci- 99mTc-MIBI scintigraphy; SA - single adenoma; MGD - multiglandular disease; CG - concomitant goiter; NR - not
reported; Ectopic - ectopic parathyroid gland; 0/0 - none of patients has ectopic glands.

M. M. Alramadhan et al. / International Journal of Biomedicine 12(1) (2022) 82-88

In a study by Agha et al.,(9) which included 30 patients,
3 imaging modalities were used for pre-surgical mapping; the
sensitivity of CUS, 99mTc-MIBI scintigraphy, and CEUS were
80%, 80%, and 100%, respectively. CEUS was superior in
detecting PGs in a patient with concomitant thyroid goiter or
in the presence of lymphadenopathy, where it is known that the
ability of CUS in such cases is limited. However, none of the
patients presented with ectopic PG, which is known as one of
the CUS limitations that would affect the sensitivity of CEUS.
Hornung et al.(12) concluded that CEUS is a highly
sensitive diagnostic tool for localizing pathology in PGs in
PHPT patients. Nevertheless, it can only be recommended as
a first-line diagnostic procedure in specialized clinical centers
with experienced investigators, as its sensitivity is 98.3%,
compared to 70% in CUS.
In a study by Silva et al.,(13) a review of 42 patients
showed that the sensitivity of CEUS reached 100%. None of the
included patients presented with ectopic parathyroid locations.
However, that study revealed a new method to quantify the
contrast in PGs by using Vuebox Perfusion Analysis software,
where the dynamic CEUS analyzed 42 patients with symptoms
of PHPT. According to the results, qualitative measurement of
contrast perfusion is more accurate than quantitative analysis
by Vuebox. However, the latter seems a promising method
in the quantification measurement of CEUS, where 25 of 28
cases were successfully diagnosed with PTAs (sensitivity
of 89.3%). This result makes the diagnoses more accurate
and less expensive but requires slight improvements to the
software to prevent potential human-induced errors.
Piccin et al.(14) found that the sensitivity of color Doppler
US was significantly higher than SPECT, while the sensitivity
of 4D-CT was significantly better than US and SPECT for the
preoperative localization of abnormal parathyroid gland/s. The
authors concluded that in patients with concomitant thyroid
pathology, the combination of US and 4D-CT represents a
reliable localization technique.
The sensitivity of CEUS for detecting single adenomas
was 97.1%, and double adenomas reached 100% in 70 patients
diagnosed with PHPT in a study by Agha et al.(10) Also, CEUS
showed the sensitivity of detecting concomitant thyroid goiter
as 100%, while that of CUS was 64%. In a study performed
by Ramírez et al.,(7) CEUS revealed a sensitivity of 66.7%
for detecting SAs, in comparison with 77.8% for 99mTc-MIBI
SPECT scintigraphy and 51.8% for high-resolution US in 29
patients with PHPT. With CEUS, DAs could be detected in
both cases.
In a study by Karakas et al.,(15) 25 patients with
biochemically proven PHPT underwent preoperative US,
MIBI/SPECT, and CEUS. In 17(68%) patients, US and
MIBI/SPECT raised suspicion of parathyroid lesions and
all suspected lesions were reassessed by CEUS. However,
additional information was not obtained about using CEUS
compared to results of US and MIBI/SPECT.
The sensitivity of CEUS in detecting small size
adenoma (0.5cm -1.5cm) was significantly higher than the
CUS. The sensitivity achieved by CEUS and CUS from each
study included in this review is represented in a column chart
(Fig.1).
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Fig. 1. The sensitivity achieved by CEUS and CUS.

CUS and 99mTc-MIBI Scintigraphy
In a systematic review and meta-analysis, the pooled
sensitivity of CUS was reported to reach 80% and scintigraphy
83% among 12 studies. Ruda et al.,(16) analyzing 20,225
cases of PHPT, stated that the sensitivity for 99mTc-MIBI
scintigraphy and CUS were 88.44% and 78.55%, respectively
for single adenoma, 44.46% and 34.86% for multiple gland
hyperplasia disease, and 29.95% and 16.20% for double
adenoma, respectively.
The comparison between 6 studies using CUS and
99m
Tc-MIBI scintigraphy and combining the 2 methods is
summarized in Table 2. The sensitivity and specificity of
each study are included. The numerical values for an single
adenoma detected by CUS or 99mTc-MIBI scintigraphy were
not reported in 3 papers, and the P-value of the sensitivity
between the 2 imaging procedures was calculated only in 2
studies.
Elsayed and Ali (17) compared the efficacy of CUS and
99m
Tc-MIBI scintigraphy and a combination of these methods
in preoperative detection and localization of PHPT. The study,
which included 45 patients, revealed that the sensitivity and
specificity for 99mTc-MIBI scintigraphy were 97.4% and
71.4%, and the values for CUS were 94.4% and 44.4%,
respectively. However, the combined approach values were
higher, returning 97.4% for sensitivity, 83.3% for specificity,
and 95.6% for accuracy. The study recommends a combined
approach that uses CUS and 99mTc-MIBI scintigraphy for
PHPT localizing. This approach would result in higher
efficiency with a reduced chance of missing parathyroid due
to the presence of concomitant thyroid pathology.
Argirò et al.(18) examined the diagnostic accuracy of
99m
Tc-MIBI scintigraphy in preoperative localization of
PTAs as compared to CUS. The study included 46 PHPT
patients who underwent CUS, 99mTc-MIBI scintigraphy, and
MRI. The researchers found that ultrasound was effective,
correctly localizing 41 out of the 46 PTA cases. CUS had
89.1% sensitivity and 97.5% specificity. In comparison, 99mTcMIBI scintigraphy was accurate for 38 of the 46 cases, with
a sensitivity score of 83.6% and a specificity score of 98.3%;
the combined method yielded a sensitivity of 93.4% and
specificity of 98.3%.
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Scattergood et al.(19) analyzed the patients with a
histological diagnosis of a PTA. The authors determined that
CUS had a higher sensitivity than 99mTc-MIBI scintigraphy:
the sensitivity of CUS was 70%, specificity - 57%, while the
sensitivity of 99mTc-MIBI scintigraphy was 64% and specificity
- 57%. There was enhanced sensitivity and specificity
when CUS and 99mTc-MIBI scintigraphy were combined in
preoperative localization for PHPT patients - 81% and 71%,
respectively.
Vitetta et al.(20) conducted a retrospective comparative
study to determine the prospective functions of parathyroid
scintigraphy and ultrasonography localization of the neck.
The study also measured the intra-operator reliability, and the
agreement between the 2 ultrasound sonographers was high.
Ibrahim and Elsadawy(21) stated that the combined use of
CUS and 99mTc-MIBI scintigraphy improved the pre-surgical
localization of PTAs.
The study by Akbaba et al.(22) compared various
preoperative imaging methods used for PHPT patients.
Specifically, the study compared CUS, 99mTc-MIBI
scintigraphy, SPECT, and MRI. The accuracy rates for
these preoperative approaches were assessed in 98 patients
with known PHPT. Each patient was taken through
parathyroidectomy. In that study, a preoperative localization
approach was used in 82 cases of patients with abnormal
PGs, while 99mTc-MIBI scintigraphy was done in 66 of the
cases. The study determined that CUS has the highest values
for sensitivity, specificity, and diagnostic accuracy, compared
to other methods. The sensitivity, specificity and diagnostic
accuracy values were 87.2%, 25.0%, and 83.0% for CUS,
70.2%, 50.0%, and 69.4% for 99mTc-MIBI scintigraphy,
75.5%, 50.0%, and 74.5% for SPECT, and 63.8%, 50.0%,
and 63.3% for MRI, respectively. Therefore, CUS was
found to be the most effective preoperative approach. The
combination of CUS with 99mTc-MIBI scintigraphy yielded
more sensitivity, and diagnostic accuracy was 94.9% and
91.1%, respectively.
The sensitivity achieved by 99mTc-MIBI scintigraphy and
CUS from each study included in this review are represented
in a column chart (Fig.2).

that cervical ultrasonography performed by an experienced
parathyroid sonographer is the least costly imaging modality and,
when combined with 99mTc-MIBI scintigraphy or 4-dimensional
CT, is the most cost-effective strategy. Preoperative, ultrasounddirected, fine-needle aspiration biopsy of parathyroid lesions is
highly specific but is rarely necessary and can have undesirable
consequences. Cervical ultrasonography is recommended to
localize parathyroid disease and assess for concomitant thyroid
disease. 99mTc-MIBI scintigraphy is the dominant radioisotope
in parathyroid scintigraphy.
Each sestamibi protocol (dual-phase, iodine 131
subtraction, SPECT) has individual strengths and weaknesses.
Combined CUS and 99mTc-MIBI scintigraphy imaging
increases localization accuracy and improves sensitivity.(23)
Our review shows that CEUS has a sensitivity of 66.7%100%, CUS – 51.8%-94.6%, and 99mTc-MIBI scintigraphy
– 61.8%-97.4%. These values place CEUS as one of the
imaging procedures that could be selected for pre-surgical
mapping. CEUS has a sensitivity slightly higher than CUS
and comparable to 99mTc-MIBI scintigraphy in localization.
We found that CEUS does not limit the size of the gland; the
ability to detect very small size (6mm) has been proved in 4
studies.
Agha et al.(24) concluded that CEUS represents a high
sensitivity method for the localization of PTAs independent
of findings in 99mTc-MIBI scintigraphy, and that in the
presence of appropriate expertise in CEUS, no further
diagnostic procedures are required. However, Scattergood
et al.(19) recommended using CEUS as second-line imaging
when the lesions cannot be localized by CUS or 99mTc-MIBI
scintigraphy.
The time required and the cost for the 3 imaging
modalities was analyzed by Agha et al.(9) The authors noted
that imaging by 99mTc-MIBI scintigraphy requires the longest
time to complete the exam and attracts the highest price.
The procedure entails injecting contrast and waiting after
the injection until patients leave the exam room. It requires
approximately 3h and costs an average of $443. On the other
hand, CUS and CEUS need less time and have a lower cost. The
differences in the time required and the cost is beneficial for the
healthcare provider and the patient’s situation. However, the
need for sonographers and radiologists to perform the exam
limits the prevalent use of CEUS in some countries as this
exam is highly operator-dependent, as opposed to scintigraphy,
which is less operator-dependent. The early enhancement of
the contrast in PTA and early washout (3-5 min after injection)
are the imaging characteristics that confirm the presence of
PTA. Also, in patients with cervical lymph nodes that are
sometimes indistinguishable from parathyroid disease, lymph
nodes showed an early enhancement of the contrast at the
hilum and a late enhancement of the parenchyma.(9)
Study Limitations

Fig. 2. The sensitivity achieved by 99mTc-MIBI scintigraphy and CUS

It is essential for all patients diagnosed with PHPT to
undergo preoperative imaging. Wilhelm et al.(23) recommended

In this literature review, we analyzed only studies that
used CEUS and papers that used the first-line methods for presurgical localization of parathyroid adenomas. The specificity
and accuracy for CEUS could not be achieved in some studies
because only non-healthy participants were included in the
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analysis. Also, the positive predictive value was not mentioned
in most of the papers and the sensitivity confidence intervals
were reported in 4 studies only; thererfore, this review cannot
achieve a meta-analysis. Difficulties have been found in
communications with some affiliation authors, maybe because
none used email addresses or for other unknown reasons.
Moreover, some studies did not provide the ultrasound greyscale findings as it was done for all the patients, especially
if the patient had concomitant goiter or thyroid nodular,
which is known to limit the ultrasound efficiency in detecting
parathyroid glands.

Conclusion
CUES represented a safe, cost-efficient, highly sensitive
method for detecting the disease in parathyroid glands for PHPT
patients, even if the concomitant goiter is present or if patients
have multigland disease. CEUS has a comparable sensitivity
to 99mTc-MIBI scintigraphy, so that it can be used in patients
who have a contraindication to scintigraphy or in a hospital
without nuclear medicine facility. However, further studies
are recommended to determine whether CUES can be used as
a standard diagnostic procedure for pre-surgical localization.
Ultrasound had a higher sensitivity and lower specificity than
99m
Tc-MIBI scintigraphy. A combined approach enhances the
performance of either method used independently.
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reast cancer is the most commonly diagnosed cancer
among women and the second most prevalent of all
malignancies, accounting for 12% of all cancer-related deaths.
In a lifetime, a woman also has a 13% chance of acquiring
breast cancer.(1-4) In 2021, an estimated 2.3 million women were
diagnosed with breast cancer worldwide, with 30.4% of those
dying from the disease.(1,5) Breast cancer is caused by a variety
of factors, including modern lifestyle (breastfeeding and age
at first birth, smoking, and alcohol consumption), hormonal,
breast cancer family history, obesity or overweight, null parity
or late pregnancy, menstrual history, aging, previous benign
breast tumor, and exposure to carcinogenic agents (radiation
or chemicals). A hereditary genetic mutation is thought to be
*Corresponding author: Batil Alonazi, PhD. Department
of Radiology and Medical Imaging, College of Applied Medical
Sciences, Prince Sattam Bin Abdulaziz University, AlKharj, Saudi
Arabia. E-mail: abdelmoneim_a@yahoo.com

responsible for 5% to 10% of breast cancers.(6,7) Breast cancer
type 1 (BRCA1) and breast cancer type 2 (BRCA2) genes are
tumor suppressor genes discovered in the 1990s. These genes
play an important role in DNA repair, cell cycle control, and
overall genomic stability.(8) It was reported that BRCA1 and
BRCA2 mutation carriers are responsible for 1 in 400 and 1 in
800 women breast cancer in the United States, in that order.(8)
Recent estimates suggest that 55 to 65% of BRCA1 mutation
carriers and approximately 45% of BRCA2 mutation carriers
will develop breast cancer by age 70. (9-11)
Breast cancer incidence rates varied widely depending
on economic situations and lifestyle. For example, in affluent
countries, the incidence is 89.7 cancer cases per 100,000
women in EU countries, whereas, in developing countries,
such as Africa, the incidence is 19.3 cancer cases per 100,000
women.(1,12) Dietary impacts along with reproductive factors
(first childbirth, lower parity, and shorter nursing) can partly
explain the difference in breast cancer incidence between

90

B. Alonazi / International Journal of Biomedicine 12(1) (2022) 89-94

developing and developed countries.(13) It is worth noting that
the incidence is also rising in emerging countries. One of the
most likely reasons for the rise in cancer incidence in emerging
countries is that all countries now have superior diagnostic
imaging technology, which means that more cancer cases are
recognized and diagnosed appropriately. Furthermore, today’s
culture is well informed about the early identification of breast
cancer by self-examination and consultation with a qualified
physician for additional investigations. Furthermore, from the
1940s through the 1980s, the average life duration of the global
population increased.
The purpose of this article was to evaluate the diagnostic
and screening effectiveness of breast MRI protocols for
detecting breast cancer.
The current review was based on prior research published
in English databases such as PubMed and ScienceDirect in
scientific articles published between 2010 and 2020 with the
keywords “breast cancer MRI,” “diagnostic,” “dense breast,”
“risk factors,” and “imaging.”

Imaging Modalities for Breast Cancer
Screening
All health care providers worldwide endorse breast
cancer control which involves prevention, early diagnosis,
effective treatment with minimal side effects, and palliative
health care and rehabilitation.(13) Early detection of breast
cancer plays an important role in the treatment and control of
the disease.(14)
Currently, there are 3 imaging modalities for breast
cancer screening: mammography, MRI, and ultrasound.
Since the introduction of mammography about 30 years
ago, breast imaging with this method has improved significantly.
The sensitivity of screening mammography varied considerably
across BI-RADS density codes, from 78% in women with code 1
to 47% in women with code 4.(15) The average specificity of digital
screening mammography in the U.S. is 88.9%.(16) Currently,
mammography is recommended for breast cancer screening for
50.0 to 74.0 years old females.(17) Previous studies showed that
screening decreased mortality up to 30% compared with control
patients.(13,17) Breast cancer screening with mammograms was
started in Saudi Arabia in 2007 using mammography as the
only screening tool.(18) However, despite recent developments
in mammographic equipment and techniques, mammography
as a diagnostic and screening modality has many limitations.
(19)
These include the reduced sensitivity in detection lesions
in the radiographic dense breast due to tissue overlap and the
similarity in the radiographic appearance of cancer lesions and
glandular dense tissue.(20)
The sensitivity of breast magnetic resonance imaging
(BMRI) in detecting breast cancer is higher than mammography
and ultrasonography.(21-23) BMRI includes numerous postcontrast sequences acquired at different time points after the
injection of MR contrast. The MRI cost is deemed high, and
each MRI scan takes at least 20-25 minutes.(24) At the same time,
BMRI has been shown to detect breast cancer at an earlier stage
than mammography in high-risk patients.(25) Most studies have
found that the sensitivity of MRI ranged from 71%-100% versus

16%-40% in mammography in high-risk populations.(26) Thus,
BMRI is now identified as a valuable modality in diagnosing
breast cancer.(27) MRI is a very sensitive method to cancer
detection, but its specificity (true negative) is low. Dynamic
contrast-enhanced MRI (DCE-MRI), which uses injectable
gadolinium, has been recognized as the most powerful method
for detecting breast cancer. The disadvantages of using MRI are
its high cost and scan time. However, in high-risk patients, this
method is recommended in addition to mammography.
The diagnostic power of ultrasound imaging is highly
dependent on operator proficiency and the correct selection of
ultrasound parameters.

Brest MRI
BMRI is an extremely useful tool for identifying and
classifying breast lesions, determining the amount of localized
illness, assessing response to therapy, and guiding fine-needle
aspiration (FNA) biopsy.(28)
The results of mammography and any other past breast
imaging should be compared to the MRI findings, as well as
the clinical history, physical examination findings, and the
results of mammography and any other prior breast imaging.(28)
BMRI currently has specific indications, including evaluation
of response to treatment, screening in high-risk patients, the
study of occult breast cancer, the study of tumor recurrence,
and the assessment of breast prostheses. BMRI can also be
recommended for the staging of breast cancer, the study of
microcalcifications, breast discharge, premalignant lesions,
residual tumor in operated patients, or in cases of inconclusive
findings by mammography and ultrasound.(29) BMRI was
introduced as a potential diagnostic tool for patients with breast
cancer as a result of these qualities.(16)
The MRI with contrast agents enhances the sensibility
of images in the region of interest. Contrast agents allow
improvement to the quality and the follow-up of molecular
processes at the cellular and molecular levels of the region
under study. For MRI, the more common contrast agents used
are gadolinium-based structures.(30)
Other imaging modalities that could be utilized to diagnose
breast cancer patients include positron emission mammography
(PEM) and single-photon emission computerized tomography
(SPECT). PET imaging uses radioactive isotopes that emit
positrons (18F, 15O, 13N, or 11C); whereas SPECT imaging uses
isotopes that emit gamma photons (99mTc, 123I, or 125I).
Both PET and SPECT provide information about the
physiological activity, such as glucose metabolism, blood
flow and perfusion, and oxygen utilization.(31) In recent years,
a hybrid imaging modality has come into existence in the form
of combined PET and MRI (PET/MRI). PET/MRI combines
the unique tissue characterization of MRI with the quantifiable
functional and molecular information provided by PET,
thereby providing distinct potential clinical advantages over
other imaging modalities.(32)
Breast MRI screening
According to the American College of Radiology
(ACR),(28) current indications for breast MRI screening include:
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(a) high-risk patients- women with greater than or equal
to 20% lifetime risk of breast cancer (for example, individuals
with genetic predisposition to breast cancer as determined by
either gene testing or family pedigree, or individuals with a
history of mantle radiation for Hodgkin lymphoma).(33) For
high-risk patients, annual screening MRI is recommended in
addition to mammography, preferably after risk assessment.
(b) Intermediate-risk patients – women with a moderately
elevated risk of breast cancer (15%-20%). Breast MRI may be
considered as a supplement to mammography. Annual screening
MRI is recommended for women with a personal history of
breast cancer and dense tissue or for those diagnosed with
breast cancer under the age of 50.(34) A systematic review found
that, among women with dense breasts, MRI has a sensitivity
of 75–100%, specificity of 78–94%, and a positive predictive
value of 3–33%.(35)
(c) Patients with a newly diagnosed breast malignancy.
Bilateral breast MRI for these patients can detect occult
malignancy in the contralateral breast in at least 3% to 5% of
patients.(36-38)
(d) Patients with breast augmentation. The integrity of
silicone implants can be determined by non-contrast breast
MRI. Patients having silicone or saline implants and/or free
injections with silicone, paraffin, or polyacrylamide gel in
whom mammography is difficult may require contrast BMRI.
Contrast-enhanced breast MRI screening may be required for
patients who have undergone implant reconstruction following
lumpectomy or mastectomy for breast cancer.
The BRMI can also be used to assess the extent of
disease:(28) invasive carcinoma and ductal carcinoma in situ
(DCIS), invasion deep to fascia, postlumpectomy with positive
margins, neoadjuvant chemotherapy
MRI in the additional evaluation of clinical or
imaging findings is beneficial for breast cancer recurrence,
metastatic cancer, lesion characterization, Postoperative tissue
reconstruction, MRI-guided biopsy
Screening of the general population, assessment of
false-positive cases, treatment planning, inappropriate uses
of breast MRI, and abbreviated (fast) MRI protocols are all
examples of other considerations for MRI.
BMRI protocol
T1-weighted imaging
A dynamic T1-weighted contrast-enhanced sequence is
the basis for any MRI protocol. A 3D-spoiled gradient echo
sequence with a short repetition time, short echo time, and
shallow flip angle is used for contrast-enhanced T1-weighted
imaging.(28, 39) 3D sequences, with their intrinsically higher
SNR and small, nearly isotropic voxel dimensions, have
several intrinsic advantages for post-processing purposes
over 2D sequences, allowing for a more precise determination
of spatiotemporal disease activity. 3D images at 3T may be
more robust to B1 variations,(40) and, consequently, allow for
improved contrast-enhanced images..
After contrast material administration, the T1-weighted
acquisition is repeated to depict enhancing abnormalities.(41)
The temporal resolution required for breast MRI is determined
by the time course of contrast agent uptake.(42) Peak contrast
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enhancement in malignant lesions typically occurs between 60
and 120 seconds after injection.(43) It is important to correctly
capture the morphology and time-enhancement pattern of
enhancing breast lesions.(42) Good fat suppression in both
precontrast and postcontrast images minimizes the structured
noise of misregistration artifacts in subtracted images, allowing
detection of smaller enhancing lesions or nonmasslike lesions
with greater reliability.(42)
For images obtained without fat suppression, creating
subtraction images from the pre- and postcontrast acquisitions is
required.(39) Subtraction images are helpful for acquisitions with
fat suppression because they help differentiate truly enhancing
structures from lesions with native high signal intensity at
T1.(44) Generating maximum intensity projections from these
subtracted images aids in rapid lesion detection.(45,46)
According to standard practice, BMRI should depict
all enhancing cancers 5 mm or larger in size. Therefore, T1weighted acquisitions should have a section thickness of no
more than 2.5 mm. Much higher resolutions (1 mm isotropic
and lower) can be achieved with modern MRI equipment
and breast coils without lengthening the acquisition time per
volume beyond 90 seconds. This enables for reconstruction in
any plane, facilitating the evaluation of lesions, especially the
distribution of non-mass lesions.(41) As shown by the success
of abbreviated protocols for breast MRI, the acquisition of
two T1-weighted acquisitions at the indicated time points (one
before and one approximately 90 seconds after contrast material
administration) is usually sufficient for lesion detection.(47) All
other sequences aim to improve breast lesion distinction and
avoid false-positive and false-negative classification.(45)

Fig. 1. BMRI (Dixon protocol)
Uuniform fat suppression based on
chemical shift .

Fig. 2. T2-weighted BMRI

Dynamic Evaluation with Time–Signal Intensity Curves
In the previous studies, dynamic analysis has been used
to evaluate the permeability of the vessels that supply a lesion.
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This approach is carried out by obtaining a series of T1weighted acquisitions between 5.0 and 7.0 min after gadolinium
administration.(49,50) The peak contrast material accumulation
will have passed in the case of leaky vessels, and contrast
material is being removed from the lesion. The contrast gradient
over the vessel wall will still be positive in lesions with lesspermeable vessels, and so the lesion will be enhanced. This
is reflected in the shape of the time–signal intensity curves; a
persistent increase is most commonly seen in benign lesions,
whereas a decrease in the late phase is common in malignant
lesions.(41,51) Currently, software programs generate color map
overlays of the enhancement curve distribution within a lesion,
making it easier to extract diagnostic data. (41)
(48)

Abbreviated breast MRI
The abbreviated MRI is a shortened version of the
standard MRI, consisting of a single early phase DCE
series.(52) Abbreviated MRI, with shorter image acquisition
and interpretation times, may increase the availability of
breast MRI and reduce the costs. Kuhl et al. and Sheth et
al.(34,52) introduced the concept of an abbreviated protocol
that consisted of one pre- and one postcontrast T1-weighted
acquisition and found equivalent diagnostic accuracy for
the abbreviated and full protocols. Abbreviated protocols
consisting, for instance, of a pre-contrast and an early postcontrast T1-weighted sequence,(34,45,53-56) or, alternatively, a
high-resolution ultrafast dynamic imaging protocol, (56) were
found suitable to diagnose breast cancer with high accuracy.
However, kinetic assessment cannot be performed with the
abbreviated protocol, because multiple sets of post-contrast
images are necessary for the generation of kinetic curves.
(52)
Among women with dense breasts undergoing screening,
abbreviated breast MRI, compared with digital breast
tomosynthesis, was associated with a significantly higher rate
of invasive breast cancer detection.(57) Nevertheless, prospective
trials with larger patient numbers are warranted to evaluate the
true value of abbreviated MRI for breast cancer screening.(58)

Conclusion
Breast MRI is a useful imaging technique for detecting
and evaluating breast cancer. It can be used for cancer
screening, staging, and evaluating the response to neoadjuvant
treatment. The use of BMRI in the evaluation of breast lesions
has been researched in the literature, with various publications
demonstrating the importance of the topic. BMRI is recognized
as the most precise imaging modality in diagnosing malignancy.
because of its high sensitivity to soft tissues and ability to provide
more comprehensive diagnostic information to identify benign
and malignant breast lesions that are not diagnosed by other
imaging modalities such as mammography and ultrasound. The
current studies have confirmed that the sensitivity of MRI is up to
80%-97.8%, but the specificity is only 46% to 93.3% in diagnosing
breast cancer, leading to high rates of misdiagnosis.(59,50) Imaging
with DCE-MRI, a technique that samples the influx of contrast
agent in the plaque over time using fast T1-weighted (T1w)
imaging sequences, has enabled the quantification of several
pharmacokinetic parameters, including endothelial permeability

and microvascular volume.(61,62) DCE-MRI provides mainly
morphological, and, to some extent, functional information about
tumor perfusion and vascularity.(63)
A review article by Xiang et al.(64) identified the
performance of CESM and MRI for breast cancer diagnosis.
The combined data indicating the pooled sensitivity and
specificity of CESM and MRI were 0.97 (95% CI: 0.95–0.98),
0.66 (95% CI: 0.59–0.71), 0.97 (95% CI: 0.95–0.98), and 0.52
(95% CI: 0.46–0.58), respectively. The authors concluded that
both CESM and MRI are effective methods for the detection
of breast cancer with high diagnostic sensitivity.
Xing et al.(60) showed better accuracy, specificity, and
false-positive rate of CESM in breast cancer detection than MRI.
Contrast-enhanced spectral mammography displayed a good
correlation with histopathology in assessing the lesion size of
breast cancer, which is consistent with MRI.
In a study by Luczynska et al.,(65) the main goal of this
study was to compare CESM and breast magnetic resonance
imaging (MRI) with histopathological results and to compare
the sensitivity, accuracy, and positive and negative predictive
values for both imaging modalities. The results obtained showed
that sensitivity was 100% with CESM and 93% with BMRI.
Accuracy was 79% with CESM and 73% with BMRI. Contrastenhanced MRI has been shown to have a very high sensitivity
for detecting breast cancer, although reports for specificity have
been more variable.
BMRI is critical for the diagnosis of a variety of
breast disorders, and it is the most sensitive medical imaging
examination for breast cancer detection and diagnosis when
compared to mammography, tomosynthesis, and ultrasound
imaging. Annual BMRI is recommended for screening
women who are at high risk for breast cancer in addition
to mammography. Abbreviated MRI, with shorter image
acquisition and interpretation times, increases the availability
of breast MRI and reduces the costs. Unenhanced MRI
parameters such as DWI are under investigation to be added
to abbreviated MRI protocols. It seems feasible to offer a cost‐
effective screening breast DCE‐MRI to a broader population.
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Abstract
The purpose of the review was to systematize the available data on the epidemiology and diagnosis of the metabolic
syndrome (MetS) in polycystic ovary syndrome (PCOS). The information search was conducted using Internet resources (PubMed,
EMBASE, Google Scholar, E-Library) and literature sources for the years 2000-2020. The modern studies indicate that the
prevalence of metabolic disorders varies in groups of women with different PCOS phenotypes. Numerous risk factors in PCOS
lead to a significant increase in risk for cardiovascular diseases. Patients with PCOS diagnosed according to AE-PCOS Society
criteria have the most severe metabolic features and risk of cardiovascular disease. Hyperandrogenism in PCOS is closely related
to the aggravation of abdominal obesity, and together with insulin resistance forms the metabolic core for the development of
cardiovascular diseases.(International Journal of Biomedicine. 2022;12(1):95-99.)
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M

etabolic syndrome (MetS) is one of the most
important health problems in different countries.
Experts of the World Health Organization (WHO) have
described MetS as a pandemic of the twenty-first century.
(1-5)
MetS (also known as syndrome X, Reaven syndrome,
insulin resistance syndrome) is a combination of hormonal
and metabolic disorders that significantly accelerate the
development of CVD. The high variability in the prevalence
of MetS, according to various studies, is primarily associated
with an insufficiently clear, consistent definition of diagnostic
criteria. The main sources of information are epidemiological
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data and prognostic studies conducted in the United States
and countries of Western Europe, and single epidemiological
studies on the prevalence of MetS in Russia.
Several clinical definitions of MS have been proposed and
widely used over the past decade, including those by the World
Health Organisation (WHO),(6) National Cholesterol Education
Programme Adult Treatment Panel III (NCEP-ATPIII),(7)
International Diabetes Federation (IDF),(8) American Heart
Association/National Heart, Lung, and Blood Institute(AHA/
NHLBI),(1) and The European Group for Study of Insulin
Resistance (EGIR).(9)
The 2009 harmonized definition of MetS requires the
presence of any 3 of the following: increased WC (men: ≥94 cm,
women: ≥80 cm), low HDL-C (men: <40 mg/dL (1 mmol/L),
women: <50 mg/dL (1.3 mmol/L)), hypertriglyceredimia ≥150
mg/dL (1.7 mmol/L), elevated BP (systolic BP ≥130 mmHg
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and/or diastolic ≥85 mmHg or drug treatment for hypertension)
and elevated blood sugar (FPG ≥100 mg/dL (5.6 mmol/L) or
diabetes mellitus.(10)
The prevalence of MetS varies within 20%-40%,
averaging 26% among the adult population of the planet,
according to an INTERHEART study.(11) In Russia, according
to research results, 40% of the population has 2 components
of MS, 11% – 3 or more of its components. It is more common
in middle-aged and older people.(12) MetS prevalence is high
among obese patients; among people with IGT, the frequency
of MetS is 50%, and in DM - 80%. In addition, there is a steady
trend of increasing prevalence of MetS. Currently, the number
of patients with MetS is 2 times higher than the number of
patients with T2D; in the next 20 years, an increase of 50% in
the frequency of MetS is expected. The majority of patients
with MetS are the working-age population, but over the past
2 decades, the MetS frequency has shown a steady increase
among young people.(13)
The prevalence of MetS in PCOS
MetS is also associated with ovulation, conception, and
pregnancy complications: increase of pregnancy losses and
decrease of the number of live-born children. There is evidence
of an increased prevalence of MetS among overweight or obese
women with PCOS (OR=1.88; 95% CI: 1.16-3.04), but not
among women with a normal BMI, even in the presence of
PCOS(OR=1.45; 95% CI:0.35-6.12).(14) In addition, it is known
that the presence of MetS in patients with PCOS reduces the
chances of pregnancy and negatively affects the results of in
vitro fertilization in infertile women with PCOS. MetS in
patients with PCOS can reduce the antioxidant activity of the
body and lead to the development of oxidative stress. A decrease
in antioxidant activity in PCOS with MetS is associated with an
increased level of triglycerides and LDL-C, which can worsen
the course of these diseases.(14,15)
The main mechanisms of the pathogenesis of PCOS
include disorders of the steroid-producing function of the
ovaries(16) with an increase in the production of androgens
and a violation of their conversion to estrogens, as well as an
increase in the level of free testosterone against the background
of low content of sex hormone-binding globulin.(17) In turn,
hyperandrogenism (HA) is associated with an abdominal
type of obesity and changes in the lipid profile.(18) In addition,
PCOS is characterized by the presence of gonadotropic
dysfunction, which naturally leads to anovulation or at least
to progesterone deficiency. Along with this, anovulation and
small-cystic ovarian transformation are the results of the socalled follicular arrest associated with excessive secretion of
anti-müllerian hormone.
The prevalence of PCOS is usually influenced by the
characteristics of the population sample. Thus, in a nonselective sample of women of reproductive age, the PCOS
prevalence ranges from 6% to 19.9%, in menstrual disorders from 17.4% to 46.4%, in women with clinical manifestations
of HA -72.1%-82%, and in anovulatory infertility - in 55-91%
of cases.(19,20) Chronic anovulation in women with PCOS is a
risk factor for endometrial hyperplasia and cancer, which is
largely facilitated by the presence of overweight or obesity

in 40%-85% of women with PCOS. Along with reproductive
disorders, PCOS, especially its classical phenotype, is
associated with IR, IGT, DM, CVD, all of which determine
the long-term consequences of this disease.(21)
PCOS is the most common cause of HA, a common
endocrine disorder, the main clinical markers of which are skin
problems and menstrual cycle disorders such as hypomenstrual
syndrome.(22) The diagnosis of PCOS is based on the criteria
presented and approved in various consensuses. The NIH
criteria (1990) established the presence of oligo-/anovulation
and HA as a necessary condition for the diagnosis of PCOS
(after excluding conditions with similar symptoms).(23) At the
same time, the appearance of a polycystic ovarian structure by
ultrasound is not considered a mandatory sign of PCOS.
Possible combinations of components of the Rotterdam
criteria have allowed identifying 4 PCOS phenotypes:(24-27)
phenotype A (oligo-/anovulation (OA), clinical and/or
biochemical HA, and PCOМ), phenotype B (HA+OA),
phenotype C (HA+PCOM), and phenotype D (OA+PCOM).
The more severe PCOS phenotypes are associated with a
greater magnitude of CVD risk and this has been found in
obese and non-obese women.(28)
The Harmonized Criteria of the European Society for
Human Reproduction and Embryology and the American
Society for Reproductive Medicine (ASRM/ESHRE),
adopted in Rotterdam,(24) are currently used to diagnose PCOS.
According to this consensus, the diagnosis of PCOS can be
confirmed by the presence of at least two of the following
three criteria: oligo- or anovulation, clinical or biochemical
signs of HA, polycystic ovarian morphology on ultrasound.
Based on the available data, in 2006, the Androgen
Excess and PCOS Society (AE-PCOS) experts proposed their
version of the PCOS diagnostic criteria. According to the AEPCOS consensus, PCOS should have been diagnosed with
the obligatory presence of HA(clinical and/or biochemical) in
combination with ovarian dysfunction (oligo-anovulation and/or
polycystic ovaries), and the exclusion of related disorders.(25,29)
The prevalence of MetS among 248 women with different
PCOS phenotypes was analyzed in a study by Bahadur et al.(4)
The prevalence of phenotypes A, B, C, and D were 36.7%,
10.1%, 4.4%, and 48.8%, respectively. Phenotype D had the
highest prevalence of MetS. Phenotype A was at higher risk of
adverse MetS risk profile.
A study performed by Karee et al.(30) included 382 Indian
women with PCOS. MetS was present in 147(38.5%) PCOS
women. The most frequently observed individual components
of MetS were increased WC and decreased HDL-C.
A retrospective cohort study conducted in Germany
found that the prevalence of underweight in patients with
PCOS is very low. Underweight in PCOS was associated with
higher postprandial insulin levels.(31)
A study conducted by Kim et al.(32) investigated the
various HOMA-IR cutoff values in a population of healthy
controls (n=579) and evaluated the prevalence of IR in women
with PCOS(n=699). Overweight/obese PCOS patients were
the most high-risk group, but lean patients also showed an
elevated prevalence of IR similar to that of overweight/obese
controls. The authors concluded that although IR is common
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in women with PCOS, it does not seem to be universal, and
patients without IR had reassuring metabolic features.
A study performed by Carmina et al.(33) investigated the
prevalence of MetS according to ATP-III and WHO criteria in
282 women with PCOS, aged 18-40 years, living in western
Sicily. Patients were divided into 2 groups: Group 1 included 225
patients with chronic anovulation and hyperandrogenism (classic
PCOS); Group 2 included 57 patients with hyperandrogenism
and polycystic ovaries who were ovulatory (ovulatory PCOS).
In classic PCOS patients, MetS was higher (8.9% by ATP-III,
17.3% by WHO) than in ovulatory PCOS (5% and 10.6%,
respectively).
In a study performed by Dargham et al.,(34) the prevalence
and metabolic features of PCOS among 750 Qatari women
aged between 18-40 years were estimated. By NIH guidelines,
the prevalence of PCOS in this Qatari cohort was 12.1%,
which would likely reflect 20% by Rotterdam criteria. Over
61% of investigated women identified were either overweight
(BMI 26–29.9; 31.4%) or obese (BMI greater than 30; 29.7%).
Clinical HA defined by the Ferriman and Gallwey score was
not validated in that ethnic population.
The systematic review and meta-analysis conducted by
Behboudi-Gandevani et al.(35) showed that in PCOS patients,
regardless of age, BMI and recruitment sources of samples
had higher odds of MetS than healthy controls (OR=2.5,
95% CI: 2.0-3.2). Adolescents with PCOS had an increased
OR of MetS compared to healthy adolescents in populationand nonpopulation-based studies (OR=4.7, 95% CI: 1.8-11.9;
OR=6.1, 95% CI: 6.0-6.1, respectively). Subgroup analysis
based on PCOS diagnostic criteria showed that HA is an
important component of this disorder.
The prevalence of MetS in PCOS has been studied in
different populations. Reported prevalence is 43% in U.S.,
28.4% in Brazil, 24.9% in Hong Kong Chinese women, and
only 1.6% in Czech women.(36-39) The prevalence of MetS in
PCOS is strongly influenced by the criteria used to diagnose
MetS as well as the criteria used to diagnose PCOS. The
prevalence of MetS (the ATP-III criteria) among women from
southern Italy was only 8.2% in comparison with a prevalence
of 43%–46% reported in the USA.(40,41)
A prospective cross-sectional study performed by
Mandrelle et al.(42) in infertile Indian women with PCOS,
according to Rotterdam criteria (2003), showed that the overall
prevalence of MetS, according to the modified AHA/NHLBI
ATP III (2005) criteria, was 37.5%. A total of 5.8 % cases were
found to have DM, 8.3% had impaired fasting glucose, and
11.7 % had an IGT.
A case-control, cross-sectional, observational study of
consecutive women with anovular PCOS (47 South Asians, 40
Caucasians) and their age-matched controls (11 South Asians
and 22 Caucasians) (43) showed that South Asians with anovular
PCOS seek treatment at a younger age and have more serious
symptoms, higher fasting insulin concentrations and lower
insulin sensitivity than Caucasians.
In 2019, a retrospective study of 1,215 Mediterranean
women from Sicily was conducted to better characterize
the metabolic alterations in various phenotypes of PCOS.
(44)
Among 1,215 women with PCOS, phenotype A was
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diagnosed in 701(57.7%), phenotype B - in 112(9.2%),
phenotype C - in 364(30%), and phenotype D - in 38(3.1%).
According to the results of the study, the prevalence of
obesity was 31%, MetS - 6.6%, DM - 2.1%, altered glucose
metabolism - 13.1%, and abnormal lipid profile - 60%.
Phenotype B was characterized by the highest prevalence
of obesity, MetS, IGT, and lipid abnormalities, compared
to other PCOS phenotypes and controls. Women with
phenotype A were more obese and more women had MS,
than women with phenotypes C and D; however, women
with phenotype C had a prevalence of altered glucose
metabolism and lipid abnormalities similar to phenotype
A. These metabolic abnormalities in phenotypes A and C
were higher than in phenotype D and controls. Multivariate
analysis showed that BMI allows predicting only deviations
in fasting glucose and triglycerides, regardless of the level of
androgens. Only women with norm-androgenic phenotype D
had no metabolic abnormalities. Thus, the risk of MetS and
CVD may vary depending on the PCOS phenotype, based on
the Rotterdam criteria.
To compare the prevalence of various metabolic and
cardiovascular risk factors and IR between PCOS patients
with or without HA, a retrospective cross-sectional study
involving women with PCOS, as diagnosed according
to AE-PCOS Society criteria (n=504), and women with
normoandrogenemic PCOS (n=183) was performed.(45)
Women with PCOS diagnosed according to the AE-PCOS
Society criteria had a significantly higher prevalence of MetS
than in the normoandrogenemic PCOS phenotype (25.4% vs.
10.3%; P=0.01). There was no significant difference in the
prevalence of the IGT test between the groups. The prevalence
of HDL-C<50 mg/dL in the group under the AE-PCOS criteria
was higher than in the normoandrogenemic PCOS group (59.4
vs 41.2%, respectively; P=0.002).
The evidence currently suggests that patients with
PCOS diagnosed according to AE-PCOS Society criteria have
the most severe metabolic features.(29,46) Rizzo et al.(47) found
that women with hyperanderogenemic PCOS showed the
most atherogenic lipid profiles, with higher apolipoprotein B
than the other PCOS phenotypes.

Conclusion
The modern studies indicate that the prevalence of
metabolic disorders varies in groups of women with different
PCOS phenotypes. Numerous risk factors in PCOS lead to
a significant increase in risk for cardiovascular diseases.
Patients with PCOS diagnosed according to AE-PCOS Society
criteria have the most severe metabolic features and risk of
cardiovascular disease. HA in PCOS is closely related to the
aggravation of abdominal obesity, and together with insulin
resistance forms the metabolic core for the development of
cardiovascular diseases.
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Abstract
The purpose of this brief review was to systematize the current information on the diagnosis, prevalence, and ethnic aspects
of polycystic ovarian morphology (PCOM). The information search was conducted using Internet resources (Medline, Pubmed,
Cochrane Library, and Google Scholar) and literature sources for the period from January 1999 to August 2021. The review
includes only full-text articles. Based on the analysis of the literature, we demonstrated that the diagnostic value of PCOM has
changed since the moment of the first description of polycystic ovarian syndrome (PCOS). Currently, ovarian size, ovarian volume
and antral follicle count are key criteria for most PCOS phenotypes and complications. The diagnostic value of PCOM depends on
age and racial characteristics, which requires large-scale epidemiological studies to determine PCOM characteristics in different
populations. Standardizing PCOM diagnostic criteria is the key to PCOS effective diagnosis and, consequently, to preventing
complications and comorbidities associated with PCOS.(International Journal of Biomedicine. 2021;11(4):100-103.)
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Introduction
Polycystic ovarian syndrome (PCOS) takes a leading
position among endocrine diseases and is associated with a
wide range of reproductive(1-4) and metabolic disorders.(4-7)
Currently, polycystic ovarian morphology (PCOM) is a key
criterion for PCOS in most cases. The definition of PCOS
symptoms has significantly changed since the first description
(8)
of this syndrome in 1935 and remains a subject of debate
among clinicians and scientits around the world. In 1990, a
panel of experts from the National Institutes of Health (NIH)
defined this condition as a combination of hyperandrogenism
and chronic anovulation after excluding other causes of
anovulation.(8) Subsequently, the NIH criteria were criticized
because they did not include ultrasound (US) signs of PCOМ,
*Corresponding author: Lyudmila M. Lazareva, PhD.
Scientific Centre for Family Health and Human Reproduction
Problems, Irkutsk, the Russian Federation. E-mail: lirken_@mail.ru

which was considered to be a significant marker of PCOS by
many scientists.
In 2003, ESHRE/ASRM experts in Rotterdam adopted
updated criteria for PCOS,(9) which represented an extended
version of the 1990 NIH consensus and included polycystic
ovarian changes as one of the criteria for diagnosing PCOS.(8,9)
Parameters providing sufficient sensitivity and specificity of
PCOM were approved. They included the presence in at least
one ovary with follicle number per ovary (FNPO) of ≥12 with
a diameter of 2–9mm and/or ovarian volume (OV) of ≥10 cm3.
It was noted that the number of follicles should be assessed
both in longitudinal and anteroposterior sections of the ovaries,
and follicles with a size of 10mm should denominate the
average value of the diameters measured in two sections. To
calculate the volume of the ovary, a formula was proposed for
an elongated ellipsoid (0.523×length×width×thickness). For
sexually active women, transvaginal access was recognized as
a priority, especially in obese patients. Women with regular
menstruation were advised to undergo a pelvic ultrasound

L. M. Lazareva & L. V. Suturina / International Journal of Biomedicine 12(1) (2022) 100-103

on the early follicular phase of the natural cycle, or, if oligoamenorrhea occurs, regardless of the day of the cycle or after
withdrawal bleeding caused by pharmaceuticals. In case of
the follicle/cyst diameter more than 10mm or corpus luteum
presence, a repeat US was recommended.
The unacceptability of the criteria for the diagnosis of
PCOM in women taking oral contraceptives (both healthy and
with a diagnosis of PCOS) was noted due to changes in the
structure of the ovary during intake of these medicines. It was
recommended not to overestimate the distribution of follicles
in the ovary, the increase in echogenicity, and the stroma
volume as the parameters of polycystic morphology, due to the
presence of a more sensitive marker - OV. The role of pelvic
ultrasound estimates in the prognosis of hyperstimulation and
in response to ovarian stimulation and the outcomes of in
vitro oocyte maturation was demonstrated as significant, as
was the use of modern equipment. In addition, the importance
of appropriate training of specialists and the inadmissibility
of replacing measurements according to the protocol with a
subjective assessment was emphasized.(9)
The introduction of these criteria naturally led to an
increase in the frequency of PCOS detection due to the
so-called “non-androgenic” and “ovulatory” phenotypes.
Possible combinations of components of the Rotterdam
criteria have allowed identifying four PCOS phenotypes:(6,10)
phenotype A (oligo-/anovulation (OA), clinical and/or
biochemical hyperandrogenism (HA), and PCOМ), phenotype
B (HA+OA), phenotype C (HA+PCOM), and phenotype D
(OA+PCOM).(9-12)
In 2006, the AE-PCOS experts proposed their version
of the PCOS diagnostic criteria. These criteria focused on the
manifestations of hyperandrogenism, which was recognized
as a necessary symptom of PCOS. According to the AEPCOS consensus, PCOS should have been diagnosed with the
obligatory presence of hyperandrogenism in combination with
menstrual dysfunction and/or a polycystic ovarian structure,
according to ultrasound data.(10,13) The Rotterdam 2003 PCOM
ultrasound diagnostic criteria (presence of at least one ovary
with 12 follicles of 2–9 mm in size or OV>10 mL, in the
absence of a dominant follicle >0 mm) were supported in
this document as well. However, the working group noted the
likelihood of a high incidence of false-positive PCOM results
and suggested that hyperandrogenism and oligo/anovulation
should be considered priority criteria for PCOS.
In 2013, the experts from the Endocrine Society Working
Group (14) published a document in which they recommended
the criteria proposed in Rotterdam in 2003 for the diagnosis of
PCOM (the presence of at least one ovary with 12 follicles 2-9
mm in size or >10mL, in the absence of a dominant follicle
of >10 mm), the preference for the transvaginal approach
to imaging was also supported. At the same time, the need
to standardize the ultrasound characteristics of PCOS was
pronounced, considering the age and possible limitations of
the method associated with the technical characteristics of the
equipment and ethical aspects.(14)
The improvement in the technical capabilities of
ultrasound diagnostic devices has led to a clearer visualization
of the ovarian structure and requests for a revision of the
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ultrasound criteria for PCOS. In this regard, it was proposed
to increase the threshold value of the number of follicles or
ovarian volume.(4,14)
The latest guideline on the diagnosis and management
of PCOS, published in 2018,(4) proposes to consider the
provisions adopted in Rotterdam as the basis for the diagnosis
of PCOS.(4) However, the need to take into account racial and
age characteristics was noted. This document establishes
the standard protocol for clinical assessment of polycystic
ovarian structure for sexually active women, including a
transvaginal ultrasound examination in the early follicular
phase of the natural cycle or after withdrawal of bleeding
caused by pharmaceutical drugs. The 2018 ESHRE PCOS
guideline group suggested a threshold of >20 FNPO with
or without an OV ≥10 mL, without any dominant follicles,
cysts, or corpus luteum in either ovary using transvaginal
ultrasound transducers with a frequency bandwidth of 8MHz
to diagnose PCOM in women aged 18-35.(4,15) It has been
emphasized that a cut-off OV value of ≥10 mL is much more
reliable than the number of follicles for the diagnosis of
PCOM.(4,15) This parameter is especially useful when utilizing
outdated ultrasound equipment or transabdominal imaging(15)
in sexually inactive women.(4) The above-mentioned approach
to determining PCOM is also used in the Russian national
clinical guidelines for the management of women with PCOS.
It should be noted that in patients with hyperandrogenism
and irregular menstrual cycles, ultrasound examination of the
pelvic organs is not necessary for the diagnosis of PCOS;
however, it is important to clarify the clinical phenotype.(4)
Also, the latest international guidelines do not recommend
using PCOM as a diagnostic criterion for PCOS within 8 years
after menarche.(4)
The ovarian stroma was considered by researchers as a
tool to improve the quality of PCOM diagnostics.(16) However,
due to the technical features of the implementation and the high
correlation between stromal volume and the size of the ovaries,
this approach is not used in clinical practice.(4,15) There is also no
reliable data on the diagnostic value of measuring blood flow
in the ovaries to detect PCOM, nor are there threshold values
for differentiating the blood flow of polycystic and normal
ovaries.(4,15)
Ethnic differences in the number of follicles and/or
volume of the ovaries are being actively studied. For example,
in Chinese women, the lower OV and FNPO, compared to
women in the European population (≥6.3 cm3 and ≥10), are
considered as sufficient criteria for determining PCOM.(17)
Turkish women also showed lower values than the Western
population. The threshold PCOM criteria for them are OV
of 6.43 cm3 and FNPO of >8.(18) In the population of Korean
patients, FNPO is considered to be a more significant criterion
for polycystic disease than the OV, due to the smaller volume
of ovaries specific for the Asian race.
The OV and FNPO change during the woman’s
reproductive period, reaching a maximum in adolescence
with a gradual decrease in adulthood and a fast decrease in the
age of menopause. For example, in women over age 35, the
prevalence of PCOM is 7.8%, compared with 21% in younger
women.(19) Moreover, a decrease in FNPO happens faster than
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in OV.(20) Age-related processes in women suggest a reduction
in the number of growing antral follicles.(20) A progressive
decrease in the number of antral follicles leads to significant
changes in typical ultrasound signs of PCOS, associated with
a decrease in inhibin B and AMH levels,(20,21) and an increase
in FSH levels.(20) FSH contributes a temporary more complete
maturation of follicles with a reduction in the duration of the
menstrual cycle,(20,21) and a decrease in the level of androgens
in the blood serum. In this regard, aging in women with PCOS
is associated with an improvement in the main characteristics
of PCOS: a decrease in the prevalence of PCOM and a rise
in the proportion of women with regular menstrual cycles.(20)
The use of various criteria for polycystic ovarian
transformation also determines the inconsistency of
information about the prevalence of PCOM. In general, the
prevalence of polycystic morphology in a non-selective
population, according to several authors, ranges from 33% to
22%.(22) At the same time, PCOM, according to the results of the
ultrasound examination, is a common condition that can occur
in 16%-25% of healthy women with regular menstrual cycles.
(19)
According to a few studies, the polycystic ovarian structure
was detected in 92% of women with hirsutism with regular
menstrual cycles, in 87% of women with oligomenorrhea,
in 57% of women with anovulation, and in 26% of women
with amenorrhea.(19,23) Interestingly, 25% of women with signs
of PCOM had no other PCOS symptoms. Of women with
anovulation and regular menstruation, 91% showed polycystic
ovarian changes.(19)
The incidence of polycystic ovaries in Japanese women
was comparable to that in women from the United States and
Italy and was detected in 68%-80% of patients diagnosed with
PCOS.(23) The prevalence of polycystic morphology in English
women aged 20-25 years is 22%-33%, in Finnish women <36
years –21.6%, in New Zealand – 21%, and in Australia – 23%.
(19)
The prevalence of polycystic ovaries may be less if the study
had been conducted using a transabdominal approach.(4)
Insulin resistance (IR) and hyperandrogenism are
closely interrelated, exacerbating the pathogenesis of PCOS.
Hyperandrogenemia favors the development of IR by directly
altering the action of insulin in skeletal muscle and adipocytes
and decreasing the secretion of adiponectin. IR also enhances
hyperandrogenemia due to the induction of steroidogenesis in
the ovaries and adrenal glands and a decrease in the synthesis of
SHBG. In addition, hyperandrogenism correlates with follicular
excess in PCOS.(4,24) According to a cross-sectional study, PCOS
patients with IR and hyperinsulinemia had a larger OV than
patients without abnormal biochemical markers.(4,25,26) However,
there was no correlation between laboratory parameters of IR and
FNPO.(25) Therefore, the authors consider OV as an important
risk factor for metabolic disorders in patients with PCOS.(4,25)
Even in women with normal menstrual function and without
clinical signs of hyperandrogenism, PCOM is associated with
higher androgen and insulin levels and lower SHBG levels.(27)
On the other hand, hirsutism, oligomenorrhea, and irregular
cycles were equally present in patients with normal OV and
enlarged ovaries.(4)
There is a positive correlation between the FNPO and
AMH levels. Some authors have proposed the use of AMH

as an alternative marker of ovarian dysfunction and PCOM,
especially in cases with an ambiguous assessment of PCOM,
as well as when it is impossible to use a transvaginal approach
(for example, in virgins, in the absence of equipment of
a certain class, and in obese patients). However, a single
threshold for AMH as a diagnostic criterion has not been
determined yet.(4,28)

Conclusion
Thus, the results of the conducted literature review
emphasize the importance of assessing PCOM, which is an
independent criterion for diagnosing PCOS and determining
its clinical phenotype. The review illustrates the role of
PCOM, not only as an indicator of ovarian dysfunction but
also as a marker of disease severity and a factor in assessing
metabolic risks. The diagnostic significance of PCOM varies
with age and race, requiring large-scale epidemiological
studies to determine the PCOM characteristics for different
populations. Standardization of PCOM diagnostic criteria is
the key to the effective diagnosis of PCOS and, accordingly, to
the prevention of complications and comorbidities associated
with PCOS.

Competing Interests
The authors declare that they have no competing
interests.

Acknowledgments
This article contains material that has been discussed
at the VIII International Research and Practical Conference
«FUNDAMENTAL AND APPLIED ASPECTS OF
REPRODUCTION» (December 2021, Irkutsk, Russia). The
author thanks all researchers who participated in the oral
discussion.

References
1. Kolesnikova LI, Kolesnikov SI, Darenskaya MA,
Grebenkina LA, Nikitina OA, Lazareva LM, Suturina LV,
Danusevich IN, Druzhinina EB, Semendyaev AA. Activity of
LPO Processes in Women with Polycystic Ovarian Syndrome
and Infertility. Bull Exp Biol Med. 2017 Jan;162(3):320-322.
doi: 10.1007/s10517-017-3605-5.
2. Darenskaya MA, Kolesnikov SI, Grebenkina LA,
Danusevich IN, Lazareva LM, Nadelyaeva YaG, et al.
[Analysis of pro-and antioxidant activity in the blood of women
with different phenotypes of polycystic ovary syndrome and
infertility]. Akusherstvo i Ginekologiya. 2017; (8):86–91. doi:
10.18565/aig.2017.8.86-91. [Article in Russian].
3. Atalyan AV, Kolesnikova LI, Kolesnikov SI, Grzhibovskiy
AM, Suturina LV. Research electronic data capture (REDCap)
for building and managing databases for population-based
biomedical studies. Ekologiya Cheloveka. 2019; (2):52-59.
doi: 10.1016/10.33396/1728-0869-2019-2-52-59. [Article in
Russian].
4. Teede HJ, Misso ML, Costello MF, Dokras A, Laven

L. M. Lazareva & L. V. Suturina / International Journal of Biomedicine 12(1) (2022) 100-103

J, Moran L, Piltonen T, Norman RJ; International PCOS
Network. Recommendations from the international evidencebased guideline for the assessment and management of
polycystic ovary syndrome. Clin Endocrinol (Oxf). 2018
Sep;89(3):251-268. doi: 10.1111/cen.13795.
5. Belenkaia LV, Lazareva LM, Walker W, Lizneva DV,
Suturina LV. Criteria, phenotypes and prevalence of polycystic
ovary syndrome. Minerva Ginecol. 2019 Jun;71(3):211-223.
doi: 10.23736/S0026-4784.19.04404-6.
6. Lizneva D, Kirubakaran R, Mykhalchenko K, Suturina L,
Chernukha G, Diamond MP, Azziz R. Phenotypes and body
mass in women with polycystic ovary syndrome identified in
referral versus unselected populations: systematic review and
meta-analysis. Fertil Steril. 2016 Nov;106(6):1510-1520.e2.
doi: 10.1016/j.fertnstert.2016.07.1121.
7. Igumnov IA, Sharifulin EM, Belenkaia LV, Lazareva
LM, Atalyan AV, Vilson NI, Suturina LV. [Chronic systemic
inflammation in pathways of metabolic syndrome associated
with hyperandrogenism (review)]. Pathogenesis. 2020;
18(3):12-18. doi: 10.25557/2310-0435.2020.03.12-18. [Article
in Russian].
8. Lesnoy SK. [Partial resection of the ovaries with
oligomenorrhea and amenorrhea]. Gynecol Obstetrics.
1928:2:184-191. [Article in Russian].
9. Rotterdam ESHRE/ASRM-Sponsored PCOS consensus
workshop group. Revised 2003 consensus on diagnostic
criteria and long-term health risks related to polycystic ovary
syndrome (PCOS). Hum Reprod. 2004 Jan;19(1):41-7. doi:
10.1093/humrep/deh098.
10. Carmina E, Azziz R. Diagnosis, phenotype, and prevalence
of polycystic ovary syndrome. Fertil Steril. 2006 Jul;86 Suppl
1:S7-8. doi: 10.1016/j.fertnstert.2006.03.012.
11. Azziz R. Polycystic Ovary Syndrome. Obstet Gynecol. 2018
Aug;132(2):321-336. doi: 10.1097/AOG.0000000000002698.
12. Azziz R, Carmina E, Dewailly D, Diamanti-Kandarakis E,
Escobar-Morreale HF, Futterweit W, et al.; Androgen Excess
Society. Positions statement: criteria for defining polycystic
ovary syndrome as a predominantly hyperandrogenic syndrome:
an Androgen Excess Society guideline. J Clin Endocrinol
Metab. 2006 Nov;91(11):4237-45. doi: 10.1210/jc.2006-0178.
13. DeUgarte CM, Woods KS, Bartolucci AA, Azziz R.
Degree of facial and body terminal hair growth in unselected
black and white women: toward a populational definition of
hirsutism. J Clin Endocrinol Metab. 2006 Apr;91(4):1345-50.
doi: 10.1210/jc.2004-2301.
14. Legro RS, Arslanian SA, Ehrmann DA, Hoeger KM,
Murad MH, Pasquali R, Welt CK; Endocrine Society. Diagnosis
and treatment of polycystic ovary syndrome: an Endocrine
Society clinical practice guideline. J Clin Endocrinol Metab.
2013 Dec;98(12):4565-92. doi: 10.1210/jc.2013-2350. Epub
2013 Oct 22. Erratum in: J Clin Endocrinol Metab. 2021 May
13;106(6):e2462.
15. Rao P, Bhide P. Controversies in the diagnosis of
polycystic ovary syndrome. Ther Adv Reprod Health. 2020 Jun
29;14:2633494120913032. doi: 10.1177/2633494120913032.
16. Fulghesu AM, Angioni S, Frau E, Belosi C, Apa R,
Mioni R, et al. Ultrasound in polycystic ovary syndrome--the
measuring of ovarian stroma and relationship with circulating
androgens: results of a multicentric study. Hum Reprod. 2007
Sep;22(9):2501-8. doi: 10.1093/humrep/dem202.

103

17. Chen X, Yang D, Mo Y, Li L, Chen Y, Huang Y. Prevalence
of polycystic ovary syndrome in unselected women from
southern China. Eur J Obstet Gynecol Reprod Biol. 2008
Jul;139(1):59-64. doi: 10.1016/j.ejogrb.2007.12.018.
18. Köşüş N, Köşüş A, Turhan NÖ, Kamalak Z. Do threshold
values of ovarian volume and follicle number for diagnosing
polycystic ovarian syndrome in Turkish women differ from
western countries? Eur J Obstet Gynecol Reprod Biol. 2011
Feb;154(2):177-81. doi: 10.1016/j.ejogrb.2010.10.007.
19. Azziz R, Carmina E, Dewailly D, Diamanti-Kandarakis
E, Escobar-Morreale HF, Futterweit W, Janssen OE, Legro
RS, Norman RJ, Taylor AE, Witchel SF; Task Force on the
Phenotype of the Polycystic Ovary Syndrome of The Androgen
Excess and PCOS Society. The Androgen Excess and PCOS
Society criteria for the polycystic ovary syndrome: the
complete task force report. Fertil Steril. 2009 Feb;91(2):45688. doi: 10.1016/j.fertnstert.2008.06.035.
20. Hsu MI. Changes in the PCOS phenotype with
age. Steroids. 2013 Aug;78(8):761-6. doi: 10.1016/j.
steroids.2013.04.005.
21. Quinn MM, Kao CN, Ahmad AK, Haisenleder DJ, Santoro
N, Eisenberg E, Legro RS, Cedars MI, Huddleston HG; NIH/
NICHD Reproductive Medicine Network. Age-stratified
thresholds of anti-Müllerian hormone improve prediction of
polycystic ovary syndrome over a population-based threshold.
Clin Endocrinol (Oxf). 2017 Dec;87(6):733-740. doi: 10.1111/
cen.13415.
22. Hart R, Doherty DA. The potential implications of a
PCOS diagnosis on a woman’s long-term health using data
linkage. J Clin Endocrinol Metab. 2015 Mar;100(3):911-9.
doi: 10.1210/jc.2014-3886. Epub 2014 Dec 22. Erratum in: J
Clin Endocrinol Metab. 2015 Jun;100(6):2502.
23. Han YS, Lee AR, Song HK, Choi JI, Kim JH, Kim MR,
Kim MJ. Ovarian Volume in Korean Women with Polycystic
Ovary Syndrome and Its Related Factors. J Menopausal Med.
2017 Apr;23(1):25-31. doi: 10.6118/jmm.2017.23.1.25.
24. Homburg R. Androgen circle of polycystic ovary
syndrome. Hum Reprod. 2009 Jul;24(7):1548-55. doi:
10.1093/humrep/dep049.
25. Reid SP, Kao CN, Pasch L, Shinkai K, Cedars MI,
Huddleston HG. Ovarian morphology is associated with
insulin resistance in women with polycystic ovary syndrome:
a cross sectional study. Fertil Res Pract. 2017 May 30;3:8. doi:
10.1186/s40738-017-0035-z.
26. Hong SH, Sung YA, Hong YS, Jeong K, Chung H, Lee
H. Polycystic ovary morphology is associated with insulin
resistance in women with polycystic ovary syndrome. Clin
Endocrinol (Oxf). 2017 Oct;87(4):375-380. doi: 10.1111/
cen.13380.
27. Adams JM, Taylor AE, Crowley WF Jr, Hall JE. Polycystic
ovarian morphology with regular ovulatory cycles: insights
into the pathophysiology of polycystic ovarian syndrome.
J Clin Endocrinol Metab. 2004 Sep;89(9):4343-50. doi:
10.1210/jc.2003-031600.
28. Ahmed AA, Moselhy SS, Kumosani TA, Huwait EA,
Al-Ghamdi MA, Al-Madani KA, AlToukhi MH, Kumosani
AT. Ultrasonographic and biochemical assessments as early
prediction of polycystic ovarian syndrome in obese women.
Afr Health Sci. 2020 Jun;20(2):676-681. doi: 10.4314/ahs.
v20i2.18.

International Journal of Biomedicine 12(1) (2022) 104-108
http://dx.doi.org/10.21103/Article12(1)_OA9

ORIGINAL ARTICLE

INTERNATIONAL
JOURNAL
OF BIOMEDICINE

Cardiology

Comparison of the Impacts of Insulin and Oral Treatment, with or
without Dietary Control and Physical Activity Management, on the
Carotid Intima-Media Thickness of Patients with Type 2 Diabetes
Hassan A. Hamad1; Moawia Gameraddin2*; Sultan Alshoabi2; Mohamed Adam3;
Salah Aloub1; Bushra A. Abdelmalik4
Diagnostic Radiologic Department, Alghad International Colleges, Almadinah, Saudi Arabia
2
Department of Diagnostic Radiologic Technology, Faculty of Applied Medical Sciences,
Taibah University, Almadinah, Saudi Arabia
3
College of Applied Medical Science, Radiology Department, King Khalid University, Abha, Saudi Arabia
4
Department of Diagnostic Radiology Sciences, College of Medical Applied Sciences, Hail University,
Hail, Saudi Arabia
1

Abstract
The aim of this study was to assess carotid intima-media thickness (CIMT) changes in relation to the treatment options of
type 2 diabetes (T2D).
Methods and Results: This cross-sectional descriptive study included 92 adults (57.61% female and 42.39% male) diagnosed
with T2D with the mean age of 48.59±8.24 years and mean disease duration of 6.0±3.03 years. All patients were categorized into
three groups according to the treatment types: Croup A included patients (n=21) treated with insulin injections; Group B included
patients (n=33) treated with pills; and Group C included patients (n=38) treated with pills, dietary control, and regular exercise.
The control group included 83 healthy people. High-resolution B-mode sonographic evaluations of common carotid arteries
(CCAs) were performed. CIMT was measured at a point 1cm distal from the bulb of the carotid artery. The random blood glucose
(RBG) test was performed at the time of the sonographic investigation.
In T2D patients, the CIMT was significantly higher than in the healthy participants (P<0.001).The CIMT of the left CCA
in Group C was significantly lower than in Groups A and B (P=0.033). The age of participants and the duration of T2D were
significantly associated with increased CIMT (P=0.021 and P=0.015, respectively).
Conclusion: Dietary control and physical activity should be considered significant factors in controlling CIMT in T2D.
(International Journal of Biomedicine. 2022;12(1):104-108.)
Key Words: carotid intima-media thickness • type 2 diabetes • dietary control • physical activity • insulin injection
For citation: Hamad HA, Gameraddin M, Alshoabi S, Adam M, Aloub S, Abdelmalik BA. Comparison of the Impacts of Insulin
and Oral Treatment, with or without Dietary Control and Physical Activity Management, on the Carotid Intima-Media Thickness
of Patients with Type 2 Diabetes International Journal of Biomedicine. 2022;12(1):104-108. doi:10.21103/Article12(1)_OA9

Abbreviations
CCAs, common carotid arteries; CVD; cardiovascular disease; CIMT, carotid intima-media thickness; DM, diabetes mellitus;
RBG, random blood glucose; T2D, type 2 diabetes.

Introduction
Diabetes mellitus (DM) is a significant health
problem and a key risk factor for atherosclerosis and several

cardiovascular issues, such as myocardial infarction, stroke,
and vascular death. Compared to people without DM,
those with diabetes have a higher risk of CVD events and
cardiovascular death.(1,2)
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Carotid intima-media thickness (CIMT) is an important
ultrasound biomarker for the evaluation of atherosclerosis and
is considered a predictor of organ damage. People with DM
exhibit a higher CIMT than those without DM.(3-5)
The control of DM has a significant role in the prevention
of CVDs. Uncontrolled DM can damage various organs, such
as the eyes, nerves, kidneys, and cardiovascular system.(6) A
large number of prospective and retrospective studies have
reported significant associations between control of T2D and
reduction of the progressive effect of CIMT.(7) For T2D, a
diet rich in fiber has been found to have a beneficial effect
on cardiovascular risk factors.(8) Regular physical activity has
also been shown to reduce CIMT.(9)
The aim of this study was to assess CIMT changes in
relation to the treatment options of T2D.

Materials and Methods
This cross-sectional descriptive study was conducted at
Ribat University Hospital and Military Hospital in Khartoum
State from January 2015 to November 2017. A total of 92
adults (57.61% female and 42.39% male) diagnosed with
T2D with the mean age of 48.59±8.24 years and mean
disease duration of 6.0±3.03 years were categorized into three
groups according to the treatment types (Table 1): Croup A
included patients (n=21) treated with insulin injections; Group
B included patients (n=33) treated with pills; and Group C
included patients (n=38) treated with pills, dietary control,
and regular exercise. The participants were asked for regular
exercise and dietary control using a designed data collection
sheet.
Table 1.
Demographic characteristics of patients with T2D
Variable

Mean ± SD

CIMT (Male; n=53)

1.675±0.088 mm

CIMT (Female; n =39)

1.907±0.168 mm

Age

48.59±8.25 years

Duration of the disease
RBG
Group C
Group A
Group B

6±3.03 years
125±8 mg/dL
150±11 mg/dL
170±9 mg/dL

The dietary control was implemented through medical
nutrition therapy utilized for improving diabetes management.
RBG was taken at the time of the sonographic investigation.
Patients were excluded from the study if they had any
history of previous ischemic stroke, hypertension, familial
hyperlipidemia, CVDs, carotid or peripheral vascular surgery,
or renal insufficiency. The control group included 83 healthy
participants.
Sonographic examination
The patients were investigated using an ultrasound
machine (Sonoline G 60S) equipped with a linear probe with a

frequency of 7–10MHz. High-resolution B-mode sonographic
evaluations were performed. Patients were examined in a supine
position with the sonographer seated beside the patient’s head.
The sonographic scanning of the neck was obtained by tilting
and rotating the head away from the side being investigated.
The CCAs were scanned in several transducer positions, such
as long-axis (longitudinal) and short-axis (transverse) planes.
The views of the CCAs were obtained from the anterior,
lateral, and posterior-lateral approaches. CIMT was measured
at a point 1cm distal from the bulb of the carotid artery.
Statistical analysis was performed using the standard
Statistical Package for the Social Sciences (IBM SPSS
Statistics for Windows, Version 23.0. Armonk, NY: IBM
Corp). Continuous variables were presented as mean±standard
deviation (SD). For data with normal distribution, inter-group
comparisons were performed using Student’s t-test. Multiple
comparisons were performed with one-way ANOVA. The
linear regression test was applied. A probability value of
P<0.05 was considered statistically significant.
The study was approved by the ethical committee
of the College of Medical Radiologic Science at the Sudan
University for Science and Technology (SUST). Written
informed consent was obtained from all participants.

Results
The results of biochemical analysis were not significantly
different between the groups; the range of the RBG was 125–
170 mg/dl for the three groups (Table 1). In T2D patients, the
CIMT was significantly higher than in the healthy participants
(P<0.001) (Table 2).
Table 2.
CIMT in patients with T2D and Control group
Variables

Participants

n

Mean±SD

P-value

95% CI

92 1.47±.268
Right CCA T2D
CIMT, mm Control group 83 0.66±0.079 < 0.001 .745─.86
92 1.52±0.220
Left CCA T2D
CIMT, mm Control group 83 0.59±0.098 < 0.001 .869─.97

The CIMT of the left and right CCAs was not significantly
different between Group A and Group B. In contrast, the CIMT
of the left CCA in Group C was significantly lower than in
Groups A and B (P=0.033) (Table 3).
The right CIMT was also lower in Group C than in
Group A, but differences were not statistically significant
(Table 4). Figure 1 summarizes the changes in the mean CIMT
in the study groups.
We applied a linear regression test to determine the
risk factors and predictors that may affect the carotid IMT.
We found that the age of participants and the duration of T2D
are significantly associated with increased CIMT (P=0.021
and P=0.015, respectively). Importantly, the treatment of T2D
with dietary control and exercise has a significant association
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with CIMT (P=0.022). After adjusting for age, duration of
T2D, and gender, the mean CIMT maintained a significant
difference depending on the type of treatment (Table 5).
Table 3.
CIMT in patients according to the type of treatment
Group

n

Model

Right CCA Left CCA Duration of T2D,
CIMT, mm CIMT, mm
years

Group C

38

1.44±.27

1.46±.19

4.79±2.24

Group A

21

1.48±.31

1.61±.18

8.19±3.23

Group B

33 1.48±.23

1.52±.25

6.00±2.98

0.033

< 0.001

P-value
(ANOVA test)

0.836

Table 5.
CIMT in the linear regression test
Unstandardized Standardized
coefficient
coefficient

t

P

95.0% CI
for B

B

Std.
Error

Beta

Age

.035

.015

.275

2.357 .021 .005–.064

Gender

.492

.209

.233

2.356 .021 .077–.908

Dietary and
exercise
.523
control

.224

.247

2.335 .022 .078–.968

Duration of -.101T2D

.041

-.293-

-2.480- .015 -.183–-.020

(Constant) -.734-

.759

--

-.968- .336 -2.242–.774

Discussion

Fig.1. CIMT in patients according to the type of treatment

Table 4.
CIMT of the left and right CCAs in groups of patients according to
the type of treatment
CIMT

Group

Left CCA Group C
CIMT, mm Group A

Mean ± SD,
P-value
mm
1.46±0.19
1.61 ±0.18

Right CCA Group C
CIMT, mm Group A

1.44±0.28

Group A
LT CCA
CIMT, mm Group B

1.61±0.18

Group A
RT CCA
CIMT, mm Group B

1.48±.31

1.48±0.31

1.52±.25

1.48±.23

95% CI

.005

-.25957 — -.04896

.66

-.19145 — .12333

.183

-.04122— -.03344

.996

-.14934 — .14856

Atherosclerosis is a major cause of death and disability in
patients with T2D.(10) The CIMT is a risk marker for CVD.(11-13)
The present study explored the expected change in the CIMT of
T2D patients undergoing three types of treatment.
We found that the CIMT was significantly higher in the
T2D group than in the control group. A previous study also
reported that the average common CIMT was 0.13mm greater
in patients with DM,(14) and several other studies have found a
significant relationship between CIMT and DM.(15,16)
The present study revealed that age and duration of
DM were significantly associated with increased CIMT. This
finding consistently agreed with previous studies, which
reported a significant impact of age and DM duration on CIMT.
(17,18)
Despite the significant relationship between gender and
CIMT, as reported in previous studies,(19,20) the current study
found an insignificant correlation.
In our study, oral treatment with dietary control and
exercise had a more significant impact on reducing the CIMT
than oral treatment without exercise and dietary control. A
previous study reported the beneficial effect of dietary control
on T2D and glucose metabolism in general, reducing the
risk of microvascular complications.(21) Epidemiological data
have shown that a higher intake of some foods, such as whole
grains, fruit, and soluble fibers, and lower consumption of
saturated fat are associated with a decrease in CIMT. Lower
CIMT has been reported with consumption of more than 0.79
servings/day of whole grains and more than 25g/day of fiber,
predominately in a soluble form, and dietary control has thus
been correlated with a significant decrease in CIMT.(22)
In the current study, the pills, diet, and exercise group
had significantly lower CIMT. In the literature, it has been
reported that regular exercise has a beneficial effect in
reducing CIMT, which in turn helps to prevent carotid plaques.
Byrkjeland et al.(23) reported that there was a significant effect
of exercise on the presence of carotid plaques (P=0.013), with
significantly lower CIMT in their exercise group than in the
control group in patients without identified carotid plaques.
Long-term physical activity may also have a positive effect
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against atherosclerosis in healthy asymptomatic individuals.
(24,25)
These studies support our finding that dietary control and
physical activity are related to significantly lower CIMT than
insulin injections alone for T2D.
The current recommendations for the treatment of
patients with T2D highlight the importance of diet and
exercise.(26-30) Dietary knowledge and exercise for the treatment
of T2D lead to better control of the disease and prevent carotid
atherosclerosis, which is a key factor in cardiovascular events.
Limitations
The findings of this study should be interpreted in the
context of some specific limitations. The diabetic treatments
may not have been controlled perfectly in accordance with
clinician instructions, and some patients may not have
optimally implemented physical activity and dietary control.
Secondly, the sample size is not large enough, and this may
influence the statistical or clinical conclusion. These situations
may affect the current results.
In conclusion, both insulin and oral treatment without
other forms of management had no significant impact on
reducing the progressive effect of CIMT. In contrast, oral
treatment with dietary control and exercise saw significant
differences. Therefore, dietary control and physical activity
should be considered significant factors in controlling CIMT in
T2D. Further studies are required to understand the correlation
between diet, physical activity, and changes in CIMT.
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Abstract
Background: To create a test for the early detection of cervical cancer (CC), we conducted exploratory studies on detecting
HPV genes and genes of the human β-globin locus in plasma (Pl) and red blood cell (RBC) suspension (RBCsus) samples from
patients with newly detected CC (NDCC).
Methods and Results: Smears of venous blood containing K3-EDTA from five anonymous patients aged from 45 to 55 years
(residents of Yakutia), with NDCC were obtained. Three types of blood component samples were prepared – Pl, RBCsus, and the
erythrocyte fraction treated with trypsin (RBCsus-Try). To detect circulating cell-free DNA (cfDNA) in NDCC patients, we studied
the presence of genes corresponding to the HPV L1 protein region and genes of the human β-globin locus by real-time PCR (qPCR)
using appropriate primers.
The genes of β-globin locus and HPV L1 were detected in Pl of NDCC patients in 20% of cases, and in RBCsus in 60% of
cases. The amplified gene products using primers were present in RBCsus-Try in only one patient (20% of cases).In patients with
uncertain amplification, electrophoresis showed the absence of amplified products in Pl and their presence in RBCsus.
Conclusion: In NDCC patients, HPV L1 and β-globin genes can be detected in both Pl and RBCsus. In addition, in RBC
samples, these genes were detected more often than in plasma samples, and no absolute absence of amplification products was
observed in RBC samples. The research needs to be continued.(International Journal of Biomedicine. 2022;12(1):109-114.)
Key Words: cervical cancer • human papillomavirus • circulating cell-free DNA • quantitative PCR
For citation: Kononova IV, Mamaeva SN, Alekseev VA, Nikolaeva NA, Afanasyeva LN, Nikiforov PV, Vasilyeva NA, Vasiliev IV,
Maximov GV. Simultaneous Detection of the HPV L1 Gene and the Human β-Globin Gene in the Blood Components of Cervical
Cancer Patients Living in Yakutia. International Journal of Biomedicine. 2022;12(1):109-114. doi:10.21103/Article12(1)_OA10

Abbreviations
CC, cervical cancer; Pl, plasma; RBC, red blood cells; NDCC, newly detected CC; HPV, human papillomavirus; ctDNA, circulating
tumor DNA; cfDNA, circulating cell-free DNA; qPCR, quantitative PCR; csbDNA, cell-surface-bound extracellular DNA.

Introduction
Cervical cancer (CC) is common cancer among women
around the world. The high burden of CC is among people

living in low- and middle-income countries where access
to public health services is limited.(1) In Russia, a middleincome country,(2) cytological screening is primarily used
for CC early detection. Cytological screening is carried out
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free of charge for Russian citizens once every 3 years. At the
same time, in Russia, the CC incidence and mortality have
not been decreasing and significantly exceed the target level
established by the WHO.(3) Therefore, research on creating
new tests for CC early detection is highly relevant. For such
tests, the researchers suggest, among others, the detection
of ctDNA isolated from human bodily fluids since in CC
patients, ctDNA has a high genetic similarity to the tumor
cell DNA.(4,5) ctDNA can be detected before treatment in
patients with early-stage primary cancer; however, ctDNA is
generally detected at a lower rate than in advanced cancer.(6-8)
For CC detection, researchers often detect circulating
cell-free HPV DNA, which can be considered as CC-ctDNA,
since it is believed that cfDNA containing one or more copies
of the HPV genome originates from transformed cells.(5,9)
The aim of our study was to create an affordable and
easily reproducible method for the early detection of CC using
cfDNA as a CC biomarker.
To detect cfDNA in NDCC patients, we studied the
presence of genes corresponding to the HPV L1 protein
region and genes of the human β-globin locus by real-time
PCR (qPCR) using appropriate primers. It is known that CCctDNA contains human genes and HPV genes.(5) We detected
cfDNA, which can be a CC biomarker in NDCC patients, in
samples of plasma (Pl) and red blood cell (RBC) suspension
(RBCsus) since these blood fractions do not contain human
cell nuclei.
A meta-analysis conducted by Y. Gu et al.(9) showed that
detection of HPV cDNA in patients with CC could be used as
a noninvasive early dynamic biomarker of tumors, with high
specificity and moderate sensitivity.
Human β-globin is expressed by cervical carcinoma
cells and plays a cytoprotective role against oxidative
damage.(10) In cancer patients, cfDNA carries tumor-related
genetic alteration of transformed cells.(11) Therefore, we
expected that in CC patients, genes of the human β-globin
locus should be detected in blood fractions that do not contain
human cell nuclei in significant quantities. In ovarian cancer,
for example, genes of the human β-globin locus are detected
in plasma in significantly greater numbers than in healthy
patients.(12)
Genes corresponding to the HPV L1 protein region
and genes of the human β-globin locus are often detected in
scientific research and in clinical practice; their primers are
available on the market and have an optimal value. In addition,
we decided to find out whether the cfDNA detected from
RBCsus is the RBC-bound cfDNA. Therefore, we determined
the presence of cfDNA in the erythrocyte fraction treated with
trypsin (RBCsus-Try).

Materials and Methods
Smears of venous blood containing K3-EDTA from five
anonymous patients aged from 45 to 55 years (residents of
Yakutia), with NDCC were obtained. The blood was collected
in 2018-2019 and in the same years, it was investigated. At the
time of blood sampling, the patients were not given any type
of cervical cancer treatment.

Three types of blood component samples were prepared
– Pl, RBCsus and RBCsus-Try. To obtain blood fractionation,
blood samples were centrifuged at 1600 g for 10 minutes. After
fractionation, PI samples were obtained.
RBC samples were obtained from 1ml of the erythrocyte
fraction then washed three times in a phosphate buffer.
RBCsus-Try samples were obtained as follows: The RBC
samples described above were split in half; a solution of 0.25%
trypsin was added to one half in a ratio of 1:1 and incubated
at 37°C for 10 minutes. After incubation, it was centrifuged
to obtain sediment. Then the lower part of the sediment was
washed three times in a phosphate buffer, and these samples
were included in this study as RBCsus-Try.
All samples were stored at a temperature of –20°C
before DNA isolation and qPCR. For DNA extraction,
200 µl of previously prepared samples with markings Pl,
RBCsus, RBCsus-Try were used. TRIzol™ and chloroform
were added to each sample in an amount of 1000 μl and
200 μl, respectively. The concentration of the isolated DNA
was determined on a spectrophotometer, following the
manufacturer’s instructions.(13)
To detect cfDNA, the CFX96 Touch Real-Time PCR
Detection System was used. qPCR was performed using
the 5x qPCRmix-HS SYBR+LowROX, designed for setting
up PCR with SYBR Green I in the presence of a reference
dye ROX, according to the manufacturer’s amplification
protocol.(14)
Genes of the human β-globin locus were detected using
PC03/04 primers (5'-ACACAACTGTGTTCACTAGC-3'/5'CAACTTCATCCACGTTCACC-3').
Primers MY09/11 (5'-CGTCCMARRGGAWACTGATC3'/5'-GCMCAGGGWCATAAYAATGG-3') were used to detect
genes corresponding to the HPV L1 protein DNA region. The
length of the amplicons was determined by DNA electrophoresis
in 2% agarose gel.
Given the small number of patients and the exploratory
nature of the study, the results are presented as a percentage.
The study was conducted in accordance with ethical
principles of the WMA Declaration of Helsinki (1964, ed.
2013) and approved by the Ethics Committee of the M.K.
Ammosov North-Eastern Federal University (protocol No. 13
of April 4, 2018, decision No. 2). Written informed consent
was obtained from each patient.

Results
In all 15 samples (3 samples [Pl, RBCsus, and RBCsusTry] from each of the five CC patients), DNA was detected
and isolated in sufficient amounts (Table 1).
The results of qPCR using primers PC03/04 and
MY09/11 (Table 2) showed the joint presence of genes
corresponding to the human β-globin region and HPV L1
protein DNA region in Pl from Patient #5 (20% of cases), in
RBCsys from Patients #3-5 (60% of cases) and in RBCsusTry from Patient #5 (20% of cases).
Uncertain amplification results using both primers
were detected for DNA isolated from Pl of Patients #1 and #4
(40% of cases), for DNA isolated from RBCsus of Patients
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Table 1.

Electrophoresis revealed that the size of qPCR products
ranges from 50 bp to 200 bp. This size corresponds to the
recommended amplicon sizes for obtaining consistent and
reliable results by the real-time PCR method.(15)
Thus, in NDCC patients, genes corresponding to
the HPV L1 protein DNA region and the human β-globin
region were detected in RBCsus more often than in Pl. Also,
in RBCsus, there was no undoubted absence of amplified
products using primers for these gene products. Considering
that the amplified gene products using primers were present
in RBCsus-Try in only one patient, we can say that the
cfDNA that can be a CC biomarker might be an RBC-bound
cfDNA.

DNA concentration (ng/ml)
Pl

RBCsus

RBCsus -Try

Patient 1

High

High

High

Patient 2

High

High

High

Patient 3

High

3773

High

Patient 4

High

High

High

Patient 5

3390

2808

2753

“High” means that the concentration of the isolated DNA is higher
than the linear range of the spectrophotometer.

Discussion
HPV cDNA has become a major focus, providing
a strong basis for early diagnosis and prognosis in cervical
cancer.(5,16,17) The E7 proteins encoded by the high-risk type
HPVs, such as HPV 16 and HPV 18, bind Rb with a much
higher affinity compared to those encoded by the low-risk type
HPVs, such as HPV 6 and HPV 11.(18) The ability to target the
retinoblastoma (Rb) family of proteins and p53 and to induce
telomerase are some of the critical events that contribute to the
development of malignancy.(19)
HPV DNA for CC detection is isolated by researchers
mainly from plasma and serum samples(6) using primers
for HPV16/18 E7.(20-22) It is believed that the DNA fragment
corresponding to the HPV16/18 E7 protein region is the
optimal candidate for a CC biomarker.(22,23)
The papillomavirus major capsid protein, L1, encoded
by late gene 1, can spontaneously self-assemble into a highly
immunogenic structure,virus-like particles, that closely mimic
the natural surface of native papillomavirus virions. The late
phase of the viral life cycle, during which new virions are
assembled, occurs only in keratinocytes, which form the outer
layer of the skin (epidermis), as well as the surface of other
stratified squamous epithelia, including the genitals.(24)

#1 and #2 (40% of cases), and for DNA isolated from the
RBCsus-Try of Patients #1, #3 and #4 (60% of cases). No
amplification results using both primers were detected for
DNA in Pl from Patients #2 and #3 (40% of cases) and in
RBCsus-Try from Patient #2 (20% of cases).
The results of qPCR products were validated based on
the DNA gel electrophoresis. The agarose gel electrophoresis
confirmed the qPCR amplification and no amplification.
Regarding CC patients with uncertain amplification for
DNA isolated from Pl (Patients #1 and #4), in Patient #1,
electrophoresis showed the presence of amplified products
using PC03/04 primers, but electrophoresis to confirm
amplification using MY09/11 primer products could not be
performed because we ran out of biomaterial; in Patient #4,
electrophoresis showed the absence of amplified products
using both primers.
Patients #1 and #2 with uncertain amplification for
DNA isolated from RBCsus, electrophoresis showed the
presence of amplified products using both primers. In Patients
#1, #3, and #4 with uncertain amplification results for DNA
isolated from RBCsus-Try, electrophoresis did not confirm
the presence of amplified products using both primers.

Table 2.
The results of qPCR using primers PC03/04 and MY09/11
Pl

RBCsus

RBCsus -Try

PC03/04

MY09/11

PC03/04

MY09/11

PC03/04

MY09/11

Patient #1

-+ (+)

-+(N/A)

-+ (+)

-+ (+)

-+ (-)

-+ (-)

Patient #2

- (-)

- (-)

-+\+

-+ (+)

- (-)

- (-)

Patient #3

- (-)

- (-)

+ (+)

+ (+)

-+ (-)

-+ (-)

Patient #4

-+ (-)

-+ (-)

+ (+)

+ (+)

-+ (-)

-+ (-)

Patient #5

+ (+)

+ (+)

+ (+)

+ (+)

+ (+)

+ (+)

The “+” indicates the amplification; the “-“indicates no amplification; the “-+” indicates an uncertain amplification. In parentheses - the
results of electrophoresis with the RT-PCR products.
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We have not found any published studies on CC
detection based on the presence of circulating HPV DNA
using primers for HPV L1 DNA. Also, we have not found
published studies on the detection of HPV DNA and ctDNA
in the erythrocyte fraction of CC patients. There is a study that
shows that in healthy male blood donors, HPV DNA is found
among leukocytes, but not in the erythrocyte fraction.(25)
Protein L1 alone forms the surface of the HPV virion
and provides the initial interaction of the HPV capsid with the
host cells.(24) In a study by Cao et al.,(26) circulating HPV DNA
(in the plasma) was detected by conventional PCR using the
L1 G5+/6+ primer (L1 primer) in most patients with HPV(+)
oropharyngeal carcinoma. In a study by Cocuzza et al.,(27) HPV
DNA detection was carried out in both plasma and cervical
samples using type-specific real-time quantitative PCR assays
identifying oncogenic HPV 16, 18, 31, 33, 45, 51, and 52.
Overall, 34.2% (41/120) of plasma samples were shown to
be positive for HPV DNA detection; HPV 45(46.3%), HPV51(29.6%), and HPV 16(18.5%) were the most frequently
identified genotypes. HPV 16 was the most common genotype
identified in women found to be HPV DNA positive in both
cervical and plasma samples.
We chose primers for HPV L1 and the human β-globin
region for early detection of CC, not only in Pl, but also in
RBC suspensions because we speculated on the following:
(i) It is known that with the CC progression, changes
in an infected cell interrupt the HPV replicative life cycle;
therefore, progeny virions cannot be obtained,(28) and
L1expression is only poorly supported,(29) but not all infected
cells in CC patients undergo cancer transformation, and that
means HPV replication may still be present;
(ii) there is a possibility that HPV can bind to the
erythrocyte surface; it is known that virus-like particles having
the L1 protein derived from bovine papillomavirus type 1
(BPV-1) can bind to surface receptors of erythrocytes;(30)
in addition, heparan sulfate, the HPV receptor,(25) has been
identified on human erythrocytes.(31)
(iii) With the probable fulfillment of the events described
in (i) and (ii), the biomarker of malignancy can be the
simultaneous presence of genes corresponding to the HPV L1
protein DNA region, as well as genes of the human β-globin
locus, since the human β-globin gene cluster is expressed by
cervical carcinoma cells;(10)
(iv) erythrocytes carry extracellular vesicles on their
surface,(32) some of which are represented by exosomes(33)
including, in our opinion, tumor exosomes, and it is possible
that DNA of tumor exosomes contains genes corresponding
to the HPV L1 protein DNA region and genes of the human
β-globin locus;
(v) erythrocytes are capable of carrying csbDNA(34) and,
in our opinion, it is possible that erythrocytes are also capable
of carrying csbDNA—RBC-bound ctDNA.
Our study has certain limitations. We do not exclude
technical errors, so the study should be repeated. In future
research, we should include in the study a larger number
of patients, both with CC and cervical neoplasia, as well as
healthy patients. We should also get, if possible, consent from
patients for more of their medical information.

A review by ASCO and the College of American
Pathologists analyzed information on clinical ctDNA assays
and found no evidence for clinical utility and little evidence
for clinical validity of ctDNA assays in cancer early detection,
treatment monitoring, and detection of residual disease. There
is also a lack of evidence for the clinical validity and clinical
usefulness of ctDNA assays for cancer screening outside of
clinical trials.(35) The authors emphasize that "Given the rapid
pace of research, re-evaluation of the literature will shortly be
required, along with the development of tools and guidance
for clinical practice."(35)
We want to emphasize that this study was performed
for the detection of CC at any stage. Our study and similar
studies by other researchers are relevant, for example, for
patients for whom it is important that the procedure for taking
their samples for testing is psychologically comfortable.
For example, CC screening tends to induce psychological
discomfort, since all patients experience anxiety before a
gynecological examination,(36) while the level of anxiety
during venipuncture is very low.(37) Patients can be expected to
shy away somewhat less from tests that detect CC markers in
the blood than from screening for CC.
We hope that the continuation of the study will allow
us to create an affordable and easily reproducible method for
detecting cfDNA, which can be a CC biomarker.
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Abstract
Adult patients’ exposure and ascribed cancer risk were calculated using CT-Expo dosimetry software. A total of eight CT
scanners and 395 examination patients were used in the study. The predicted effective dose values for chest CT, abdominal CT, and
pelvic CT were 8.0 mSv, 10.9 mSv, and 5.6 mSv, respectively. The estimated dose–length product to effective dose (ICRP 103)
conversion coefficients for chest CT, abdominal CT, and pelvic CT were 0.020 mSv·mGy-1, 0.016 mSv·mGy-1, and 0.013 mSv·mGy-1,
respectively. In chest CT, organ doses were 16.6 mSv (lung), 14.9 mSv (esophagus), and 10.8 mSv (breast); in abdominal CT: 15.5
mSv (stomach) and 13.7 mSv (liver); and in pelvic CT: 17.9 mSv (bladder) and 11.3 mSv (colon). The estimated cancer incident cases
per million were 168 for lung cancer (chest CT) and 103 for stomach cancer (abdominal CT). The study allows comparing the risk of
CT examinations to those of other radiological procedures.(International Journal of Biomedicine. 2022;12(1):115-119.)
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Introduction
Because computed tomography (CT) is the major
contribution to patient radiation exposure in diagnostic
radiology, it merits special consideration. The frequency of
CT examinations is expanding worldwide, owing to technical
developments that have contributed to the clear benefit supplied
to the tested persons. The number of different types of CT
tests is likewise growing. Increasing concerns regarding the
growing population’s exposure to radiation are correlated to its
increasing use.(1-3) The amount of radiation used in CT scans is a
significant source of worry for the medical imaging community.
As a result, physicians must have realistic instruments to allow
for the console-displayed dose (i.e., dose length product PKL,CT ),
which can be converted into a radiation protection, risk-related
dose quantity that is understandable to the medical imaging
community. Practitioners who are aware of radiation dangers
are more likely to take the necessary precautions to keep all
patient exposures as low as reasonably possible, especially in
*Corresponding Author: Dr. Essam H. Mattar. Department
of Radiological Sciences, College of Applied Medical Sciences, King
Saud University, Riyadh, Saudi Arabia. E-mail:emattar@ksu.edu.sa

CT and other high-dose imaging modalities.(4) Radiation risk
in CT and other ionizing radiation-based diagnostic methods
can be calculated using two radiation protection quantities:
organ dose and effective dose. The effective dose accounts
for the radiosensitivity of different body organs and tissues,
whereas the body organ dose considers the relative biological
effectiveness (RBE) of different radiation types.(5) A significant
amount of work has been done in CT dosimetry in the last few
years.(2,6) To optimize and create national diagnostic reference
levels, doses were expressed in terms of the CT air kerma
index and the CT dose–length product. Estimates of radiation
protection risk-related variables (organ and effective doses)
and ascribed cancer risk have recently received attention.(7) The
current investigation was undertaken as part of these attempts
to quantify organ doses, effective doses, and associated cancer
risk following adult CT scans. For the first time, body organ
doses are reported, adding to the national databank on radiation
exposure. Because effective dose values and radiation risk
incidents in CT are assessed using tissue-weighting factors
from the International Commission on Radiological Protection
(ICRP) Report 103, the findings of this study are critical for
updating effective dose values and radiation risk incidents in
CT.(2,5)
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Materials and Methods
Survey of the ionizing radiation dose
In this investigation, organ and effective doses were
computed for 395 patient examinations in eight hospitals using
CT-Expo CT dosimetry software version 2.5.(8) To evaluate
radiation protection risk-related variables, such as the organequivalent dose and effective dose (E), patient doses were
calculated using the volume CT air kerma index (Cvol (mGy)
and CT air kerma length product (PKL,CT ).(9-11)
CT dose descriptors
For a multislice scanner with Ni and slice thickness Ti,
CK,, the CT air kerma index in-phantom for an integration
length of 100 mm, CK,PMMA,100 , is defined as follows: (10,11)
 50

K a ,PMMA ( Z)dZ

50

N i Ti

C k ,PMMA ,100  

In clinical applications, an ionization chamber (penciltype) with an active length of 10 cm, placed along the CT
machine’s axis of rotation, with its center at the center of
the scanning plane, can be utilized to generate a reasonable
assessment of CK,PMMA,100 . CK,PMMA,100 is derived from the
expression:
C K ,PMMA ,100 

DL
T

[mGy],
in which D is the radiation dose measured by the
ionisation chamber and L is the sensitive length of the
chamber  (in this case, 100 cm).
The measurement can be performed either free-in-air
(Cair) or in the center (C100,c) and periphery (C100,p) of a
typical head or body CT dosimetry phantom.(9) The average
dose (in the air) can be described by the weighted C:D ratio,
assuming that the dose decays exponentially with radial
position from the top to the middle of the phantom:
1

2

C w  C K ,PMMA,w  3 .C K ,PMMA,100,c  3 .C K ,PMMA,100, p

Organ and effective doses and risk estimates
In addition to the main CT radiation dose units (Cvol
and PKL,CT), the software is capable of quantifying the organequivalent and effective radiation doses (mSv) in accordance
with the recent ICRP recommendations. Effective doses were
calculated using: (1) tissue-weighting factors given in ICRP-60;
and (2) tissue-weighting factors given in ICRP-103. The ratios
of the effective doses (E103/E60) and conversion coefficients
(E103/PKL,CT) are also provided. Detailed descriptions of the
dose survey, including presentation of the common patient
dose descriptors, are presented in our previous publication.(2)
Organ-equivalent doses are used to calculate attributed cancer
risk incidence using the cancer incidence risk coefficient given
in ICRP-103(5):

Results
This study contained a total of eight CT machines: two
16-slice CT machines, five dual-slice CT machines, and one

single-slice CT machine. The diversity of manufacturers and
types, as well as the year of installation and the measured CT
air kerma index, are summarized in Table 1. Dose estimates
were produced for 395 patients who had a routine chest,
abdomen, or pelvic CT scan. Doses were computed using CTExpo software and patient scan information obtained during
a countrywide exposure survey conducted throughout the
country.
Table 2 presents the mean scan parameter, CT dose
descriptors (Cvol and PKL,CT). The effective doses for chest,
abdomen, and pelvic CT have been determined. The tissueweighting factor described in ICRP publication 60 (E60)
and ICRP publication 103 was used to derive the effective
doses shown here (E103). An increase in the breast tissueweighting factor from 0.05 to 0.12 and a reduction in the
gonad tissue-weighting factor from 0.2 to 0.08 are significant
modifications from the preceding tissue-weighting factors
described in ICRP Guideline 60 (ICRP, 1991). (ICRP, 2007).
Changes in risk estimates from E60 to E103 were normalized
to E60 to demonstrate changes in risk estimates due to
changes in the tissue-weighting factor, which represents the
effective dose.
Conversely, the conversion coefficients (E103/PKL,CT )
were also determined; these were used to convert the values
of the console-displayed PKL,CT into a corresponding effective
dose.
Table 2 shows that abdominal CT had the highest
effective dosage (10.9 mSv), followed by chest CT (8.0 mSv),
and pelvic CT (5.7 mSv). CT scans of certain bodily regions
have a longer scan length, which allows them to cover the
majority of radiosensitive organs. Physicians may ask that
chest–abdomen or abdomen–pelvis tests be performed as a
single operation, resulting in greater extended scan coverage,
high total mAs, and consequently increased radiation dosage
to the patient, depending on the physicians’ explanations.
Table 3 presents a comparison of the E103/PKL,CT (µSv/
mGy.cm) coefficients and the E103/E60 ratios obtained in
this study with those from the literature. The E103/E60 ratios
are below unity for the abdomen (0.85) and pelvis (0.76),
but above unity for the chest, which is expected due to the
increased tissue weighting of certain organs in ICRP 103.(5)
In Figure 1, the mean organ-equivalent doses are
presented in chest, abdominal, and pelvic CT. In chest CT,
the lung (16.6 mSv) presented with the highest dose, followed
by the esophagus (14.9 mSv) and the breast (10.8 mSv). In
abdominal CT, organ-equivalent doses as high as 20.7mSv
(urinary bladder) and 15.5 mSv (stomach) are presented. With
respect to pelvic CT, the colon (5.6 mSv) presents the highest
organ dose, followed by the gonads (7.2 mSv). Radiation
doses to the gonads serve as indicators for possible cancer risk
in the offspring of exposed individuals.
Table 4 shows the cancer risk estimates for adult
patients that were computed using the sex-averaged, organspecific cancer risk coefficients given in E103. Projected risk
incidence rates as high as 168 per million people are presented
for lung cancer (chest CT), whereas the incidence rate is as
high as 102 per million people among those with stomach
cancer (abdominal CT).
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Table 1.
Summary of characteristic performance parameters for the CT systems used for dose calculation
Brain mode

Trunk mode

Scanner Code Made

Type

Number of
detectors

Uref (kV)

Cw. (mGy/mAs)

PH

Cw.(mGy/mAs)

PB

GE I

CT/e

1

120

0.160

0.70

0.072

0.32

GE II

CTe dual

2

120

0.154

0.71

0.154

0.71

GE III

High Speed Nx/i

2

120

0.151

0.63

0.072

0.30

Emotion Duo

2

130

0.215

0.71

0.215

0.71

S II

Sensation 16

16

120

0.184

0.76

0.131

0.77

S II

Sensation 16

16

120

0.184

0.76

0.131

0.77

Steion dual

2

120

0.293

0.65

0.149

0.32

Steion TSX

2

120

0.067

0.30

0.135

0.61

SI

TI

GE

Siemens

Toshiba

T II

n

n

PH: Scanner-specific (Cw/Cair) ratio for the head (16 cm) CT dosimetry phantom.
PB: Scanner-specific (Cw/Cair) ratio for the body (32 cm) CT dosimetry phantom.

Table 2.
CT scan parameters, dose indices, and conversion coefficients
Scan parameters
Scanner

N

CT Doses

Effective Dose (mSv)
E103/
E60

E103/PKL,CT
(mSv/mGy.cm)

mAs

L (cm)

Cvol (mGy)

PKL,CT (mGy.cm)

2.9

61.2

1.1

1.2

1.08

0.020

ICRP 60 ICRP 103

Chest CT
GII

5

63

15

GIII

11

131

25

9

237.9

4.3

5.0

1.12

0.021

SI

9

83

46

5.1

94.1

1.7

1.9

1.10

0.020

SII

9

105

40

9

410.2

6.5

8.0

1.23

0.020

SIII

16

41

28

3.1

98.1

1.6

1.9

1.12

0.019

TI

5

210

24

31.7

1123

24.0

22.0

1.17

0.022

TII

18

150

33

18.5

799.7

14.1

16

1.13

0.020

10.4

111.9

30.1

11.3

403.5

7.61

8.00

1.14

0.020

GI

22

102

29

4.9

164.4

2.9

2.4

0.79

0.015

GIII

19

119

20

15.9

286.7

5.3

3.8

0.72

0.013

SI

32

63

36

5.0

195.2

3.3

2.9

0.88

0.015

SII

22

73

43

6.1

270.5

4.9

4.3

0.87

0.016

SIII

21

60

38

9.3

516.7

9.4

8.9

0.94

0.017

TI

10

253

38

51.6

2309

42

36

0.84

0.016

Average
Abdominal CT

TII

20

150

42

20.1

1012.6

20

18

0.90

0.018

20.9

117.1

35.1

16.1

679.3

12.54

10.90

0.85

0.016

GIII

10

104

12

10.4

229.3

4.0

3.0

0.77

0.013

SI

10

28

22

2.7

72.3

1.2

0.9

0.75

0.012

TII

12

200

24

25.8

902.4

17.2

12.8

0.75

0.014

10.7

110.7

19.3

13.0

401.3

7.47

5.57

0.76

0.013

Average
Pelvic CT

Average

E103 refers to the effective dose calculated according to the recommendation of the ICRP 103.
E60 refers to the effective dose calculated according to the recommendation of the ICRP 60.
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Table 3.
Comparison of E103/E60 (µSv/mGy cm) coefficients and (E103/
E60) ratios (mSv/mSv) obtained in this study and the presented
data
Chest
(32 cm)

Abdomen
(32 cm)

Pelvis
(32 cm)

E103/ PKL,CT

20.4

16.0

13

E103/E60

1.14

0.85

0.76

Scan length (cm)

30.1

35.1

19.3

E103/ PKL,CT

14.5

15.3

12.9

1.07

0.99

0.77

22.6

20.2

21.1

20.4

16.3

14.3

1.20

1.02

0.75

35

24

20

Study
This study
(2016)

Deakk et al.
E103/E60
(2010)
Scan length (cm)
E103/ PKL,CT
Hudaa et al.
E103/E60
(2011)
Scan length (cm)

Fig. 1. Mean organ-equivalent doses in chest,
abdominal, and pelvic CT.
Table 4.
Cancer risk estimates for adult patients during CT exams

Organs

Nominal risk coefficients Radiation-induced
Organ (cases per 10,000 persons cancerprobability
doses per Sv)
per 106
(mSv)
Non-Fatal

Fatal

Non-Fatal

Fatal

Esophaguss 14.9

14.0

1.1

21

2

Stomachh

15.5

65.5

3.5

102

5

Colonn

11.3

31.3

34.2

35

39

Liverr

13.7

28.9

1.4

40

2

Lungg

16.6

101.5

12.6

168

21

Breastt

10.8

33.0

79.1

36

85

Ovaryy

5.7

6.0

4.6

3

3

Bladderr

17.9

12

31

21

55

Thyroidd

8.0

2.2

30.3

2

24

Bone
Marroww

6.2

28.0

13.9

17

9

16

4.0

12

3

Gonads
(Heritable) 7.5

Discussion
Doses were determined for patients undergoing CT
procedures of the chest, abdomen, and pelvis. Head CT was
excluded due to large inaccuracies in determining the organs
included in the scan; there was also a great deal of uncertainty
when determining organ and effective doses.
Computing the effective dose is of paramount
importance, as it provides a common measure by which to
compare exposure in different radiological procedures, as
well that from natural background radiation.(12) The annual
dose limit for occupational exposure, the yearly dose limit for
public exposure(1 mSv), and the annual effective dose from
natural background radiation (2.4 mSv) can all be compared
to the effective dose in body CT exams.(1,5)
The E103/E60 ratios obtained in this study for chest
(1.18) and pelvic (0.76) CT are not much different from those
reported by Huda and He,(13) who presented with ratios of 1.20
(chest CT) and 0.75 (pelvic CT), and these are very similar to
the results reported by Deak et al.(14) Both results showed an
E103/E60 ratio below unity for abdominal CT. It is crucial to
report that the current results are averaged over eight scanners,
as compared to the one scanner that was used in the study by
Huda and He,(13) and the two scanners that were employed in the
study by Deak et al.(14) The average conversion factor (E103/E60)
per CT procedure could be used to attain a reasonable estimation
of effective doses from previous studies, which were calculated
using ICRP 60. In Tanzania, Ngaile and Msaki (15) found that the
mean organ doses for the lens of the eyes (for head), the thyroid
(chest CT), breast(chest CT), stomach(abdominal CT), and
gonads (for pelvis) were 63.9 mGy, 12.3 mGy, 26.1 mGy, 35.6
mGy, and 24.0 mGy, respectively. When compared to the results
of this study, the organ doses reported in Tanzania are much
higher. This may be primarily attributed to the old scanner model
used in Tanzania. All scanners were single-slice, as compared to
the 4- and 16-multislice CT scanner used in this study.
Projected risk incidents as high as 168 per million people
are presented for lung cancer during chest CT (Table 3). These
values are much higher than the cancer incidence rate previously
reported for multiple-radiograph intravenous urography.(7) In a
study by Andrade et al.,(16) the effective attributed cancer risk
per million during chest CT ranged from 203–330, whereas
in abdominal CT, this rate ranged from 113–270 per million.
The current values are lower than those previously reported by
Andrade et al.(16) Those authors presented the effective average
attributed cancer risk in a given bodily region (chest/abdomen),
whereas in our study, attributed cancer risks were computed for
each body organ of interest. Attributed cancer risk determines
which organ-equivalent doses are more appropriate, as their
incidence rates depend upon which organ is irradiated; that
organ is thus added to the individual’s organ sensitivity.(5,17-24)
Variations in organ-equivalent dose indicate that dose
reduction can be achieved without jeopardizing the quality of
diagnostic information. High doses were mainly due to using
the same protocol for all patients regardless of their sizes
(Scanner SIII), as well as using inappropriate technique factors,
primarily including higher mAs than necessary(TI scanner).
Dose optimization using various technique factors involved
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decreasing mAs, using tube-current modulation where possible,
and limiting scan coverage.(2,17,18,25,26) Shielding radioprotective
organs during CT procedures may better mitigate the health
consequences of ionizing radiation.

Conclusion
The effective radiation dose is a useful metric for comparing
exposure during various radiological treatments, whereas organ
doses are better for predicting cancer induction. The input of
estimated dosages to the national patient exposure databank is
critical. They allow for a comparison of the risks associated with
CT scans to those associated with other radiological techniques.
The conversion of the dose length product to effective dose
conversion coefficients gives radiologists operating without
medical physics support with an accessible and user-friendly
method for determining CT-effective doses. The most recent
ICRP was used to calculate current effective dosage values.
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Abstract
Background: The increase in the number of HIV-infected women of fertile age, as well as their reproductive plans to have
healthy children, was the reason for studying the features of reproductive health disorders and comorbid conditions in women
with HIV infection.
Methods and Results: Women meeting the inclusion criteria were divided into two groups: Group 1 included 27 HIV-infected
women (average age of 30.8±2.9 years) with reproductive disorders; Group 2 included 23 HIV-infected women (average age of
31.4±7.1 years) without reproductive disorders. In study groups, the main route of HIV transmission was sexual contact. When
assigning women to a particular category (fertile or infertile), the WHO classification of fertility was used: fertile, presumably
fertile, primarily infertile, secondarily infertile, women with unknown fertility. There was a statistically significant difference
in the incidence of medical abortion in Group 1 [14(60.9%)] than in Group 2 [8(29.6%)] (P=0.026). There were no statistically
significant differences in the incidence of chronic co-morbidities (ENT disorders, gastritis/duodenitis, pancreatitis, cystitis, viral
hepatitis (B, C), papillomavirus infection) in Groups 1 and 2 (P>0.05). The incidence of pelvic inflammatory diseases was 2
times higher in Group 1 than in Group 2. No statistically significant differences in the incidence of uterine myoma, chronic
cervicitis, chronic endometritis, vulvovaginal candidiasis,, and cervical dysplasia were found. A significant prevalence of chronic
salpingo-oophoritis, secondary dysmenorrhea, secondary amenorrhea, opsomenorrhea, and secondary oligomenorrhea was
detected significantly more frequently in Group 1 than in Group 2. The syndrome of hyperprolactinemia was also 2.6 times more
frequent in Group 1 than in Group 2. Reproductive disorders in HIV-infected women were associated with a high incidence of STI
combinations (trichomoniasis, gonorrhea, syphilis, chlamydia).
Conclusion: Early detection of menstrual dysfunctions, prevention of abortion and sexually transmitted diseases, and timely
treatment of infertility, are essential for women living with HIV.(International Journal of Biomedicine. 2022;12(1):120-123.)
Key Words: fertility • infertility • HIV infection • comorbidity
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Introduction
In recent years, the proportion of HIV-infected women
has been increasing, and the role of sexual transmission is
increasing, as well as the active involvement of women of
reproductive age in the HIV epidemic.(1,2) HIV infection can
reduce the fertility of women at any stage of the disease;
menstrual cycle and ovulation disorders, decreased ovarian
reserve and oocyte quality have been reported.(3,4) Hormonal
disorders are an important link in the pathogenesis of many

disorders, including reproductive,(5) and may also contribute
to the more rapid development of acquired immunodeficiency
syndrome (AIDS), so monitoring of this system provides
additional information on opportunities and ways to prevent
the progression of HIV infection, and improve the possibility
of giving birth to a healthy child.(6,7) The increase in the
number of HIV-infected women of fertile age, as well as their
reproductive plans to have healthy children, was the reason
for studying the features of reproductive health disorders and
comorbid conditions in women with HIV infection.
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Materials and Methods
We performed a cross-sectional study of 83 women of
reproductive age with HIV stage 4B. Inclusion criteria were
age 18-45; HIV infection stage 4B, diagnosed on the basis of
epidemiological, clinical data and confirmed by detection of
specific antibodies by ELISA and immune blotting to HIV
type 1 proteins; signature of informed consent; regular sexual
activity for a year in the absence of contraception. Exclusion
criteria were anything that would place the individual at
increased risk or preclude the individual’s full compliance
with or completion of the study; history of hysterectomy,
bilateral oophorectomy; HIV-infected women with unknown
fertility.
Women meeting the inclusion criteria were divided
into two groups: Group 1 included 27 HIV-infected women
(average age of 30.8±2.9 years) with reproductive disorders;
Group 2 included 23 HIV-infected women (average age of
31.4±7.1 years) without reproductive disorders. In study
groups, the main route of HIV transmission was sexual contact.
When assigning women to a particular category (fertile
or infertile), the WHO classification of fertility was used:
fertile (women who had a pregnancy during the current year),
presumably fertile(women who had a history of pregnancy
more than 1 year ago), primarily infertile(women who did not
have a history of pregnancy, despite regular sexual contact
during the year and provided that no contraceptive methods
were used), secondarily infertile(infertile women with a
history of pregnancy), women with unknown fertility(women
with no history of pregnancy due to the use of contraceptive
methods, and/or with irregular sexual contact).
All women answered a questionnaire survey (menarche,
parity, live-births, abortions, missed abortions, use of
hormonal or other contraceptives, gynecological operations)
and underwent general clinical, gynecological, and laboratoryinstrumental examination.
Blood samples (5 ml) were collected from the ulnar
vein in standard vacuum tubes with EDTA in the morning
after night fasting, taking into account the phases of the
menstrual cycle or amenorrhea. The levels of prolactin,
luteinizing
hormone,
follicle-stimulating
hormone,
testosterone, cortisol, 17-OH progesterone, estradiol, thyroidstimulating hormone, free triiodothyronine, free thyroxine,
progesterone, dehydroepiandrosterone sulfate, anti-müllerian
hormone were assessed by competitive solid-phase enzyme
immunoassay using test system “ALKOR-BIO” on a Cobos
ELL immunoassay analyzer (USA).
The percentages and absolute counts of blood
lymphocytes (CD3+ and CD4+ cells) were determined by
the method of indirect immunofluorescence with monoclonal
antibodies using the BD FACSCalibur flow cytometer (USA).
The diagnosis of HIV infection was made on the basis
of epidemiological and clinical data and was confirmed by
the detection of specific antibodies by ELISA and immune
blotting for HIV type 1 protein.
Statistical analysis was performed using the Statistica 8.0
software package (Stat-Soft Inc., USA). The normality of the
distribution of continuous variables was tested by a one-sample

Kolmogorov-Smirnov test. Continuous variables with normal
distribution were presented as the mean and standard error of
the mean [SEM]. Means of 2 continuous normally distributed
variables were compared by independent samples Student’s
t-test. Mann-Whitney U test was used to compare means of 2
groups of variables not normally distributed. The frequencies
of categorical variables were compared using Pearson’s chisquared test or Fisher’s exact test (2-tail), when appropriate. A
value of P<0.05 was considered significant.
The study was approved by the Ethics Committee of the
Scientific Center for Family Health and Human Reproduction
Problems. Written informed consent was obtained from each
participant.

Results and Discussion
Group 1 consisted of women with primary and secondary
infertility. Group 2 consisted of fertile and presumably fertile
women. The HIV status of women in both groups did not
differ (Table 1).
Table1.
Characteristics of HIV status in women with reproductive disorders
Indicators

Group 1
n=23

Group 2
n=27

P-level

Mean duration of
HIV infection

10.0±1.5

8.0±2.5

0.496

HAART

8(34.8%)

11(40.7%)

0.666

STI

18(78.3%)

24(88.9%)

0.307

Parenteral route of
HIV transmission

5(21.7%)

3(11.1%)

0.444

In Groups 1 and 2, the mean duration of the HIV
infection was 10±1.5 years and 8±2.5 years, respectively
(P>0.05). Highly active antiretroviral therapy (HAART) was
received by 35% of women in Group 1 and 40% women in
Group 2. The main route of transmission was sexual in the 2
groups.
According to the active detection of infertility in the
Irkutsk region, the proportion of infertile women in a healthy
population was 19.56±1.1%, primary infertility - 32.5±0.7%,
secondary infertility - 67.5±0.7%.(8) Comparing the data
obtained in our study, the fertility status of HIV-infected
women is characterized by a low level.
In a study by Zaba et al.,(9) fertility of HIV-positive
women was lower than that of HIV-negative women in all
except the youngest age group. This controversial observation
has been attributed to earlier sexual activity in this patient
group. Comparison with the general female population
showed that fertility in HIV-infected women was 40% lower
than in uninfected controls. Decreased fertility rates in HIVinfected women have been described in the United States
in more recent studies.(10-12) Kushnir et al.(3) concluded that
psychosocial factors, in addition to biological alterations in
reproductive physiology, might affect reproductive desires in
HIV-infected patients.
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Table 2.

ICD-10 codes

Group 1
n=23

Group 2
n=27

P-level

Comorbid conditions n (%) in HIV-infected women

are more likely to suffer from prolonged anovulation and
amenorrhea;(3,4,16) the mechanisms underlying this clinical
observation are unknown and debated. However, there are
studies that have found no association between HIV infection
and amenorrhea after adjusting for age, body mass index, and
substance use.(3) The number of ovulatory cycles and frequency
of sexual intercourse correlate with the severity of HIV/AIDS
clinical status and can obviously affect fertility and may reflect
the degree of depletion and immunosuppression.(3,4) A direct
link between HIV and gonadal deficiency in men and women
has been suggested, but no evidence for this hypothesis is yet
available.
Table 3.
Gynecological diseases n (%) in HIV-infected women
ICD -10 codes

Group 1
n=23

Group 2
n=27

P-level

In our study, a parity analysis of HIV-infected women
in Group 1 revealed the following: anamnesis births in 56%
(in women with secondary infertility), pregnancy failure in
17%, medical abortion in 61%, ectopic pregnancy in 8%,
complications after medical abortion and delivery in 25%,
primary infertility in 43%, secondary infertility in 57%. There
was a statistically significant difference in the incidence of
medical abortion in Group 1 [14(60.9%)] than in Group 2
[8(29.6%)] (P=0.026).
Comorbid conditions in HIV-infected women are
presented in Table 2. There were no statistically significant
differences in the incidence of chronic co-morbidities (ENT
disorders, gastritis/duodenitis, pancreatitis, cystitis, viral
hepatitis (B, C), papillomavirus infection) in Groups 1 and 2
(P>0.05). The incidence of pelvic inflammatory diseases was
2 times higher in Group 1 than in Group 2.

Moderate cervical dysplasia N87.1

7(30.4%)

4(14.8%)

0.305

Chronic salpingo-oophoritis N70.1

15(65.2 %)

8(29.6%)

0.012

Chronic diseases of the tonsils - J35.0 10(43.5%) 15(55.6%) 0.394

Secondary amenorrhea N92.1

5(21.8%)

0

0.016

Chronic gastritis/duodenitis - K 29.5

5(21.7%) 7(25.9%) 0.730

Opsomenorrhea - N91.3

6(26.1 %)

1(3.7%)

0.039

Chronic viral hepatitis B - B18.1
Chronic viral hepatitis C - B18.2

11(47.8%) 12(44.4%) 0.811

Secondary oligomenorrhea N91.4

8(34.8%)

2(7.4 %)

0.030

Chronic pancreatitis - K86.1

3(13.0%) 4(14.8%)

Cervicitis - N72

12(52.2%)

8(29.6%)

0.105

Chronic cystitis - N30.1

2(8.7%) 4(14.8%) 0.674

Сhronic vulvovaginitis N76.1

14(60.9%)

11(40.7 %) 0.156

Chronic inflammatory diseases
of the uterus - N71.1

9(39.1%)

3(11.1 %)

Secondary dysmenorrhea N94.5

16(69.6%)

10(37.0 %) 0.022

1

STI combinations
-Chlamydial infection of pelviperitoneum and other
genitourinary organs - A56.1
-Gonococcal infection of lower
15(65.2%) 9(33.3%) 0.024
genitourinary tract without periurethral
or accessory gland abscess - A54
-Latent syphilis, unspecified as early
or late - A53
-Urogenital trichomoniasis - A59
Papillomavirus - B97.7

10(45%) 12(40%) 0.944

The structure of gynecological diseases is presented
in Table 3. No statistically significant differences in the
incidence of uterine myoma, chronic cervicitis, chronic
endometritis, vulvovaginal candidiasis, and cervical dysplasia
were found. A significant prevalence of chronic salpingooophoritis, secondary dysmenorrhea, secondary amenorrhea,
opsomenorrhea, and secondary oligomenorrhea was detected
significantly more frequently in Group 1 than in Group 2. The
syndrome of hyperprolactinemia was also 2.6 times more
frequent in Group 1 than in Group 2.
Biological changes in reproductive physiology may
explain the lack of fertility in HIV-infected women.(4,5)
Systemic disease, stress, weight loss, and substance abuse
can affect reproductive potential.(13-15) HIV-infected women

Myoma of the uterus - D25.1

1(4.3%)

2(7.4%)

0.044

1

External genital and
vaginal candidiasis - В37.3

12(52.2%)

10(37.0 %) 0.283

Hyperprolactinemia - Е22.1

13(56.5%)

5(18.5 %)

0.008

Female infertility associated
with anovulation - N97.0

7(30.4%)

0

0.002

In our study, reproductive disorders in HIV-infected
women are associated with a high incidence of gynecological
and endocrine pathology: secondary dysmenorrhea, pelvic
inflammatory disease, STI combinations (trichomoniasis,
gonorrhea, syphilis, chlamydia), hyperprolactinemia,
anovulation, oligomenorrhea, and secondary amenorrhea.
As more and more young HIV-infected patients live longer,
reproductive problems are becoming more prominent in public
health. It can be concluded that fertility treatment is a relevant
option for HIV-infected couples. Future treatments should be
designed to help minimize the risk of HIV transmission and
improve understanding of the impact of HIV and its treatments
on fertility and reproductive competence.
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Abstract
Background: Pathogenesis of inflammatory bowel disease (IBD) is insufficiently explored, while most of the therapeutic
agents used for IBD cases have undesirable side effects, which restrict their administration.The aim of this research was to study
the influence of vitamin D3 formulated into original rectal suppositories on the parameters of clinical score, morphology, and
oxidative lipid and protein destruction in the colonic lesion in the cases of experimental colitis (EC).
Methods and Results: The experiment was performed on 98 Wistar male rats weighing 210-230 g. EC condition was induced
by two-phase administration (dermal application and per rectum) of 3% alcohol solution of oxazolone. Originator polyethylene
glycol-based suppositories, which contained 1500 МЕ of vitamin D3, were administered per rectum every 12 hours. Clinical score
was defined according to the Disease Activity Index (DAI) scale. Morphometry was run using the software program “ImageScope
M” (Russia). Damage of the colonic tissue was estimated on Tissue Damage Index (TDI).
The following parameters were determined in the colonic lesion: neutrophil count (NC), lymphocyte count (LC), eosinophil
count (EC), histiocyte count (HC), plasma cell count (PC), fibroblast count (FC), the diameter of the ulcerous defect, TDI,
MPO expression, and TNF-α expression. The following parameters were determined in the damaged tissue homogenate: lipid
peroxidation product count (LPP) and protein oxidative modification (POM) count.
In cases of oxazolone-induced EC, on Days 2, 4, and 6, we registered clinical and laboratory signs, an ulcerous defect in the
damaged area of the colon, all of which are typical for IBD conditions. There was an increase in DAI (peak on Day 6) and TDI
(peak on Day 2). We also found an increase in NC (peak on Day 2), LC (peak on Day 6), EC (peak on Day 2), PC (peak on Day 2),
HC (peak on Day 2), and FC (peak on Day 2). There was an increase in MPO expression (peak on Day 2) and TNF-α expression
(peak on Days 2 and 4). We observed increases in the primary, secondary, and end LPP counts and the early-phase and late-phase
POM counts in spontaneous and induced modes.
An administration of 1500 ME vitamin D3 rectal suppositories every 12 hours for 6 days decreased the severity of clinical
manifestations and DAI. It reduced the area of the ulcerous defect and decreased the TDI on Days 4 and 6 of the experiment. On
the background of using vitamin D3 rectal suppositories, we found a decrease in NC, EC, LC, and PC in the damaged area and an
increase in HC and FC on Days 2, 4, and 6 from the start of the experiment. Administration of D3 rectal suppositories decreased
МРО expression and TNF-α expression on Days 4 and 6 of EC. In the damaged area of the colon, we observed a decrease in the
counts of the primary, secondary, and end LPP on Days 4 and 6 of the experiment. We also documented a decrease in the POM
count in spontaneous mode on Day 2 and on Day 6 in induced mode.
Conclusion: Vitamin D3 as a constituent of originator rectal suppositories in total dose 18,000 МЕ in the pre-clinical phase
of EC decreases the intensity of EC clinical manifestations. It reduces the count of the cells that take part in tissue destruction
in the colonic wall, of TNF-α and MPO expression levels, and LPP- and POM product count. It increases the count of the
cells, which promotes tissue reparation. The obtained results are essential for carrying out further research aimed at elaboration
of the mechanism of the D3 effect in cases of IBD and at its possible clinical use.(International Journal of Biomedicine.
2022;12(1):124-133.)
Key Words: experimental colitis • rectal suppositories • vitamin D3 • oxidative stress
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Introduction
Inflammatory bowel diseases (IBD) include diseases
with multiple etiology, which are characterized by chronic
inflammatory-destructive progressive damage of the
gastrointestinal tract by the systemic immunological factors
under the conditions of immune response dysregulation.
The incidence of autoimmune gastrointestinal disorders has
only been increasing for the last ten years. The annual rate
of increase in the number of IBD cases is 5-20 cases per
100,000 people, and the number is continuing to grow.(1,2,3)
Pathogenesis of IBD is insufficiently explored, while most of
the therapeutic agents used for IBD cases have undesirable
side effects, which restrict their administration. In IBD
pathogenesis, the following factors damage the colonic wall:
Th2-dependent reactions involving IgM and IgG, as well as
Th-1 dependent reactions with increased production of IL8, TNF-α, and other cytokines; the activation of chemotaxis;
absorption and killing activity of neutrophils, monocytes/
macrophages; and the production of ROS and nitrogen.
Hyperproduction of ROS in combination with a
decreased activity of the antioxidant system leads to the
progression of oxidative stress (OS) and accumulation of
irreversible products of protein oxidative modification (POM)
– i.e. carbonyl derivatives and lipid peroxidation products
(LPP).(4) The mentioned changes on the morphological level
lead to damaging of distal colonic regions, to the destruction of
intestinal glands, to goblet cell hyperplasia, mucous ulceration
and fibrosis, which clinically manifest as tenesmus, changes of
stool consistency, an admixture of blood in fecal matter, body
mass deficiency and other symptoms, including intestinal
and extraintestinal complications.(5-7) The essential IBD
therapy includes topical and systemic inflammatory inhibitors
(5-aminosalicylate, corticosteroids), immunosuppressive
agents(azathioprine, 6-mercaptopurine, etc.), and biologic
therapy medications(infliximab, adalimumab, golimumab,
etc), all of which have a wide variety of undesirable side
effects on the gastrointestinal tract, the hemic system, and
the reproductive system. These treatments do not guarantee
achieving long-term remission. About 30% of IBD patients
develop resistance to therapy and medication intolerance in
cases of long-term use. Therefore, elaboration of new IBD
treatment approaches is urgent.(8,9) In this aspect, vitamin
D3 is of certain interest because of its pleiotropic qualities
(antioxidative, anti-inflammatory, immunomodulatory, and
other).(10-12) Administration of vitamin D3 in cases of multiple
sclerosis and psoriasis limits the severity of inflammatory
process and clinical signs due to increased IL-10 production
and Treg count in blood, and a shift in Th1/Th2 balance to the
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side of Th2-dependent immune response.(13,14) In the presence
of rheumatoid arthritis, vitamin D3 represses the activity of
Th17 and the production of IL-17.(15) The stated facts serve
as a ground for clinical usage of vitamin D3 in IBD cases.
(16)
As of now, in the CIS countries, there are no dosage
forms for using vitamin D3 locally per rectum aimed at the
impact on the area of inflammation and the damaged colonic
section in cases of IBD. We have developed original rectal
D3 suppositories based on a 10% D3 aqueous solution.(17)
Formerly we proved that vitamin D3 as a constituent of original
rectal suppositories in cases of experimental colitis (EC) has
a systemic immunotropic effect, decreases blood neutrophil
count, restores absorption and NBT-reducing activity of
neutrophils, decreases LC, including CD3+ and CD45RA+,
and decreases the concentration of IgM, IgG, IL-6, and IL-8.(18)
We assume that the systemic immunotropic effect of vitamin
D3 formulated into original rectal suppositories in EC cases
is associated with its local protective action in the colonic
lesion. The aim of this research was to study the influence of
vitamin D3 formulated into original rectal suppositories on the
parameters of clinical score, morphology, and oxidative lipid
and protein destruction in the colonic lesion in EC cases.

Materials and Methods
The experiment was performed on Wistar male rats
weighing 210-230g. All stages of the experiment were
carried out in accordance with the requirements of Directive
2010/63/EU of the European Parliament and of the Council
of 22 September 2010 on the protection of animals used for
scientific purposes.(19)
Ninety-eight rats were randomly divided into three
experimental groups: Group 1 included 14 intact animals
(control group); Group 2 included 42 animals with EC; Group
3 included 42 animals with EC treated by vitamin D3 rectal
suppositories every 12 hours for 6 days until withdrawn from
the experiment.
EC condition was induced by two-phase administration
of oxazolone (“Sigma-aldrich”, USA). In the first phase,
sensibilization was performed by a dermal application between
the shoulders of 150 µl of 3% alcohol solution of oxazolone. In
the second phase, 150 µl of 3% alcohol solution of oxazolone
was inserted to the depth of 7-8 cm per rectum (Fig.1).(20) For
anesthetic purposes, “Zoletil-100” (“Virbac Sante Animal”,
France) was administered in a dose of 20 mg/kg. EC diagnosis
was verified by estimating the clinical pattern and morphology
of the damaged area of the colon.

Fig. 1. EC modeling.
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Vitamin D3 suppositories were based on a 10% aqueous
solution of vitamin D3, with a compound of polyethylene
glycols with different molecular weights, emulsifier T-2,
cremophor RH-40 and kolliphor as excipients. The size and
the shape of suppositories answered the specifics of the distal
section of rats’ colon. The final mass of each suppository was
300 mg; the content of vitamin D3 in each suppository was
1500 МЕ (Fig,2).(17,21)

Fig. 2. Manufacturing technology of vitamin D3 rectal
suppositories.

The study was run on Days 2, 4 and 6 after EC induction.
To estimate clinical score, we used the Disease Activity
Index (DAI) scale, which was adapted for rats. It included
the following parameters: body mass, stool consistency, and
blood admixtures in the excrement.(22) The parameters were
calculated daily on a 5-point scale from 0 to 4, with maximum
possible DAI – 12.
Segmented intestine distal fragments were fixed in 10%
neutral formalin solution; serial sections were stained with
H&E. In ten randomly selected fields of vision on a micrograph
“Leiсa DMRXA” (Germany) (×400 magnification), we
quantified NC, LC, EC, HC, PC, FC per 1mm2. At ×100
magnification, we quantified the diameter of the ulcerous
defect. Morphometry was run using the software program
“ImageScope M” (Russia)
Damage of the colonic tissue was estimated on scale
from 0 to 6 with the definition of the relative area of lesion,
colonic wall thickness, angiogenesis, goblet cell loss, severity
of leucocyte infiltration and Tissue Damage Index (TDI).(23)
Myeloperoxidase (MPO) expression and TNF-α
expression in the colon mucosa were estimated by an
immunohistochemical test with an antibody kit that was
specified for rats (“Cloud. Clon. Corp.”, China), and superadhesive slides with a positively charged surface (Super Frost
Plus). The reactions were run in immunohistostainer “Bench
Mark XT” (Ventana, USA) with complete adherence to the

research protocol. Imaging was carried out in the “Ultra
VIEW Universal DAB” system (Ventana, USA) with secondantibody and chromogen complex.
For preparing the 10% colon mucosa homogenate, a
proximal part of the segmented intestine was taken from the
peritoneal cavity and put into cooled 0.1М phosphate-buffered
saline (pH=7.4). After that, approximately 100mg of tissue
were homogenized in a glass mechanical homogenizer in a
ratio of 1:10 for 3 minutes at a temperature less than 4°C with
subsequent generation of 1ml of homogenate.
The LPP level in colon mucosa homogenate was
determined by the extraction-and-spectrophotometric method
in spectrophotometer “SF-56” (“LOMO-Specter”, Russia)
according to I.A. Volchegorsky et al.(24,25) The optical density
of heptane and isopropanol extracts was measured at 220 nm
(isolated double bonds count), 232 nm (diene conjugate count
– DC), 278 nm (ketodiene and conjugated triene count – KD
and CT), and 400 nm (Schiff’s base – SB). Relative LPP count
was evaluated in units of oxidation index (u.o.i.): E232/E220 (DC),
Е278/Е220 (KD and CT), and Е400/Е220 (SB).
POM count in colon mucosa homogenate was defined
according to reaction of carbonyl protein compounds with 2,4–
dinitrophenylhydrazine in spontaneous and metal-enhanced
modes by Fenton’s reaction with further spectrometric
monitoring of aldehyde-dinitrophenylhydrazine (ADNPH)
(early-stage markers of OS) and ketone-dinitrophenylhydrazine
(KDNPH) (late-stage markers of OS).(26,27) The results were
expressed in optical density units per mg of protein (au/mg).
Statistical analysis was performed using statistical
software package SPSS version 23.0 (SPSS Inc, Armonk, NY:
IBM Corp). For descriptive analysis, results are presented as
median (Me), first quartile (Q1) and third quartile (Q3). A
non-parametric Kruskal-Wallis test was used for comparisons
of median values among three groups (P<0.05), followed
by post-hoc testing using un-paired Mann-Whitney U tests.
Spearman’s rank correlation coefficient (R) was calculated to
measure the strength and direction of the relationship between
two variables. A probability value of P<0.01 was considered
statistically significant.

Results and Discussion
Group 2
In cases of EC, on Day 2 of observation, there were
the following symptoms: body mass deficiency, frequent
defecation, loose stool consistency, and admixture of blood,
which could be defined both by the benzidine test and visually.

Table 1.
DAI in the study groups (Ме (Q1; Q3))
Group 1
(n=7)
DAI,
c.u.

0

Group 2
Day 2
(n=7)

Group 2
Day 4
(n=7)

Group 2
Day 6
(n=7)

Group 3
Day 2
(n=7)

7.00
8.00
11.00
5.00
(3.00;7.00)* (6.00;10.00)* (11.00;11.00)* (5.00;5.00)*

* - P<0.01 with Group 1; # - with Group 2.

Group 3
Day 4
(n=7)

Group 3
Day 6
(n=7)

4.00
4.00
(4.00;5.00)*# (4.00;4.00)*#
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A

B

Fig. 3. Morphological changes in the damaged area of the colon
on Day 2 of EC. H&E staining; ×200 magnification. A – Group
2: neutrophil and lymphocyte infiltration of interstitial tissue
(arrow), thickening of deep mucosa (double arrow), infiltration
of sub-mucous membrane (dotted arrow). B – Group 3: reduced
crypts.

A

B

Fig. 4. Morphological changes in the damaged area of the colon
on Day 4 of EC. H&E staining; ×400 magnification. А – Group 2:
neutrophil and lymphocyte stromal infiltration with multitude of
eosinophil cells. B – Group 3: proliferating fibroblasts.

A

B

Fig. 5. Morphological changes in the damaged area of the colon
on Day 6 of EC. H&E staining; ×400 magnification. A – Group 2:
neutrophil infiltration of connective tissue interlayers. B – Group
3: fibroblast proliferation and fibrillogenesis.

On Days 4 and 6, the clinical manifestations became
more severe. DAI index was scaling up massively on Day
2, on Day 4, and on Day 6 of the experiment. DAI value on
Day 6 was higher (P<0.01) than its value on Days 4 and 2
(Table 1).
On Day 2, after EC induction, histological examination
of the colonic wall in the place of the lesion showed ulcers
with bases situated in deep mucosa (lamina propria) and the
surface layers of the submucous membrane. In the same place,
we registered cellular infiltration accompanied by interstitial
tissue edema, venous and capillary plethora, and crypt
epithelium in a state of albuminous degeneration (Fig.3).
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On Day 4, ulcerative defects, swelling of the interstitial
tissue, plethora with leukostasis and leukodiapedesis, plasma
impregnation and swelling of the vascular walls, and stromal
infiltration persisted (Fig.4). In the depths of ulcerative
defects, we observed the proliferation of preserved cambial
cells of the intestinal glands. On Day 6, we noticed ulcerous
defects with cell debris, edema and maceration of interstitial
tissue and vascular plethora (Fig.5). Between the areas of
infiltration, there was a distinct proliferation of juvenile
fusiform fibroblasts and the initial phase of neoangiogenesis.
The edges of the ulcerous defects had distinct signs of
epithelialization.
Morphometric evaluation of the cellular composition
of the infiltrate in colonic lesions demonstrated a significant
increase in NC, LC, PC, FC, in the area of the ulcerous
defect, and in the TDI on Days 2, 4, and 6 after EC induction
(Table 2). EC progression shows that NC on Day 4 was less
(P<0.01) than on Day 2, and on Day 6 less (P<0.01) than
on Day 2. LC on Day 6 was higher (P<0.01) than on Day 2
and Day 4. EC, HC, and PC were higher (P<0.01) on Days
4 and 6 than on Day 2. FC on Day 4 was higher (P<0.01)
than on Day 2, while FC on Day 6 was higher (P<0.01) than
on Days 2 and 4 of the experiment. The area of the ulcerous
defect on Days 4 and 6 was bigger (P<0.01) than on Day 2.
The peak extent of NC in the lesion was recorded on Day 2,
for EC, HC, PC, and FC – on Days 2 and 4, LY – on Day 6
after ES onset.
Expression of MPO and TNF-α increased massively on
Days 2, 4, and 6 of EC (Table 3). MPO expression on Day 6
was lower (P<0.01) than on Day 2; TNF-α expression on Day
6 was lower (P<0.01) than on Days 2 and 4.
While estimating LPP count in colonic mucosa lesion
homogenate on Day 2, we observed a significant increase in
primary, secondary and end LPP count in the heptane phase of
the lipid extract. The same applies to the secondary and end
LPP count in the isopropanol phase of the lipid extract (Table
4). On Days 4 and 6 of EC, we recorded a significant increase
in the primary, secondary and end LPP count in both heptane
and isopropanol phases of the lipid extract of colonic mucosa
lesion homogenate. With EC progression, in the heptane phase
of the lipid extract, the primary LPP count was less (P<0.01)
on Day 6 than on Days 4 and 2; the secondary LPP count
on Day 4 was higher (P<0.01) than on Days 2 and 6. In the
isopropanol phase, the primary LPP count was higher (P<0.01)
on Day 4 than on Days 2 and 6; the secondary LPP count was
less (P<0.01) on Day 4 than on Day 2, and the secondary LPP
count on Day 6 was less (P<0.01) than on Days 4 and 2. In the
isopropanol phase, the end LPP count on Day 4 was higher
(P<0.01) than on Days 2 and 6.
POM count in the spontaneous mode showed an
increase in the total count of protein carbonyl derivatives
ADNPH and KDNPH in colonic mucosa lesion homogenate
on Days 2, 4, and 6 of EC (Table 5). The total POM count
on Day 4 was less (P<0.01) than on Days 2 and 6. The count
of ADNPH was less (P<0.01) on Day 4 than on Days 2 and
6. The count of KDNPH was less (P<0.01) on Days 4 and 6
than on Day 2. In the metal-induced mode, we observed the
increased total POM count on Days 4 and 6, while the counts
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of ADNPH and KDNPH massively increased on Days 2, 4,
and 6. With EC progression, total POM count and ADNPH
count was higher (P<0.01) on Day 6 than on Days 4 and 2.
KDNPH count was higher (P<0.01) on Day 4 than on Day
2, and on Day 6 than on Day 2 (P<0.01) of EC.

Group 3
Under the local application of vitamin D3 in cases of
EC, we observed improvement of the rats’ clinical condition.
There was no decrease in weight; the fecal matter was firmer,
an admixture of blood was defined only by a benzidine test.

Table 2.

Parameters

Morphometric parameters in the damaged area of the colon in the study groups (Ме (Q1; Q3))
Group 1
(n=7)

Group 2
Day 2 (n=7)

Group 2
Day 4 (n=7)

Group 2
Day 6 (n=7)

Group 3
Day 2 (n=7)

Group 3
Day 4 (n=7)

Group 3
Day 6 (n=7)

2651.41
1518.48
1333.33
NC,
204.56
(1121.49;2100.00) (1213.34;1608.04
u/mm2 (189.71;223.57) (2558.85;2813.85)
*
*
*

873.78
(666.67;925.92)
*#

550.45
654.21
(370.37;1006.03) (582.53; 804.83)
*#
*#

1104.480
1004.5500
1667.0230
LY,
338.99
(880.09;1238.11) (1302.62;2038.84)
u/mm2 (305.14;368.35) (947.67;1333.34)
*
*
*

680.070
(511.78;849.32)
*#

710.6700
(495.06;733.95)
*#

852.3400
2671.29
2380.1100
EC,
146.9100
(2352.95;3553.31) (2110.11;2613.05)
u/mm2 (120.83;176.18) (839.46;857.45)
*
*
*

467.29
(304.57;611.13)
*#

852.8900
805.1200
(635.86;1094.25) (685.42;867.49)
*#
*#

642.1900
(582.61;891.11)
*#

HC,
u/mm2

13.4700
(13.42;13.65)

571.9400
1197.1100
1006.0300
(198.02;750.26) (1049.31;1614.91) (970.87;1009.17)
*
*
*

913.3100
1395.3600
1617.7900
(759.37;1102.82) (1313.13;1600.00) (1512.09;1809.04)
*#
*
*#

PC,
u/mm2

13.4200
(12.87;13.56)

673.1300
(549.12;704.52)
*

804.0200
(713.06;910.01)
*

480.8100
(370.37;560.74)
*#

FC.
u/mm2

22.6600
(13.56;26.82)

512.7700
(281.37;711.65)
*

1146.7700
1685.2700
1821.0200
2353.9400
2467.8900
(866.81;1358.22) (1523.84;2057.07) (1817.34;1845.66) (2311.23;2401.00) (2413.88;3047.61)
*
*
*#
*#
*#

UD,
µm

0

575.00 (305.00;
780.60)
*

735.00
(635.52;976.50)
*

753.00
(372.00;882.50)
*

294.0000
(197.00;357.00)
*#

242.00
(151.00;539.00)
*#

238.5000
(169.00;299.00)
*#

TDI,
c.u.

0

3.71
(3.00;4.00)
*

3.5700
(3.00;4.00)
*

3.4200
(3.00;4.00)
*

3.00
(3.00;4.00)
*

2.1700
(1.00;3.00)
*#

2.12
(1.00;3.00)
*#

810.1300
(804.82;1210.12)
*

401.0600
(372.67;411.77)
*#

373.8300
(297.03;545.56)
*#

* – P<0.01 with Group 1, # - with Group 2; UD - ulcerous defect

Table 3.
MPO count and TNF-α count in the damaged area in the colon in study groups (Ме (Q1; Q3))
Parameters Group 1 (n=7)

Group 2
Day 2 (n=7)

Group 2
Day 4 (n=7)

Group 2
Day 6 (n=7)

Group 3
Day 2 (n=7)

Group 3
Day 4 (n=7)

Group 3
Day 6 (n=7)

MPO,
u/mm2

19.16
(0.00;19.16)

1241.37
938.69
775.86
1053.64
498.08
(967.04;1486.59) (770.15;1109.19) (766.28;814.17) (977.01;1091.95) (478.92;593.86)
*
*
*
*
*#

287.35
(268.19;287.35)
*#

TNF-α,
u/mm2

1321.83
1302.68
752.87
766.28
727.96
57.47
(1264.36;1321.83) (703.06;814.17) (670.49;957.85) (727.97;766.28)
(38.31;76.63) (919.54;1475.09)
*
*
*
*
*#

210.72
(172.41;229.88)
*#

* – P<0.01 with Group 1, # - with Group 2
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Consequently, there was a massive decrease in DAI on Days
4 and 6 of the experiment (Table 1). Thus, DAI on Days 4
and 6 was significantly lower than in Group 2, which indicates
partial restoration of the parameter.
In Group 3, histologic examination of the EC colonic
wall in the place of the defect on Day 2 of the experiment
showed ulcers in lamina propria and in the surface layers
of the submucous membrane with venous and capillary
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plethora. Colonic mucosa was mildly edematic, the crypts
were shortened and widened, and their epithelium was in a
state of granular dystrophy (Fig.3).
On Day 4 of the experiment, we observed fullyepithelized areas of mucous lesion restoration with the initial
formation of intestinal glands and crypts, focal granulocyte
infiltration, and proliferation of juvenile fibroblasts (Fig.4). On
Day 6 of the experiment, we recorded complete epithelization

Table 4.
LPP count in colonic mucosa lesion homogenate in the study groups (Ме (Q1; Q3))
Group 1 (n=7)

Group 2
Day 2 (n=7)

Group 2
Day 4 (n=7)

Group 2
Day 6 (n=7)

Group 3
Day 2 (n=7)

Group 3
Day 4 (n=7)

Group 3
Day 6 (n=7)

DC (h)
u.o.i.

0.63
(0.55;0.65)

0.79
(0.75;0.81)*

0.78
(0.77;0.78)*

0.76
(0.75;0.77)*

0.77
(0.71;0.78)*

0.68
(0.63;0.68)#

0.70
(0.65;0.73)* #

KDCT (h)
u.o.i.

0.06
(0.05;0.06)

0.08
(0.07;0.08)*

0.22
(0.21;0.22)*

0.09
(0.09;0.11)*

0.06
(0.06;0.09)

0.19
(0.18;0.19)* #

0.06
(0.05;0.07)#

SB (h)
u.o.i.

0.01
(0.01;0.02)

0.03
(0.02;0.04)*

0.02
(0.02;0.05)*

0.05
(0.04;0.06)*

0.03
(0.02;0.04)*

0.01
(0.01;0.01)#

0.02
(0.01;0.03)#

DC (i)
u.o.i.

0.34
(0.32;0.36)

0.38
(0.33;0.43)

0.55
(0.52;0.56)*

0.43
(0.43;0.45)*

0.38
(0.33;0.43)

0.51
(0.51;0.51)* #

0.41
(0.39;0.42)* #

KDCT (i)
u.o.i.

0.31
(0.29;0.32)

0.72
(0.56;0.91)*

0.51
(0.51;0.57)*

0.48
(0.47;0.49)*

0.72
(0.56;0.91)*

0.42
(0.41;0.43)* #

0.42
(0.41;0.42)* #

SB (i)
u.o.i.

0.01
(0.01;0.02)

0.07
(0.07;0.09)*

0.24
(0.21;0.31)*

0.11
(0.11;0.14)*

0.07
(0.07;0.09)*

0.01
(0.01;0.01)#

0.06
(0.05;0.08)* #

Parameters

* –P<0.01 with Group 1, # - with Group 2. The parameters demonstrate LPP count in heptane (h) and isopropanol (i) phases of lipid extract.
Table 5.
POM product counts in colonic mucosa lesion homogenate in the study groups (Ме (Q1; Q3))
Group 2
Day 67 (n=7)

Group 3
Day 2 (n=7)

Group 3
Day 4 (n=7)

Group 3
Day 6 (n=7)

325.31
214.59
141.57
(251.18;348.01)
(169.57;245.21)
(141.28;144.18)
*
*

286.83
(165.86;297.74)
*

166.74
(151.86;173.73)
*#

181.91
(168.31;182.07)
*

241.73
(238.92;261.63)
*

S ADNPH,
294.78
193.81
131.25
au/mg
(224.58;308.54)
(165.47;222.84)
(127.61;152.01)
(spont)
*
*

268.31
(154.66;273.24)
*

156.25
(132.91;163.51)
#

166.57
(157.22;166.98)
*

222.91
(219.25;242.86)
*

18.52
(14.21;24.49)
*

10.23
(8.94;10.49)
#

14.07
(12.04;14.12)
#

18.76
(18.76;18.83)
*

266.20
416.51
321.71
(266.19;317.14) (284.89;377.77)
(325.26;472.92)
*

570.79
(526.85;638.48)
*

266.02
(237.19;310.61)

328.36
(319.81;600.42)
*

470.94
(328.39;470.94)
*#

S ADNPH,
266.69
338.86
228.91
au/mg
(264.71;314.21) (258.04;384.07)
(228.81;237.95)
(ind)
*
*

459.72
(422.91;521.53)
*

217.64
(202.71;260.77)
#

265.29
(253.29;492.93)
*

403.12
(238.28;411.66)
*#

S KDNPH,
au/mg
(ind)

108.05
(103.93;111.07)
*

40.83
(39.84;48.37)
*#

63.07
(48.51;107.49)
*

59.27
(50.11;59.27)
*#

Parameters
SPOM,,
au/mg
(spont)

S KDNPH,
au/mg
(spont)
SPOM,
au/mg
(ind)

Group 1
(n=7)

12.16
(10.03;13.97)

37.31
(37.08;39.18)

Group 2
Day 2 (n=7)

30.53
(26.59;38.01)
*

54.36
(52.81;55.01)
*

Group 2
Day 4 (n=7)

20.78
(14.39;22.35)
*

77.65
(59.35;79.95)
*

* – P<0.01 with Group 1, # - with Group 2. POM product counts in spontaneous (spont) and induced (ind) modes.
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of the ulcerous defects, focal infiltration, and vast fields of
proliferating fibroblasts, newly-formed fibers of connective
tissue, and vessels in abundance (Fig.5).
Morphometric study of the cellular composition of the
infiltrate in the colonic EC lesion against the background of
the vitamin D3 therapy demonstrated that on Day 2, there was
a significant decrease in NC, LC, EC, and PC, and an increase
in HC and FC. On Day 4, there was a significant decrease in
NC, LC, EC and PC, and an increase in FC.
On Day 6, we observed a significant decrease in NC,
LC, EC, and PC, and an increase in HC and FC. On Days 2,
4, and 6 of the experiment, we found a decrease in the size of
the ulcerous defect, and on Days 4 and 6 a decrease in TDI
(Table 2). EC and HC were higher (P<0.01) on Day 4 than
on Day 2, and on Day 6 higher (P<0.01) than on Day 2. FC
was higher (P<0.01) on Day 4 than on Day 2, and on Day 6
than on Days 4 and 2. TDI was less on Days 4 and 6 (P<0.01)
than on Day 2. During all periods of the study, morphometric
parameters never reached the parameter values of the intact
animals’ group; the recovery was only partial.
The use of vitamin D3 in the EC therapy was associated
with a decrease in the expression of MPO and TNF-α in the
area of the ulcerous defect on Days 4 and 6 (Table 3). The
MPO expression on Day 4 was lower (P<0.01) than on Day
2, and on Day 6 lower (P<0.01) than on Days 4 and 2. The
TNF expression was lower (P<0.01) on Day 6 than on Days
4 and 2.
In the colonic mucosa lesion homogenate (in the heptane
and isopropanol phases of the lipid extract), on Days 4 and 6 of
EC with vitamin D3 therapy, there was a significant decrease
in the counts of primary, secondary and end LPP (Table 4). In
the heptane phase of the lipid extract, the primary LPP count
on Days 4 and 6 was less(P<0.01) than on Day 2. The count
of the secondary LPP on Day 4 was higher than on Days 2 and
6. The count of the end LPP was less (P<0.01) on Day 4 than
on Days 2 and 6. In the isopropanol phase of the lipid extract,
the primary LPP count was higher (P<0.01) on Day 4 than on
Days 2 and 6. The secondary LPP count was less (P<0.01) on
Days 4 and 6 than on Day 2. The count of the end LPP was less
(P<0.01) on Day 4 than on Days 2 and 6.
The use of the vitamin D3 rectal suppository led to a
significant decrease in the total count of protein carbonyl
derivatives (along with decreased counts of ADNPH and
KDNPH) on Day 2. On Day 4, we observed a further decrease
in the KDNPH count (Table 5). The total count of POM
products and ADNPH count were higher (P<0.01) on Day 6
than on Days 4 and 2. The KDNPH count was higher (P<0.01)
on Day 4 than on Day 2, and on Day 6 than on Days 4 and
2. In metal-induced mode, on Day 2, we recorded a decrease
in the counts of ADNPH and KDNPH. On Day 6, there was
a decrease (P<0.01) in total POM count, ADNPH count
and KDNPH count. According to EC progression, in metalinduced mode, the total POM count and ADNPH count were
higher (P<0.01) on Days 4 and 6 than on Day 2. The KDNPH
count was higher (P<0.01) on Days 4 and 6 than on Day 2 of
the experiment.
Thus, in cases of EC, there are specific clinical
manifestations (loss of weight, loose stool with blood

admixture) and morphological patterns, which is typical for
IBDs. It makes it possible to apply the suggested model for
further research of IBD pathogenesis and IBD experimental
therapy.
There is an assumption that oxazolone is similar to
haptene in its qualities. Haptene directs the immune response
mostly through Th2-dependent way, which is accompanied by
increased immunoglobulin (IgG, IgM) secretion and cytokine
(IL-6, IL-8, TNF-α, etc.) secretion in blood. It results in
leukocyte accumulation in the area of inflammation, damage
of the colonic wall, and extension of the secondary alteration
area.(28,29) The source of ROS that initiates lipid destruction,
protein destruction, and accumulation of LPP and POM in the
colonic wall is mostly neutrophils, monocytes/macrophages.
Infiltration by the latter is a typical morphological sign of
colitis.(30) IL-1, IL-6, TNF-α, and other anti-inflammatory
cytokines intensify myelopoiesis and release of mature
neutrophils and monocytes from the bone marrow and their
migration to the inflammation site.(31) Endotheliocytes can
also take part in ROS production due to eNOS activation, NO
synthesis, and peroxynitrite synthesis.
In cases of EC with the use of original vitamin D3
rectal suppositories, a decrease in clinical manifestations and
morphological signs of damage in the colonic wall can take
place due to the vitamin D3 pleiotropic effect.
The correlation analysis showed the average and high
strength of the relationship between the severity of clinical
manifestations according to DAI and the following parameters:
TDI, size of the ulcerous defect, HC, MPO count and TNF-α
count in the damaged area (on Days 2, 4, and 6 of EC), PC (on
Days 4 and 6 of EC), LC (on Day 6 of EC), and FC (on Day 6
of EC), as well as the primary, secondary and end LPP counts
in heptane and isopropanol phases (peak on Days 2 and 4 of
EC), and the counts of ADNPH and KDNPH in spontaneous
and induced modes (peak on Days 2 and 4 of EC) (Table 6).
We believe that the obtained results are connected to
several mechanisms of the vitamin D3 effect in cases of EC.
First, the immunotropic effect of vitamin D3 is realized by
the active influence of vitamin D3 metabolite calcitriol on
T-lymphocyte proliferation and differentiation. It decreases
Th1, Th17 count and increases Treg due to decreased synthesis
of IL-1, IL-2, IL-6, IL-12, IL-17, IFN-γ, TNF-α, and increased
synthesis of IL-10. Vitamin D3 inhibits macrophage migration
and macrophage production of IL-1, IL-6, IL-12, as well as
chemotaxis and neutrophil accumulation.(30) On the surface
of dendritic cells, vitamin D3 inhibits the expression of TLR,
CD40, CD80, CD83, and CD86, decreases secretion of IL-2
and IFN-γ by dendritic cells, and increases IL-10 synthesis.(32)
It restricts the activity of the inflammation process in the colon
and colonic tissue alteration.(33)
Second, vitamin D3 antioxidant effect is achieved
directly through activation of transcriptional factor – nuclear
factor erythroid 2-related factor 2, which is responsible
for the regulation of antioxidant ferment expression,
antioxidant ferment synthesis induction, and antioxidant
enterocyte protection in conditions of OS.(21,28,33,34) Vitamin
D3 indirect antioxidant effect is connected with a decrease
in the infiltration of the damaged area by ROS-producer cells
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(neutrophils and monocytes/macrophages) in conditions of
restoring cooperation of immune-competent cell.
Table 6.
Correlation between DAI and other parameters in Group 3
Group 3
Day 2

Group 3
Day 4

Group 3
Day 6

LC, u/mm2

R=0.34

R=0.22

R=0.55*

NC, u/mm2

R=0.20

R=0.24

R=0.18

EC, u/mm2

R=0.24

R=0.15

R=0.15

HC, u/mm2

R= - 0.58*

R= - 0.52*

R= - 0.56*

PC, u/mm2

R= 0.41

R= 0.58*

R= 0.78*

FC, u/mm2

R= - 0.38

R= - 0.35

R= - 0.55*

Ulcerous defect,
µm

R=0.54*

R=0.58*

R=0.69*

TDI, c.u.

R=0.79*

R=0.78*

R=0.78*

MPO, u/mm2

R=0.62*

R=0.67*

R=0.53*

TNF-α, u/mm2

R=0.60*

R=0.59*

R=0.57*

DC (h), u.o.i.

R=0.72*

R=0.58*

R=0.72*

KDCT (h), u.o.i.

R=0.71*

R=0.82*

R=0.66*

SB (h), u.o.i.

R=0.52

R=0.17

R=0.88*

DC (i), u.o.i.

R=0.73*

R=0.75*

R=0.92*

KDCT (i), u.o.i.

R=0.81*

R=0.76*

R=0.88*

SB (i), u.o.i.

R=0.81*

R=0.31

R=0.72*

SPOM,
au/mg (spont)

R=0.71*

R=0.77*

R=0.89*

S ADNPH,
au/mg (spont)

R=0.76*

R=0.68*

R=0.38

S KDNPH,
au/mg (spont)

R=0.75*

R=0.86*

R=0.50

SPOM,
au/mg (ind)

R=0.86*

R=0.85*

R=0.81*

S ADNPH,
au/mg (ind)

R=0.74*

R=0.81*

R=0.45

S KDNPH, AU/
mg (ind)

R=0.73*

R=0.75*

R=0.37

Parameters

* – P<0.01

Third, vitamin D3 activates reparation processes in the
damaged area of the colon in cases of EC. In coordination
with specific nuclear receptors of colonic epithelial cells,
vitamin D3 intensifies the expression of vinculin, zonulin,
occludin and claudin – proteins that take part in the formation
of epithelial cells.(16,34,35) Increases in histocyte and fibroblast
count in the damaged area indicate active reparation processes
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in the colonic wall. Furthermore, inhibition of vascularexudative and leucocyte reactions due to anti-inflammation
and antioxidant effect activates the reparation process under
the conditions of using vitamin D3.

Conclusion
In cases of oxazolone-induced EC, on Days 2, 4, and 6,
we registered clinical and laboratory signs, an ulcerous defect
in the damaged area of the colon, all of which are typical for
IBD conditions. There was an increase in DAI (peak on Day
6) and TDI (peak on Day 2). We also found an increase in NC
(peak on Day 2), LC (peak on Day 6), EC (peak on Day 2), PC
(peak on Day 2), HC (peak on Day 2), and FC (peak on Day
2). There was an increase in MPO expression (peak on Day 2)
and TNF-α expression (peak on Days 2 and 4). We observed
increases in the primary, secondary, and end LPP counts and
the early-phase and late-phase POM counts in spontaneous
and induced modes. An administration of 1500ME vitamin D3
rectal suppositories every 12 hours for 6 days decreased the
severity of clinical manifestations and DAI. It reduced the area
of the ulcerous defect and decreased the TDI on Days 4 and
6 of the experiment. On the background of using vitamin D3
rectal suppositories, we found a decrease in NC, EC, LC, and
PC in the damaged area and an increase in HC and FC on Days
2, 4, and 6 from the start of the experiment. Administration of
D3 rectal suppositories decreased МРО expression and TNF-α
expression on Days 4 and 6 of EC. In the damaged area of the
colon, we observed a decrease in the counts of the primary,
secondary, and end LPP on Days 4 and 6 of the experiment. We
also documented a decrease in the POM count in spontaneous
mode on Day 2 and on Day 6 in induced mode. The severity
of EC clinical manifestations diminished, as did TDI, size of
the ulcerous defect, MPO and TNF-α in the damaged area, and
protein and lipid oxidative breakdown products.
We believe that the obtained results are essential for
carrying out further research aimed at elaboration of the
mechanism of the D3 effect in cases of IBD and at its possible
clinical use.
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Abstract
The article represents an experimental assessment of the effectiveness of the author’s method of processing polypropylene
mesh implants during their implantation in the tissue of the anterior abdominal wall (Patent of Ukraine No. 146133). It has been
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deteriorating the mechanical properties of mesh implants (MI). All the discovered effects make it possible to increase
biocompatibility and improve the survival rate of MI. The thickness of the inflammatory shaft around the elements of MI was
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Introduction
In the arsenal of surgeons, more than 300 types of mesh
implants (MI) are currently used. It remains unclear why
bioinert synthetic materials cause a pronounced inflammatory
tissue reaction known as a foreign body reaction.(1-3) One
of the main reasons for the development of periprosthetic
complications is that the process of MI adaptation in soft
tissues is violated as a result of poor biocompatibility and
impaired formation of the periprosthetic capsule.(4-6)
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Medical Academy named after S.I. Georgievsky of Vernadsky CFU,
Simferopol, Crimea. E-mail: hryva@mail.ru

Despite the fact that of the materials available in
herniology, polypropylene (PP) most fully meets the
requirements for anterior abdominal wall (AAW) prosthesis, it
has a significant drawback – the ability to cause a pronounced
inflammatory reaction from periprosthetic tissues with a
predominance of the exudative-infiltrative component.(2,3) In
this regard, there is a need to develop MI that cause a slight
inflammatory reaction, provided that satisfactory characteristics
of strength and production cost are maintained. Experimental
data have appeared on the use of PP ligatures after preliminary
treatment with a solution of serum albumin during implantation
into muscles and for the formation of vascular anastomoses.(7)
According to the researchers, this technique led to a significant
decrease in the severity of aseptic inflammation around the
ligatures, which made it possible to recommend it for clinical
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use.(8) This phenomenon has been termed “suture mimicry.”(7)
And since PP-MI are made from the same chemical as the PP
ligatures, it is advisable to study the local inflammatory response
to implantation of MI treated with ABP.
The purpose of this study was experimental substantiation
of the possibility and feasibility of using autogenous plasma
treatment with PP-MI to reduce the manifestations of a local
inflammatory reaction.

Materials and Methods
The study was carried out on 24 white nonlinear
male rats weighing 200–250g. The animals were kept in the
vivarium of the Department of Human Anatomy of the Medical
Academy named after V.I. SI Georgievsky in compliance with
the rules and international recommendations of the European
Convention for the Protection of Animals (1997). The
experiment was carried out in compliance with the norms of
humane treatment, in accordance with the current legislation
on working with laboratory animals, and was approved by the
local commission on bioethics.
All animals, under ether anesthesia, were implanted
with PP-MI in the AAW tissue. PP mesh “Alfa Vita 90”
(Ukraine) in strips up to 1cm² was used as MI. The material
was fixed in the AAW tissues with a nylon ligature from four
sides. Then the wound was sutured and the integrity of the
AAW was restored. The animals were divided into two groups.
The main group (MG, n=12) consisted of animals that were
implanted with PP-MI after treatment with ABP.(9) The latter
was prepared traditionally. The exposure time was 10 minutes.
The control group (CG, n=12) consisted of animals that were
implanted with MI without pretreatment.
The animals were withdrawn from the experiment on
Days 7, 14, 21, and 28 after implantation. After fixation in
10% neutral formaline, histological sections were prepared
from the preparations according to the standard technique.
Sections were stained with H&E, followed by histological and
histomorphometric examination.
The results were evaluated using the Master of
Morphology and SPSS computer programs.

Results
According to the data of the study, by Day 7 of the
experiment animals of the CG showed a pronounced
penetration of leukocytes along the circumference of the
PP particles of MI. At the same time, the ontogenesis of
granulation tissue along the peripheral areas was observed,
accompanied by sporadic lymphocytes and histiocytes
(Figure 1). When measuring the thickness of inflammatory
changes (IC) in the circumference of the PP-MI fragments,
this indicator was 41.607±0.279 μm (Table 1). In the MG in
the same period of the experiment, leukocyte infiltration was
expressed to a much lesser extent. Lymphocytes, leukocytes
and histiocytes were equally represented. The natural growth
of granulation tissue was formed (Figure 2). The thickness
of IC in the circumference of the PP-MI fragments was
27.497±0.169 μm.

Fig. 1. AAW of the CG animal by Day 7 of the
experiment. Staining with H&E. ×10
Table 1.
The thickness of inflammatory changes (IC) in the circumference
of the PP-MI fragments (μm)
Day of the
experiment

CG

MG

P-value

Day 7

41,607±0,279

27,497±0,169

0.000

Day 14

46,724±0,310

25,138±0,055

0.000

Day 21

40,012±0,283

23,351±0,102

0.000

Day 28

31,068±0,270

22,247±0,133

0.000

Fig. 2. AAW of the MG animal by Day 7 of the
experiment. Staining with H&E. ×10

By Day 14 of the experiment, the animals of the CG
were diagnosed with a decrease in the population of leukocytes
and an increase in the number of histiocytes and lymphocytes.
At the same time, sporadic siderophages were visualized, as
well as giant cells of phagocytosis (Figure 3). The thickness
of IC in the circumference of the PP-MI fragments was
46.724±0.310 μm. In the MG, in contrast to the CG, there
was no progress in leukocyte infiltration. At the same time,
giant cells of phagocytosis were not diagnosed near the PP-MI
(Figure 4). The thickness of IC in the circumference of the PPMI fragments was 25.138±0.055 μm.
By Day 21, in the CG, the inflammatory manifestations
were more pronounced than in the MG. Giant cells of
phagocytosis were detected near the PP-MI particles (Figure
5). The thickness of IC in the circumference of the PP-MI
fragments was 40.012±0.283 μm. In the MG, giant cells of
phagocytosis were also visualized. They frame the fibers of the
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PP-MI yarns. In comparison with the CG, the inflammation was
much less pronounced (Figure 6). The thickness of IC in the
circumference of the PP-MI fragments was 23.351±0.102 μm.

Fig. 3. AAW of the CG animal by Day 14 of the
experiment. Staining with H&E. ×10

of giant cells of phagocytosiswere diagnosed along the
circumference of the PP-MI components (Figure 8). In this
case, there was a natural growth of granulation tissue. The
thickness of IC in the circumference of the PP-MI fragments
was 22.247±0.133 μm.

Fig. 6. The fragment of AAW of the MG animal
with elements of PP-MI. Day 21 of the experiment.
Staining with H&E. ×10

Fig. 4. AAW of the MG animal by Day 14 of the
experiment. Staining with H&E. ×10
Fig. 7. The fragment of AAW of the CG animal
with elements of PP-MI. Day 28 of the experiment.
Staining with H&E. ×10

Fig. 5. The fragment of AAW of the CG animal
with elements of PP-MI. Day 21 of the experiment.
Staining with H&E. ×10

By Day 28, in the CG, intense inflammation continued
to be recorded near the PP-MI filaments. Both neutrophils
and lymphocytes with giant cells of phagocytosis, as well
as macrophages, were visualized, as well as a significant
number of siderophages (Figure 7). The thickness of IC in
the circumference of the PP-MI fragments was 31.068±0.270
μm. In the MG, inflammatory processes were weakened and
leukocytes were visualized, as were histiocytes, which, along
with lymphocytes, were evenly represented. A fair number

Fig. 8. The fragment of AAW of the MG animal
with elements of PP-MI. Day 28 of the experiment.
Staining with H&E. ×10

Discussion
Thus, the presented results of histological and
morphometric studies confirm the fact that implantation of PPMI causes a local aseptic inflammatory response. However,
its intensity differed significantly in different experimental
groups of animals at all periods of the experiment. The
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greatest local aseptic inflammatory response to the
implantation of PP-MI was observed in the CG, and this was
true for all periods of observation. To a much lesser extent,
the inflammatory reaction was observed in the animals of the
MG. Thus, the technological method of treating PP-MI with
an anti-inflammatory agent was experimentally substantiated;
the agent proposed was ABP. The results of the conducted
microscopic studies show the effectiveness of the proposed
technology to reduce the local inflammatory response during
the implantation of the MI-PP in the AAW tissue. The author’s
method for treating PP-MI with an anti-inflammatory agent
can find application in herniological practice, since it is easily
reproducible, and its implementation does not impose serious
material requirements. Nevertheless, legal aspects remain
cardinal barriers for the subsequent clinical use of the method
proposed in the experiment, namely, obtaining permits
(licenses) for their clinical trials.
In conclusion, treating PP-MI with ABP creates
favorable conditions for their full integration into the muscularaponeurotic layer of the AAW tissues. The thickness of the
inflammatory shaft around the elements of MI is significantly
decreased, on average, by 28.4% (P<0.05) when using ABP.
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Abstract
Background: Currently, despite the significant success of the pharmaceutical industry in producing drugs with antibacterial
activity, the treatment of soft tissue diseases accompanied by purulent-inflammatory processes within them remains one of the
topical problems of general surgery. Not only the widespread introduction of antibacterial agents in practical medicine, but also
the steady increase in the resistance of microorganisms to existing drugs leads to the need to search for new combinations aimed
at the local treatment of purulent wounds. The purpose of our work was to study the course of the wound process in a purulent
wound by using hexetidine and photoditazine in combination with ultrasound treatment.
Methods and Results: This experimental study was carried out on 144 male Wistar rats. The course of the wound process
was evaluated on a model of a purulent wound. The animals were divided into 4 equal groups (36 animals in each group),
depending on their treatment. Treatment was carried out using daily dressings for 15 days. The dynamics of changes in the area of
the wound were assessed by the planimetry method. The percentage of area reduction of the wound was calculated. A histological
examination of a skin area (1.0 cm×1.5 cm) taken in the zone of a simulated purulent wound was carried out on Days 5 and 10 of
the experiment. Our study confirmed the effectiveness of the use of hexetidine, photoditazine, and a combination of them, along
with ultrasound treatment, in the local treatment of a purulent wound. At the same time, the combined effect of an antiseptic and a
photosensitizer showed significantly better results in the first and second phases of the course of the wound process than did their
isolated use.(International Journal of Biomedicine. 2022;12(1):138-141.)
Key Words: purulent wound • hexetidine • photoditazine • ultrasound therapy • methylcellulose
For citation: Dragovoz IS, Zotov DS, Zatolokina MA, Grigoryan AYu, Mishina ES, Tsymbalyuk VV. Comparative Evaluation of
Isolated and Complex Use of Hexetidine and Photoditazine in Combination with Ultrasound Therapy in the Treatment of Purulent
Wounds under Experimental Conditions. International Journal of Biomedicine. 2022;12(1):138-141. doi:10.21103/Article12(1)_
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Abbreviations
UST, ultrasound treatment; MC, methylcellulose; H, hexetidine; PD, photoditazine; DMTHP, dioxomethyltetrahydropyrimidine;
CP, chloramphenicol.

Introduction
At present, the question of treating the purulentinflammatory process of soft tissues is one of the most urgent.
Despite the vast range of treatment options for this process,
purulent-inflammatory diseases occupy a leading position. They
account for 30%-45% of the conditions and complications in

surgical patients, both outpatient and inpatient.(1,2) This problem
is associated with the uncontrolled use of antibiotics and the
emergence of resistant microorganisms.(3,4) Therefore, at present,
interest has increased in antiseptics and photosensitizers, which
have proven themselves in the treatment of purulent wounds
while not causing resistance in microorganisms.(5) However,
despite the variety of different means of treatment, the number
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of patients with purulent-inflammatory diseases of soft tissues
is not decreasing.(6) In this regard, there is a need to use the latest
treatment methods, using physical factors of influence. One of
these methods is UST, which has not only a bactericidal and
bacteriostatic effect on microorganisms, but also enhances the
effect of antiseptics.(7,8) Thus, the search for and development of
the most optimal combination of a drug with ultrasound therapy
is an urgent and priority task in modern surgery.
The purpose of our work was to study the course of the
wound process in a purulent wound by using hexetidine and
photoditazine in combination with ultrasound treatment.

Materials and Methods
This experimental study was carried out on 144 male
Wistar rats. The course of the wound process was evaluated
on a model of a purulent wound.
In vivo experiments were carried out in compliance with
the norms of humane treatment, in accordance with the current
legislation on working with laboratory animals, and was
approved by the Ethics Committee of the Kursk State Medical
University (Protocol No. 7 dated November 30, 2018).
The purulent wound (at the withers, with an area
about 150 mm2) was modeled according to P. Tolstykh,(3) in
an operating room under isoflurane inhalation anesthesia.
Next, a gauze ball soaked in 1 ml of the billionth suspension
of Staphylococcus aureus was introduced into the wound
and sutured. After 24 hours, all animals developed a purulent
wound with all the characteristic signs (hyperemia and
swelling of the skin around the defect, purulent discharge
from the wound). Then the animals were divided into
4 equal groups (36 animals in each group), depending
on their treatment: Group 1 (MC[2.0g]+H[0.5g]+UST),
Group 2 (MC[2.0g]+PD[1.0g]+UST), Group 3 (MC[2.0
g]+H[0.5g]+PD[1.0g]+UST), and Group 4 (official drug
(DMTHP[0.04g]+CP[0.0075g]-ointment)+UST). Treatment
was carried out for 15 days. Dressings were performed
daily with the study combination. In Groups 2 and 3, daily
phototherapy was carried out using the Nevoton apparatus
(Nevoton LLC, Russia) (the wavelength of light radiation
was 650–670nm). UST was carried out daily, starting from
Day 4 after the experiment, using a dual-frequency device
(UZT - 1.3.01F - “Med TeKo”) in this study, a frequency
of 2.64±0.03 MHz was used, the oscillation intensity was
1.0W/cm2. The duration of each therapeutic exposure was 5
minutes. The dynamics of changes in the area of the wound
were assessed by the planimetry method. The percentage of
area reduction (PAR) of the wound was calculated according
to the formula:
PAR= (W1-Wx)/W1×100%, where W1 is the initial
wound area (mm2), Wx is the area on measurement day (mm2).
A histological examination of a skin area (1.0 cm×1.5
cm) taken in the zone of a simulated purulent wound was
carried out on Days 5 and 10 of the experiment. Light
microscopy of the preparations obtained was carried out using a
Levenhuk C320 microscope at ×200 and ×400 magnifications,
microphotography was performed with a Levenhuk C310 NG
digital camera.

Statistical analysis was performed using Microsoft
Excel 2010. For descriptive analysis, results are presented
as median (Me), first quartile (Q1) and third quartile (Q3). A
non-parametric Kruskal-Wallis test was used for comparisons
of median values among study groups, followed by post-hoc
testing using un-paired Mann-Whitney U tests. A probability
value of P<0.05 was considered statistically significant.

Results
The study showed that in all observation groups, there
was a decrease in the area of the wound surface throughout the
entire period of treatment. In Groups 2 and 3, with the use of
the photosensitizer the wound was completely healed by day
15. The dynamics of these changes is presented in Table 1.
Table 1.
Dynamics of changes in the area of wounds (PAR, %) (Ме (Q1; Q3))
Group

Group 1

Group 2

Group 3

Group 4

Day 3
(n=30)

12.2
13.1
35.9
(8.6; 15.2)* (11.9; 14.7)* (27.2; 41.6)*^#

Day 5
(n=24)

25.3
22.8
57.6
15.7
(23; 28.1)* (21.8; 25.2)* (54.9; 63.2)*^# (12.8; 17.1)

Day 8
(n=18)

66
48.4
82.7
41.7
(63.7; 66.9)* (45; 52.8) (80.5; 83.9)*^# (38.8; 43.2)

Day 10
(n=12)

80.2
91.2
97.3
60.5
(77.0; 83)* (90.4; 91.9)* (96.8; 97.3)*^ (58.7; 64.5)

Day 15
(n=6)

93.7
(93.4; 95.1)*

-

-

8.7
(6.1; 10.6)

81.3
(81.2; 82.1)

n - Number of animals at the time of the measurement; *– P<0.05
between Group 4 and Groups 1-3; ^– P<0.05 between Group 1 and
Groups 2 and 3; # – P<0.05 between Group 2 and Group 3.

The microscopic examination showed that in Group 1,
on Day 5 of the experiment (Fig.1A), the outside of the wound
defect was covered with a wide scab, the material substrate
of which was necrotic masses and fibrin deposits. The tissues
surrounding the wound defect showed signs of interstitial
edema. Round cell infiltration was visualized far beyond
the boundaries of the wound defect. The field of view was
dominated by neutrophils and macrophages, which, in turn,
are the main structural elements of the leukocyte shaft that
delimits the granulation tissue; in the thickness of that shaft,
cells of the leukocyte-lymphocytic series were visualized.
On Day 10 (Fig.1B), the wound area was completely
covered with stratified squamous keratinized epithelium of
heterogeneous thickness throughout the wound defect. The
newly formed connective tissue was not mature enough; the
border with the intact dermis was well defined. In the field of
view, the cellular component predominated over the fibrous
component.
In Group 2, on Day 5 of the experiment (Fig.1C),
deposits of necrotic and fibrinoid masses were visualized in
the area of the wound defect, under which an extensive zone
of hemorrhagic impregnation of tissues was determined,
separated, in turn, by a leukocyte shaft from the newly formed

140

I. S. Dragowoz et al. / International Journal of Biomedicine 12(1) (2022) 138-141

granulation fabrics. The infiltration zone was extensive and
extended to the muscle tissue. Histiocytic cells were visualized
in the field of view. In the bottom of the wound, we observed
local accumulations of macrophages and the initial stages of
the formation of multinucleated cells.
On Day 10 (Fig.1D), epithelialization of the wound was
observed in the form of marginal creeping of the stratified
squamous keratinizing epithelium from the side of the lateral
edges of the wound defect of the skin inwards. Complete
epithelialization was not observed by this time. Outside of
the newly formed epidermis, scab elements (necrotic and
fibrin deposits) continued to be visualized. The newly formed
epithelium was thin without a clear structural organization of
the layers and the complete absence of the stratum corneum.
There was a clearly defined border between the granulation
tissue and the intact dermal tissue.

with scar tissue; the fibrous component predominated in the
field of view. The border between the cicatricial and intact
dermis was well defined, mainly due to the fact that the newly
formed fibers were not yet combined into bundles, but were
located separately.

A

B

C
Fig. 2. Micrograph of the skin section
in the area of the wound defect. H&E
staining, ×100 magnification.
Group 3: A - on Day 5; B - Day 10.
Group 4: C - on Day 5; D - on Day 10.

D
A

B

C
Fig. 1. Micrograph of the skin section
in the area of the wound defect. H&E
staining, ×100 magnification.
Group 1: A - on Day 5; B - Day 10.
Group 2: C - on Day 5; D - on Day 10.

D
In Group 3, on Day 5 of the experiment (Fig.2A),
an extensive area of the scab was visualized in the area of
the skin defect, the material substrate of which was necrotic
masses, fibrin deposits, and cellular detritus. In the area of the
newly formed granulation tissue, separated by a leukocytic
ridge of the scab, vertically oriented small blood vessels and
focal accumulations of adipocytes were determined. The field
of view was dominated by inflammatory cells. In the deeper
layers of the wound, a macrophage-histiocytic reaction was
pronounced.
On Day 10 (Fig.2B), complete epithelialization of the
wound defect was observed. The newly formed thin epithelial
layer covered the entire area of the wound defect and consisted
of well-identified layers of stratified squamous keratinized
epithelium. Above the “young” epithelium, elements of the
scab containing necrotic masses and degeneratively altered
lymphohistiocytic elements continued to be preserved in some
areas.
In Group 4, on Day 5 of the experiment (Fig.2C),
an extensive zone of round cell infiltration continued to be
visualized outside the area of the wound defect. In the newly
formed granulation tissue, a large number of vertically
oriented blood vessels were determined. The field of view was
dominated by the cellular component over the fibrous one.
On Day 10 (Fig.2D), epithelialization of the wound
defect of the skin was observed. The wound defect was filled

In conclusion, our study confirmed the effectiveness
of the use of hexetidine, photoditazine, and a combination
of them, along with UST, in the local treatment of a purulent
wound. At the same time, the combined effect of an antiseptic
and a photosensitizer showed significantly better results
in the first and second phases of the course of the wound
process than did their isolated use. Thus, this combination
of hexetidine with photoditazine can be recommended for
further preclinical studies for local treatment of the soft tissue
purulent-inflammatory process.
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Abstract
The aim of this research was to evaluate the integral oxidative stress index (OSI) level in Asian girls and boys with
exogenous-constitutional obesity.
Methods and Results: A total of 170 Asian adolescents aged 12-18 years were examined: 26 girls and 28 boys with
constitutional obesity (main group, MG); 59 girls and 57 boys - healthy adolescents (control group, CG). The levels of lipid
peroxidation (LPO) products and antioxidant defense (AOD) parameters were detected using spectrophotometric and fluorometric
methods. The level of LPO products and AOD components in the studied groups were assessed to calculate the integral OSI.
Significant increases in the levels of primary LPO products (conjugated dienes by 2.18 times) and secondary LPO products
(ketodienes and conjugated trienes by 2.48 times) in the obese Asian girls, compared with the control values, were observed. We found
a significant decrease in the parameters of the AOD system in the obese Asian girls, compared with the control values: α-tocopherol
(by 1.41 times; P=0.0262), retinol (by 1.12 times; P=0.0306), and SOD activity (by 1.28 times; P=0.0004). In the obese Asian boys,
increased values of LPO components were found, compared to controls: conjugated dienes (by 2.13 times; P<0.0001), ketodienes
and conjugated trienes (by 3.4 times; P<0.0001), final thiobarbituric acid reactants of LPO (by 1.24 times; P=0.0358). They showed a
statistically significant decrease in the level of α-tocopherol (by 1.49 times; P=0.01), compared with the control values. According to
the obtained data, OSI in the group of Asian girls with obesity was 15.68 units, in the group of Asian boys with obesity - 22.89 units.
The OSI in the group of Asian boys was significantly higher (by 1.46 times; P=0.0492) than in the obese girls.
Conclusion: Certain OSI levels are consistent with the presence of antioxidant insufficiency in exogenous-constitutional
obesity and allow us to specify and evaluate the ethnic aspect of the severity of the pathological process more reliably.(International
Journal of Biomedicine. 2022;12(1):142-146.)
Key Words: adolescents • obesity • lipid peroxidation • oxidative stress index
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Introduction
Obesity is a chronic disease, heterogeneous according
to etiology and clinical data, and has a progressive course,

characterized by excessive deposition of adipose tissue in the
organism.(1) It has been established that in adolescents with
obesity, this diagnosis persists into adulthood in 90% of cases.
Various comorbid pathologies are associated with obesity,
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including cardiovascular disorders and diabetes mellitus.(2,3)
The complications of obesity in childhood and adolescence are
no less severe and include disorders of carbohydrate and lipid
metabolism, liver morphological changes (fatty hepatosis),
arterial hypertension, sexual development disorders, etc.(4)
According to WHO data, about 41 million children
under 5 years of age are overweight or obese; 340 million
children from 5 to 19 years of age are obese.(1) This trend is
equally characteristic for children and adolescents of both
sexes.(5) In Russia, more than 500,000 adolescents with obesity
have been registered at the present time.(6) There is also a direct
correlation between the incidence of obesity and territorial and
ethnic factors.(7-11) Thus, the level of adolescent obesity is high
in the Volga, Southern, Siberian, Central, and Northwestern
Federal Districts.(6) The largest number of obesity cases in
rural areas is in the Republic of Adygea, while in the Republic
of Mari El, the share of obese children is very low (0.4%).
(5)
According to the Federal State Statistics Service of the
Russian Federation for 2016, the prevalence of obesity in the
Siberian Federal District is 14.8 per 1000, in the Republic of
Buryatia - 13.8 per 1000, in the Irkutsk region - 18.8 per 1000
population.(12)
The study of the molecular mechanisms of obesity
formation in adolescence is topical.(13) One of the pathogenetic
mechanisms of obesity is the activation of OS reactions and
the decrease of antioxidant defense (AOD) activity.(14-16) The
increased content of products of the lipid peroxidation (LPO)
process can have a multilateral damaging effect on different
cellular structures and contribute to a more severe course of
the disease. The calculation of integral index has recently
been considered the most optimal way to assess disorders
in this system.(10,14) The study of OS reactions in indigenous
peoples of the Russian Federation adolescents with obesity is
interesting.
The aim of this research was to evaluate the integral
oxidative stress index (OSI) level in Asian girls and boys with
exogenous-constitutional obesity.

Materials and Methods
A total of 170 Asian adolescents aged 12-18 years were
examined: 26 girls and 28 boys with constitutional obesity
(main group, MG); 59 girls and 57 boys - healthy adolescents
(control group, CG). The WHO classification of obesity
in children and adolescents was used.(17) All participants
belonged to the Buryat ethnic group and were examined,
including anamnestic data collection, physical examination,
anthropometric data analysis, laboratory analysis. Body mass
index (BMI) was calculated using the Quetelet’s formula. The
quality, quantity, and regularity of food intake were evaluated.
We considered the heredity in relatives of such diseases
as type 2 diabetes, obesity, ischemic heart disease, arterial
hypertension, and the presence of concomitant diseases. No
patients took vitamins during the blood sampling period.
Blood was taken from the ulnar vein in accordance with the
existing requirements in the morning after an overnight fast.
The study complied with the ethical principles of World
Medical Association Declaration of Helsinki (1964, ed. 2013)
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and it was approved by the Ethic Committee of Scientific
Centre for Family Health and Human Reproduction Problems
and all patients involved or their parents signed the informed
consent agreement to participate in the study.
Blood samples (5 ml) were collected from the ulnar
vein in standard vacuum tubes with EDTA. The erythrocyte
population was separated from the other blood components
by centrifugation at 1500 g for 5 min, at 4°C. The erythrocyte
pellet was washed 3 times with a 0.9% (wt/vol) NaCl
solution. Aliquots of plasma and washed erythrocytes were
used immediately or kept frozen at -40°С, not exceeding one
month. We estimated the LPO-AOD parameters by plasma
concentrations of primary/secondary products of LPO (CDs,
KD-CT, and TBARs) and antioxidant parameters (SOD activity,
GSH, GSSG, α-tocoferol, and retinol). The concentration of
CDs and KD-CT was detected at 232nm in plasma heptane
extracts.(18) For conversion of absorption units to μmol/L, we
used the coefficient of molar absorption (К=2.2·105М-1С-1).
TBARs levels were detected by fluorometry(19) and estimated in
μmol/L. α-tocopherol and retinol levels were detected in plasma
by fluorometry. Plasma levels of GSH, GSSG, α-tocopherol and
retinol, as well as SOD activity in hemolysate were detected
by fluorometry.(20-22) The measurements were conducted with
a Shimadzu RF-1501 spectrophotometer (Japan) consisting
of two blocks: a UV-1650PC spectrophotometer and a RF1501 spectrofluorimeter. The level of LPO products and AOD
components in the studied groups were assessed to calculate the
integral OSI.(14) To measure the intensity of OS, the integral OSI)
was calculated (the ratio of the LPO-AOD system indicators in
the MG to average indicators in the CG).
Statistical analysis was performed using the
Statistica 8.0 software package (Stat-Soft Inc., USA). For
descriptive analysis, results are presented as mean±standard
deviation (SD). For data with normal distribution, intergroup comparisons were performed using Student’s t-test.
Differences of continuous variables departing from the
normal distribution, even after transformation, were tested by
the Mann-Whitney U-test. A probability value of P<0.05 was
considered statistically significant.

Results and Discussion
The level of LPO products and AOD components in the
studied groups were assessed to calculate the integral OSI.
Significant increases (P<0.0001) in the levels of
primary LPO products (CDs by 2.18 times) and secondary
LPO products (KD-CT by 2.48 times) in the obese Asian girls,
compared with the control values, were observed (Figure 1).
We found a significant decrease in the parameters of the AOD
system in the obese Asian girls, compared with the control
values: α-tocopherol (by 1.41 times; P=0.0262), retinol (by
1.12 times; P=0.0306), and SOD activity (by 1.28 times;
P=0.0004) (Figure 1).
In the obese Asian boys, increased values of LPO
components were found, compared to controls: CDs (by 2.13
times; P<0.0001), KD-CT (by 3.4 times; P<0.0001), final
TBA-active products of LPO (by 1.24 times; P=0.0358)
(Figure 2). They showed a statistically significant decrease
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in the level of α-tocopherol (by 1.49 times lower; P=0.01),
compared with the control values.

Fig. 1. Changes in LPO-AOD parameters in the obese
Asian girls.
*-P<0.05 between the obese Asian girls and control
values.

Fig. 2. Changes in LPO-AOD parameters in the obese
Asian boys.
*-P<0.05 between the obese Asian boys and control
values.

Analysis of changes in LPO products in the adolescents
with obesity confirmed the high activity of pro-oxidant
reactions in this pathology. Taking into consideration the
significance of LPO products as mediators of intercellular
interactions, as well as adaptation mechanisms, the increased
concentrations of these parameters can also be considered
as a factor of disadaptation.(23) The indicated changes were
similar to those in obese Caucasians, which we noted in earlier
studies.(8,10,15)
In Asian adolescents with obesity, the decrease in AOD
factors was also similar to that of Caucasians, with a lower
content of fat-soluble vitamins. Obviously, the deficiency of
any vitamin, and the combined insufficiency of a number of
antioxidants, disturbs the activity of enzymatic processes and
depends on the physiological functions that hinder the course
of adaptive reactions. Especially, negative consequences
can have insufficient antioxidant vitamins in adolescent
girls because of the known diverse effects of these factors
on the female reproductive system.(24) The important role
of antioxidant vitamins as regulators of tissue growth and

morphological differentiation is noted, so it is an extremely
important registered high tension in this link of metabolism
in adolescents with adiposity. Analysis of activity in the
enzymatic part of the AOD system showed a decrease in the
activity of the antioxidant enzyme SOD in Asian girls with
obesity. This enzyme acts at the initial stage of superoxide
anion radical neutralization and is the most important factor of
the initial effect of the AOD system.(21) A decrease in its activity
can be regarded as a factor of more intensive development of
antioxidant deficiency.
Several mechanisms for the OS development in
obesity have currently been established: an increase in
proinflammatory cytokines and free fatty acids as substrates for
LPO, and the involvement of biologically active adipokines in
the development of pathological processes.(16,23) Activation of
LPO reactions in obesity is also associated with a deficiency
in exogenous antioxidants, occurring on the background
of excessive intake of fats and carbohydrates.(27) Because of
the above-mentioned processes, there is an increase of LPO
products in the obese patient’s blood, which we observed in
the Asian adolescent groups.
Due to the frequently occurring, multidirectional
changes in the LPO-AOD system in the development of
various pathological conditions, it seems optimal to use the
integral OSI. For this purpose, we applied the formula to
calculate the OSI in our modification.(14) This formula takes
into account not only the accumulation of LPO products at
various stages but also the activity of various parts of the AOD
system.
According to the obtained data, OSI in the group of
Asian girls with obesity was 15.68 units, in the group of Asian
boys with obesity - 22.89 units (Figure 3). The OSI in the
group of Asian boys was significantly higher (by 1.46 times;
P=0.0492) than in the obese girls.

Fig. 3. OSI in the obese Asian girls and boys
*-P<0.05 between the obese Asian boys/girls and
control values; **-P<0.05 between the obese Asian
boys and girls; control group data are taken for 0.
These results confirm the presence of a pronounced
AOD insufficiency against the background of the activation
of pro-oxidant factors in obese Asian girls and boys. The
revealed differences in the levels of metabolites of the LPOAOD system in Asians may be associated with general
trends in the health status of the indigenous ethnic group of
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the Baikal region. Thus, according to our data, an increasing
tendency to an increase in body weight has previously been
registered among Asian adolescents, especially those living
in rural areas.(28) In addition, the metabolic changes can
be associated with changes in the diet of the Asian ethnic
group, one of the physiological features of which has so far
been the protein-lipid nature of the diet.(29) With this type
of diet, there are peculiarities of enzymatic reactions at the
level of the gastrointestinal tract, liver, and fat depots, and a
corresponding increase in concentrations of total cholesterol
and atherogenic lipoprotein fractions.(29,30) However, one
can state that the nutritional structure of this indigenous
population has undergone significant changes in recent
decades. Undoubtedly, this can entail a drastic disturbance
of established metabolic mechanisms and, consequently,
destabilization of the population’s health. As a consequence,
an excess level of alimentary-dependent nosologies,
particularly obesity, has been registered among Asians living
in this territory, compared to the average Russian level.(30,31)
In conclusion, certain OSI levels are consistent with
the presence of antioxidant insufficiency in exogenousconstitutional obesity and allow us to specify and evaluate
the ethnic aspect of the severity of the pathological process
more reliably. In the complex treatment of exogenous
and constitutional obesity in adolescents, in addition to
the normalization of lipid metabolism parameters, the
appropriateness of prescribing a complex of antioxidant drugs
according to the patient’s ethnicity has been shown.
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Abstract
The aim of our study was to evaluate the role of the muscle factor and the effectiveness of manual treatment of masticatory
muscle dysfunction in patients with transversal incisor occlusion (TIO).
Methods and Results: We examined and treated 35 patients aged 18-25 years with clinical signs of TIO in the clinic of orthopedic
dentistry. Diagnostic methods for TIO included an interview, face and oral cavity examination, and clinical functional tests. Occlusion
was assessed using anthropometric measurements and examination of plaster jaw models in an articulator for additional diagnostics of
the dental factor; a radiological method (jaw orthopantomography with the inclusion of articular joints) was also used for the articular
factor diagnostics and examination of masticatory muscles and neck muscles. The treatment methods included manual treatment of
masticatory muscle dysfunction: “myofascial trigger point release technique,” “stretching-push,” and “post-isometric relaxation.” All
patients’ complaints were mainly confined to improper occlusion of the front teeth, namely, a misalignment of the centerline between
the upper and lower anterior teeth. Moreover, 71.4% of patients noted intermittent clicking in one or both articular joints of the
temporomandibular joint, 42.8% of patients reported pain in the region of one temporomandibular joint, 28.6% of patients noted noise
in the ear of the same joint, as well as discomfort while chewing. On external examination, all patients had a slight asymmetry of the
lips and cheeks on the habitual chewing side. The apex of the chin was positioned slightly to the side relative to the facial midline. All
patients had a disturbed movement trajectory of the lower jaw. During mouth opening, the lower jaw trajectory changed relative to the
facial midline: at first, it was straight, for a very short period, and then it deviated sideways, after which it returned to the center. There
was a misalignment of the central line of the lower dentition relative to the midline of the face in the anterior region. The radiological
picture showed signs of articular joint dysfunction: difference in the size of the articular gaps on the right and left sides. After a single
session of manual treatment of masticatory muscles, all patients noted that the improper occlusion of the front teeth was corrected,
pain and clicking sensations in the TMJ disappeared in 42.8% of patients, and pain disappeared in the area of one joint, along with
noise in the ears and chewing discomfort. Headache in the parietal and temporal areas disappeared. The trajectory of lower jaw
movements during mouth opening normalized in all patients after the performed manual treatment.
Conclusion: We can conclude that when diagnosing and treating occlusal disorders, it is necessary to pay attention not only
to the position of the teeth and the TMJ elements, but also to the muscular factor – the condition of the masticatory muscles. Special
attention should be paid to the condition of the lateral wing muscles.(International Journal of Biomedicine. 2022;12(1):147-150.)
Key Words : transversal incisor occlusion • masticatory muscles • manual treatment
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LR, Mikhalevich IM, Genich EV, Sinyova YuO, Darenskaya MA. On Muscular Factor Question in the Correction of Transversal
Incisor Occlusion. International Journal of Biomedicine. 2022;12(1):147-150. doi:10.21103/Article12(1)_OA17

148

N. M. Didenko et al. / International Journal of Biomedicine 12(1) (2022) 147-150

Abbreviations

Results and Discussion

LWM, lateral wing muscle; TIO, transversal incisor occlusion;
TMJ, temporomandibular joint.

Patients’ complaints were mainly confined to improper
occlusion of the front teeth, namely, a misalignment of
the centerline between the upper and lower anterior teeth.
Moreover, 71.4% of patients noted intermittent clicking in one
or both articular joints of the TMJ, 42.8% of patients reported
pain in the region of one TMJ joint, 28.6% of patients noted
noise in the ear of the same joint, as well as discomfort while
chewing. Characteristically, the clicks were mainly on the side
opposite habitual chewing. It was also found that 57.14% of
patients had a headache in the parietal region on the same side,
and 28.57% of patients had slight pain in the temple area on
the opposite side. Moreover, patients did not attribute these
symptoms to malocclusion of the front teeth. According to
the patients, 85.6% had an asymmetrical or late eruption of
the first molars on the lower jaw. Also, 42.8% of patients had
undergone therapeutic dental treatment for uncomplicated
and complicated caries over several months (up to one year)
(Table 1). On external examination, all patients had a slight
asymmetry of the lips and cheeks on the habitual chewing side.
The apex of the chin was positioned slightly to the side relative
to the facial midline. All patients had a disturbed movement
trajectory of the lower jaw. During mouth opening, the lower
jaw trajectory changed relative to the facial midline: at first,
it was straight, for a very short period, and then it deviated
sideways, after which it returned to the center. The degree of
mouth opening did not exceed 2cm in 42.8% of patients.

Introduction
In orthopedic dentistry, we often observe a situation in
which adult patients with occlusal anomalies and relatively
correct dentition complain of an aesthetic defect at the
examination.(1,2) This defect consists of misaligning the central
line between the antagonist incisors.(2) Moreover, these patients
had previously noted that the cosmetic center of their upper
and lower teeth coincided.
According to L.S. Persin’s classification (1990) of
dental row occlusion anomalies, the misalignment of the
interincisal line is a sign of a transversal occlusion anomaly
in the anterior part of the dental arch; it is the so-called
transversal incisor occlusion (TIO) - a disorder of the anterior
teeth occlusion in a transversal direction with preserved
contact between them.(3)
TIO is an occlusion anomaly complex of the structure
of morphofunctional changes in the dentition and occurs in
different age periods.(4) This anomaly is manifested by a
mismatch of the interincisal line of the upper and lower jaws,
accompanied by a violation of the coordinated activity of the
masticatory muscles, a decrease in the tone of the masticatory
muscles, and, as a result, severe violations of the chewing
function.(4-6) Despite much research, there is still a lot of
uncertainty on this issue.
The aim of our study was to evaluate the role of the
muscle factor and the effectiveness of manual treatment of
masticatory muscle dysfunction in patients with TIO.

Materials and Methods
We examined and treated 35 patients aged 18-25 years
with clinical signs of TIO in the clinic of orthopedic dentistry
during 2010-2021. All patients gave their written informed
consent. Diagnostic methods for TIO included an interview,
face and oral cavity examination, and clinical functional
tests. Occlusion is characterized mainly by three factors:
dental, articular, and muscular.(7) We used anthropometric
measurements and examination of plaster jaw models in an
articulator for additional diagnostics of the dental factor. We
also used a radiological method (jaw orthopantomography
with the inclusion of articular joints) for the articular factor
diagnostics and examination of masticatory muscles and neck
muscles, according to the method described by A. Puzin.(8)
The treatment methods included manual treatment of
masticatory muscle dysfunction: “myofascial trigger point
release technique,” “stretching-push,” and “post-isometric
relaxation.” (9,10)
Statistical analysis was performed using the Statistica
10.0 software package (Stat-Soft Inc., USA). The frequencies
of categorical variables were compared using Pearson's chisquared test or Fisher's exact test, when appropriate. A value
of P<0.05 was considered significant.

Table 1.
Results of patient’s examination before and after manual therapy
Symptoms

Before
After
manual manual
therapy therapy*
(n)
(n)

Improper occlusion of the front teeth

35

0

Clicks in TMJ

25

15

Pain in the area of one joint

15

0

Noise in the ear

10

0

Chewing discomfort

10

0

Headache in the parietal area

20

0

Temporal headache

10

1

Unsymmetrical and late molars eruption

30

0

Fillings, caries

15

0

Soft tissues asymmetry

35

5

Offset of the top of the chin to the facial
midline

35

5

Lower jaw trajectory (first sideways
and then towards the center)

35

0

Degree of mouth opening less than 2 cm

15

0

Differences in the size of the right and
left articular gaps

35

6

Misalignment of the central line of
the lower dentition to the midline of the face

35

5

30

0

Lack of third molar rudiments
* - statistically significant differences.
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Examination of dental articulation in the central
occlusion position showed the following: The tooth ratio
slightly differed from neutral in the lateral sections; a fissurecusp contact was noted, however, on the side of habitual
chewing, the cheek cusps of lower teeth overlapped the cheek
cusps of upper teeth with a slight distal shift, approximately
to one-fourth of the cusp width; and on the opposite side, the
cheek cusps of upper teeth overlapped the cheek cusps of
lower teeth somewhat mesially, approximately to the same
cusp width.
There was a misalignment of the central line of the
lower dentition relative to the midline of the face in the
anterior region (Table 1). The anatomical shape of the anterior
teeth was not altered, and the sizes on the right and left did not
differ significantly. A detailed examination of the state of the
occlusal surface of the teeth revealed fillings on the opposite
side of the habitual chewing in 42.8% of patients (Table 1).
The radiological picture showed the absence of bone
pathology of the TMJ in all patients, but there were signs
of articular joint dysfunction: difference in the size of the
articular gaps on the right and left sides. There was a lack of
third molar rudiments in 30 patients. One 19-year-old patient
had a rudiment of the lower third molar removed to prevent
asymmetry of the dentition after the expected eruption, which
was revealed after the orthopantomogram examination.
After a single session of manual treatment of
masticatory muscles, all patients noted that the improper
occlusion of the front teeth was corrected (P<0.0001; F-test),
pain and clicking sensations in the TMJ disappeared in 42.8%
of patients (χ2=4.73, P=0.030), and pain disappeared in the
area of one joint (P<0.0001; F-test), along with noise in the
ears (P<0.0001 (F-test)) and chewing discomfort (P<0.0001;
F-test). Headache in the parietal (P=0.003; F-test) and
temporal (P=0.009; F-test) areas disappeared. The trajectory
of lower jaw movements during mouth opening normalized in
all patients after the performed manual treatment (P<0.0001;
F-test). The degree of mouth opening increased up to 3cm and
more (P=0.04; F-test).
In 14.29% of cases, we noted correction of the soft
tissues asymmetry and the offset of the top of the chin to the
facial midline, a reduction in the differences between the size
of the right and the left articular gaps, and the misalignment
of the central line of the lower dentition to the facial midline.
(χ2=49.06, P<0.0001) (Table 1).
Examination of the masticatory muscles showed
narrowing of the maxillary space (in 100% of cases; χ2=46.63,
P<0.0001), shortening, and hypertonicity of the LWM on the
side opposite to habitual chewing in all 35 patients (Table 2).
Extraoral palpation of the upper pole of the LWM head revealed
trigger points of the inferior head of the LWM (in 100% of
cases; χ2=46.63, P<0.0001), trigger points of the superior head
of the lateral pterygoid muscle (in 100% of cases; χ2=46.63,
P<0.0001). At the same time, 42.8% of patients had unilateral
clicks on the same side where the trigger points of the LWM
upper head were identified, and 28.57% of patients had bilateral
clicks intermittently. Palpation of the temporalis and parietal
muscles also revealed slight soreness in 28.57% of patients
(Table 2).

Table 2.
Results of examination of masticatory muscles.
Symptoms

Before manual After manual
therapy
therapy*

Unilateral narrowing of the maxillary
space

35 (100%)

5 (14.29%)

Trigger points of the inferior head
of the lateral wing muscle

35 (100%)

6 (17.14%)

Trigger points of the superior head
of the lateral pterygoid muscle

35 (100%)

0

15

0

10 (28.57%)

2 (5.71%)

Clicks in one joint
Clicks in both joints

Temporal muscle soreness on one side 10 (28.57%)

0

Soreness of the parietal muscle on
10 (28.57%)
the opposite side
* - statistically significant differences.

0

After a single session of manual treatment of masticatory
muscles, no patients noted trigger points of the superior head
of the lateral pterygoid muscle (χ2=70.96, P<0.0001), clicks
in one joint (χ2=16.63, P<0.0001), and soreness (χ2=9.45,
P=0.002). Unilateral narrowing of the maxillary space was
noted in 14.29% cases (χ2=49.06, P<0.0001), trigger points of
the inferior head of the lateral wing muscle in 17.14% cases
(χ2=46.16, P<0.0001), and clicks in both joints in 5.71% cases
(χ2=4.93, P=0.026) were noted.
Anatomically, the fascial fibers of one of the poles of the
lateral pterygoid muscle superior head are woven into the TMJ
capsule and also give off fibers to the interarticular meniscus.
(8,11)
Obviously, the synchronous movement of the condyle and
meniscus in the temporal bone socket will be impaired if the
lateral pterygoid muscle spasms. This explains the clicking
sound in the articulation during mandibular excursions.
Besides, the branch of the mandibular nerve of the same name
innervates the lateral pterygoid muscle, which is the third
branch of the trigeminal nerve. The sensory fibers passing
next to the motor fibers of the lateral pterygoid nerve are the
connective branches of the auricular ganglion that approach
this parasympathetic node. With the increased tone of one of
the heads of the lateral pterygoid muscle, these nerve branches
are compressed, which can lead to the formation of noise in
the ear. And therapeutic dental treatment for uncomplicated
and complicated caries can lead to the formation of the habit of
chewing on one side. Also, the asymmetrical or late eruption
of the first molars on the lower jaw can be a reason for forming
one-sided chewing habits. In the process of forming the habit
of chewing on one side, spasm of the lateral pterygoid muscle
occurs on the opposite side, mainly in the area of its lower
head.(11-14) In our opinion, a patient with the removed embryo
of the lower third molar could also have developed the habit of
chewing on one side, since such surgical intervention causes
pain and discomfort during chewing for a long time.
Pain and soreness in the muscles, spasms, increased
tone, and hypertonicity can be the signs that characterize
muscle dysfunction.(10)
The zigzagging of the mandibular trajectory during
mouth opening is characterized by lateral wing muscle
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dysfunction.(1,2,10,12,15-17) At first, the trajectory is straight; it is
the first phase – the articulated movement of the condyle under
the action of the muscles lowering the lower jaw. And then,
in the middle phase, during the linear progressive movement
of the lower jaw along the slope of the articular tubercle of
the temporal bone, the lateral wing muscles come into action,
extending the lower jaw. And if one side of the muscle spasms,
the trajectory of the lower jaw movement will be changed to
the opposite side. In the lower phase of the movement, the
muscles lowering the lower jaw straighten the trajectory of
the lower jaw.
I. Klineberg and S. Eckert (15) refer to the term “occlusion”
as the dynamic biological interaction of the components of the
masticatory system, which determines the teeth’ interposition.
The driving force for the interaction of the components of
this system is the masticatory muscles. L. Persin`s findings
(9)
show the mismatch between the central position of the
lower jaw and its habitual position. Therefore, the mismatch
of the central lines between the upper and lower teeth can be
explained by the different tones of the lateral wing muscles
on the right and left. Special attention should be paid to the
condition of the lateral pterygoid muscles; this is confirmed by
the words of J. Travel et al.,(10) who called the lateral pterygoid
muscle “the key to understanding and correcting functional
disorders in the skull and mandible.”
Thus, we can conclude that when diagnosing and
treating occlusal disorders, it is necessary to pay attention not
only to the position of the teeth and the TMJ elements, but
also to the muscular factor – the condition of the masticatory
muscles. Special attention should be paid to the condition of
the lateral wing muscles.
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Abstract
The aim of this study was to investigate the relationship between the HTR2A 1438A/G (rs6311) SNP and the risk of nicotine
addiction in Yakuts.
Methods and Results: A total of 292 people of Yakut nationality were tested (77 women and 215 men). Two groups of
examined persons were formed: smokers (n=141) and non-smokers (NS, n=151). To determine the association of the studied SNP
with the degree of smoking, the smoker group was divided into two subgroups: Heavy smokers (HS) and Light smokers (LS).
Subjects who were smokers were classified based on their consumption of cigarettes per day (cpd), as follows: LS (n=10), those
who consumed between 1 and 10 cpd, and HS (n=131), those who consumed ≥20 cpd. The study of the HTR2A 1438A/G (rs6311)
SNP was performed by PCR and RFLP analysis. The A allele of the HTR2A 1438A/G (rs6311) SNP was associated with more of a
risk for the HS group than the LS. Using the A allele as a risk factor, RR analysis showed a significant association with a risk factor
when comparing HS with LS (RR=1.086; 95% CI=1.032-1.142; P=0.049). The analysis of the OR and RR between the HS and
LS showed that the AA and AG genotypes were associated with an increased risk for heavy smoking (OR=9.714; 95% CI=1.19678.874; RR =1.126; 95% CI=1.027-1.235; P=0.026). We cannot dismiss the possibility that our results may reflect the small
sample size. Despite this potential limitation, the significant associations should not be disregarded and merit further investigation
for clarification of these results.(International Journal of Biomedicine. 2022;12(1):151-154.)
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Introduction
Smoking is one of the causes leading to the development
of serious diseases that significantly reduce life expectancy.
Worldwide, more people die from smoking than from alcohol,
cocaine, and heroin, as well as from AIDS, violent death, car and
plane crashes combined. The state of dependence on nicotine,
alcohol, and drugs is included in one category of ICD-10:
“mental and behavioral disorders due to the use of psychoactive
*Corresponding author: Nadezhda I. Pavlova, PhD. Yakut
Science Center of Complex Medical Problems. Yakutsk, the Republic
of Sakha (Yakutia), Russia. E-mail: solnishko_84@inbox.ru

substances.” According to the World Health Organization, in
2018, Russia ranked 34th in the world in number of tobacco
users, which is 28.3% of Russians (34.2 million inhabitants)
over 15 years old.(1) As for the regions of Russia, according to
Rosstat for 2019, Chukotka has the largest percentage of smokers
(39%) of the adult population. In second place is the Jewish
Autonomous Region - 37.3%. In the third place - the TransBaikal Territory (36.3%). In the Republic of Sakha (Yakutia),
the share of the smoking population was 34.4%, that is, in
fifth place among the smoking population in Russia. Nicotine
addiction is a chronic disease, similar to other types of substance
dependence, requiring repeated interventions to achieve and
maintain sustainable smoking cessation. The nicotine contained
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in tobacco causes the development of a strong commitment to
smoking. Research suggests that nicotine is more addictive than
cocaine, ethanol, heroin, caffeine, and marijuana, both in terms
of physical and psychological dependence. Nicotine acts as a
full agonist at nicotinic acetylcholine receptors (n-AChR) in
the central nervous system, activates dopaminergic pathways in
the mesolimbic system of the brain, and thus promotes craving
and addiction.(2,3) Therefore, genes encoding receptors involved
in dopaminergic and serotonergic pathways are potential
candidates in the mechanisms of nicotine dependence.
The HTR2A gene is located on chromosome 13 and
includes three exons and two introns with a length of more
than 63 kb, and it contains more than 200 single nucleotide
polymorphisms (SNPs). This gene has two known functional
SNPs, T102C (rs6313) and A1438G (rs6311), which have
been associated with smoking addiction. Some studies have
found that SNPs rs6311 (1438A/G) in the promoter region and
rs6313 (102T/C) in exon 1 may be associated with a higher
risk of cigarette smoking among Caucasians. (4-6)
We have studied for the first time the association of the
SLC6A3 rs27072 SNP with nicotine addiction in the smoking
population and the ABCB1 C3435T SNP in Yakuts associated
with addictive behavior. An analysis of the association
of the SLC6A3 rs27072 with nicotine addiction indicated
the absence of statistically significant differences between
carriers of different genotypes, not only in the study group
as a whole, but also separately in men and women.(7) It has
been shown that nicotine alters the expression of ABCB1 and
that 4-methylnitrosamino-1-3-pyridyl-1-butanone, which is
an ingredient in cigarette smoke, induces the ABCB1 gene
by expressing mRNA.(8,9) Therefore, it can be hypothesized
that ABCB1 genetic polymorphisms may interact with
mechanisms associated with substance addiction, including
nicotine addiction.(10)
The aim of this study was to investigate the relationship
between the HTR2A 1438A/G (rs6311) SNP and the risk of
nicotine addiction in Yakuts.

Materials and Methods
The study was carried out in the Department of
Molecular Genetics at the Yakut Scientific Center for Complex
Medical Problems (YSC CMP). A total of 292 people of
Yakut nationality were tested (77 women and 215 men). Two
groups of examined persons were formed: smokers (n=141)
and non-smokers (NS, n=151). To determine the association
of the studied SNP with the degree of smoking, the smoker
group was divided into two subgroups: Heavy smokers (HS)
and Light smokers (LS). Subjects who were smokers were
classified based on their consumption of cigarettes per day
(cpd), as follows: LS (n=10), those who consumed between
1 and 10 cpd, and HS (n=131), those who consumed ≥20 cpd.
The study was approved by the Ethics Committee of the
Yakut Science Center of Complex Medical Problems (YSC
CMP). Written informed consent was obtained from each
research participant.
Genomic DNA samples were isolated from the
peripheral blood leukocytes using a commercial kit for

DNA isolation Excell biotech (Yakutsk, Russia). The study
of the HTR2A 1438A/G (rs6311) SNP was performed by
PCR and RFLP analysis. Primer sequences, conditions for
amplification, restriction enzymes, and the lengths of the
restoration fragments are presented in Table 1.
Table 1.
The primers and restriction enzymes used for detection of the
HTR2A 1438A/G (rs6311) SNP using PCR-RFLP methods
Primers
5’- AAC CAA CTT ATT
TCC TAC CAC -3’
5’-AAG CTG CAA GGT
AGC AAC AGC -3’

Annealing
PCR-RFLP results
temperature Restriction
enzyme
(bp)
(˚C)
57 °C

MspI

Allele A: 468
Allele G: 244 and
224

bp - base pair

PCR products were detected by horizontal electrophoresis
in a 2% agarose gel plate with the addition of ethidium bromide,
a specific intercalating fluorescent DNA (RNA) dye, using a
standard Tris-acetate buffer at a field voltage of ~ 20V/cm for 30
minutes. After PCR, the amplificate was subjected to restriction
using MspI endonuclease (OOO SibEnzim, Novosibirsk) for
3 hours at 37°C. RFLP products were detected by horizontal
electrophoresis in 4% agarose gel stained with ethidium
bromide using a standard Tris-acetate buffer at 120V for 1 hour.
Fragments containing the uncut A allele had a 468-bp
band; fragments containing the G allele had two bands of 244
and 224 bp.
Statistical analysis was performed using Microsoft
Excel 2010. The comparison of the frequencies of allelic
variants/genotypes was performed using the chi-square test
with Yates correction. The odds ratio (OR), relative risk (RR)
and the corresponding 95% CI were calculated to estimate the
strength of the association. A probability value of P<0.05 was
considered statistically significant.

Results and Discussion
An analysis of the frequency distribution of alleles and
genotypes of the HTR2A 1438A/G (rs6311) SNP showed that
in the studied sample of Yakuts (men and women), the G allele
was predominant (75.2%) and the frequency of occurrence
of the GG genotype was 53.4%. The frequency of the AA
genotype in women was three times higher than in men: 6.5%
and 1.9%, respectively (P=0.046) (Table 2).
The frequency distribution of alleles and genotypes of
the HTR2A 1438A/G (rs6311) SNP did not differ significantly
between smokers and non-smokers (Table 3). The A allele
frequency for non-smokers was 22.6%-23.7%, while in the
smoking group it was 23.7%-31.5%. The highest frequency of
the AA genotype was found in female smokers (8.7%), while
in male smokers it was the lowest (1.1%). The frequency of
the heterozygous AG genotype in all subgroups of smokers
was higher than in non-smokers.
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A potential limitation of this study is that smokers selfreported smoking and cigarette consumption levels. Ideally,
the amount of nicotine consumed should be measured by
serum cotinine levels. This measure is relevant because
cigarette consumption affects the level of nicotine in the
body. According to power retrospective analysis, the HTR2A
1438A/G (rs6311) SNP has low statistical power in our study,
probably because the A allele frequency has a relatively rare
occurrence that needs to be taken into account and possibly
requires later population validation.
We cannot dismiss the possibility that our results may
reflect the small sample size. Despite this potential limitation,
the significant associations should not be disregarded and
merit further investigation for clarification of these results.

Table 2.
The frequency of occurrence of genotypes and alleles of the HTR2A
1438A/G (rs6311) SNP in the Yakut population
Group

Genotype frequency

Allele frequency

AA

AG

GG

A

G

Men and women
(n=292)

3.1

43.5

53.4

24.8

75.2

Men (n=215)

1.9

43.7

54.4

23.7

76.3

0.046

>0.05

>0.05

>0.05

>0.05

6.5

42.9

50.6

27.9

72.1

P-value
Women (n=77)

Sources of Funding

The A allele of the HTR2A 1438A/G (rs6311) SNP
was associated with more of a risk for the HS group than the
LS. Using the A allele as a risk factor, RR analysis showed a
significant association with a risk factor when comparing HS
with LS (RR=1.086; 95% CI=1.032-1.142; P=0.049). The
analysis of the OR and RR between the HS and LS showed that
the AA and AG genotypes were associated with an increased
risk for heavy smoking (OR=9.714; 95% CI=1.196-78.874;
RR =1.126; 95% CI=1.027-1.235; P=0.026). This is consistent
with the data of Pérez-Rubio et al.,(4) who found in the Mexican
mestizo population that the A allele of the HTR2A 1438A/G
(rs6311) SNP was associated with cigarette smoking; in
addition, the heterozygous GA genotype and the homozygous
AA genotype were associated with the risk in the comparison
between HS and NS. According to Z. Verde,(11) the allele A of
the HTR2A 1438A/G (rs6311) SNP, among all smokers, was
associated with the number of packs smoked per year (P=0.02).

The study was carried out within the framework of
the project “Physiological and biochemical mechanisms of
adaptation of plants, animals, humans to the conditions of the
Arctic/Subarctic and the development of biological products
based on natural northern raw materials that increase the
efficiency of the adaptation process and the level of human
health in extreme environmental conditions” (No. 0297-20210025 registration number АААА-А21-121012190035-9) and
the Scientific - Research Experimental - Design Work “Study
of the genetic structure and burden of hereditary pathology
of populations of the Republic of Sakha (Yakutia)” using the
Unique scientific equipment (USE) “The Genome of Yakutia”
(No. USU_507512).
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Тable 3.
OR and 95% CI for HTR2 rs6311 (dominant effect of the A allele, AA+AG vs GG) in relation to smokers
Groups and subgroups

Genotype frequency
(%)

Allele
frequency (%)

AA

AG

GG

A

G

All smokers
Men and women

3.5

45.4

51.1

26.2

73.8

NS
Men and women

2.6

41.7

55.6

23.5

76.5

Women smokers

8.7

45.7

45.7

31.5

68.5

NS Women

3.2

38.7

58.1

22.6

77.4

Men smokers

1.1

45.3

53.7

23.7

76.3

NS Men

2.5

42.5

55

23.7

76.3

HS
Men and women

3.8

48.1

48.1

27.9

72.1

NS
Men and women

2.6

41.7

55.6

23.5

76.5

HS
Men and women

3.8

48.1

48.1

27.9

72.1

LS
Men and women

0

10

90

5

95

OR

RR

P

OR
(АА+АG)

RR
(АА+АG)

P

1.578
1.242
(0.753-3.308) (0.947-1.631) 0.303

1.184
1.099
(0.746-1.878) (0.867-1.393) 0.435

1.578
1.242
(0.753-3.308) (0.947-1.631) 0.303

1.648
1.222
(0.657-4.134) (0.844-1.769) 0.286

0.996
1.040
(0.637-1.559) (0.804-1.345) 0.922

1.054
1.030
(0.614-1.810) (0.762-1.392) 0.848

1.257
1.127
(0.860-1.836) (0.929-1.366) 0.278

1.353
1.175
(0.846-2.164) (0.915-1.510) 0.207

7.339
1.086
9.714
1.126
(0.965-55.820) (1.032-1.142) 0.049 (1.196-78.874) (1.027-1.235) 0.026
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Abstract
Background: Genome-wide association studies identified the region of chromosome 3p21.31 as having the strongest
association with the severe COVID-19 and susceptibility to SARS-CoV-2 infection. The aim of our study was to investigate the
frequency of the risk A allele of rs17713054 localized in the 3p21.31 COVID-19 risk locus in Yakuts.
Methods and Results: A total of 382 DNA samples from healthy Yakut volunteers (184 men and 198 women; the average
age of 41.8±0.05 years) were examined. Our results show that the frequency of the risk A allele of the rs17713054 SNP in the
Yakut population occurs at a frequency of 2% and generally corresponds to the frequency of East Asian populations (from 0%
to 2%), geographically close to the Yakuts and belonging to the same Mongoloid race. (International Journal of Biomedicine.
2022;12(1):155-159.)
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Introduction
The COVID-19 pandemic has killed millions of people
worldwide. The predominant cause of death is pneumonia
and severe acute respiratory distress syndrome.(1) However,
COVID-19 can cause multiple organ failure due to cytokine
release, micro- and macrovascular thrombosis, endothelial
injury, acute kidney injury, and myocarditis.(2-4) A study of

*Corresponding author: Nadezhda I. Pavlova, PhD. Yakut
Science Center of Complex Medical Problems. Yakutsk, the Republic
of Sakha (Yakutia), Russia. E-mail: solnishko_84@inbox.ru

post-mortem lung biopsies from COVID-19 demonstrated
widespread epithelial dysfunction with signs of EMT.(5,6)
Two large GWASs (7,8) identified the region of
chromosome 3p21.31 as having the strongest association with
the severe COVID-19; another study identified this locus as
conferring susceptibility to SARS-CoV-2 infection.(9) GWASs
have found that the 3p21.31 region is associated with a twofold increase in the risk of respiratory failure. The influence
of the 3p21.31 locus on the early epithelial response may
contribute to susceptibility to SARS-CoV-2 infection.(9)
Downes et al.(10) identified the gain-of-function risk A
allele of an SNP, rs17713054G>A, as a probable causative
variant for the respiratory failure. The authors showed that
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the rs17713054-affected enhancer upregulates the interacting
gene, leucine zipper transcription factor like 1 (LZTFL1).
“This gene encodes a ubiquitously expressed protein that
localizes to the cytoplasm. This protein interacts with BardetBiedl Syndrome (BBS) proteins and, through its interaction
with BBS protein complexes, regulates protein trafficking to
the ciliary membrane. Nonsense mutations in this gene cause
a form of Bardet-Biedl Syndrome; a ciliopathy characterized
in part by polydactyly, obesity, cognitive impairment,
hypogonadism, and kidney failure. This gene may also
function as a tumor suppressor; possibly by interacting with
E-cadherin and the actin cytoskeleton and thereby regulating
the transition of epithelial cells to mesenchymal cells.”(11)
The transmembrane protein E-cadherin is one of the critical
components for epithelial integrityIn addition.(12) Thus,
LZTFL1 is involved in the trafficking of numerous signaling
molecules. (13-17)
For the 3p21.31 COVID-19 risk locus, a higher risk is
associated with increased expression of the LZTFL1 gene, a
known inhibitor of EMT. Higher levels of the LZTFL1 gene
may delay the positive effects of an acute EMT response by
blocking a reduction in the levels of ACE2 and TMPRSS2
and/or by slowing EMT-driven tissue repair.
The LZTFL1 gene is widely expressed in pulmonary
epithelial cells, including ciliated epithelial cells, which have
been identified as one of the main cellular targets for SARSCoV-2 infection.(18) The LZTFL1 gene was identified as the
gene having strong 3C contacts with the rs17713054 enhancer
and lung expression quantitative trait loci (eQTL). LZTFL1
is the most likely direct regulatory target of the rs17713054containing epithelial–endothelial–fibroblast enhancer.
The aim of our study was to investigate the frequency
of the risk A allele of rs17713054 localized in the 3p21.31
COVID-19 risk locus in Yakuts.

5’-TGTCTGATTTTAAAGAAGTTTGGGT-3’ and reverse
primer: 5’- GGAGCAGAGCCCGTCATTAT-3’).The sequence
of the study site for the primer selection matrix and the primer
specificity test were taken from the UCSC Genome Browser
database (GRCh38/hg38). The primers were synthesized by
Lumiprobe RUS Ltd (Moscow, Russia). The reaction mixture
(25 μl) for PCR contained of forward and reverse primer (1.5µl
(10 pmol/µl) of each oligonucleotide primer) (Moscow, Russia),
ddH2O (13 µl), 10xPCR buffer (2.5 µl), 25 mM MgCl2 (2.5
µl), 2.5 mM dNTP Mix (2.5 µl), Taq polymerase (0.5 µl (1.5
units)), and DNA (1 μl). PCR was performed in an MJ Mini
Gradient Thermal Cycler (BioRad). The temperature-time
regime for carrying out the amplification of a given nucleotide
sequence with the restriction enzyme used and the lengths of the
restriction fragments is presented in Table 1. PCR products were
detected by horizontal electrophoresis in a 2% agarose gel plate
with the addition of ethidium bromide, a specific intercalating
fluorescent DNA (RNA) dye, using a standard Tris-acetate
buffer at a field voltage of ~ 20V/cm for 30 minutes.

Materials and Methods

After PCR, the amplificate was subjected to restriction
using ZrmI endonuclease (OOO SibEnzim, Novosibirsk) for 16
hours at 37°C. Restriction endonuclease selection was performed
in a NEBcutter V2.0. RFLP products were detected by horizontal
electrophoresis in a 3% agarose gel stained with ethidium
bromide using a standard Tris-acetate buffer at 120V for 1 hour.
Restriction products were visualized under UV light using a geldocumenting system (Vilber Lourmat, France) (Figure 1).

The study was carried out in the Department of Molecular
Genetics at the Yakut Scientific Center for Complex Medical
Problems (YSC CMP). For the study, we used DNA samples
from the collection of biomaterials of the YSC CMP (Project
“The Genome of Yakutia”; No. USE_507512).
A total of 382 DNA samples from healthy volunteers
(184 men and 198 women; the average age of 41.8±0.05
years) were examined. The inclusion criteria for the study
were Yakuts by ethnicity, living in Yakutia.
The study was approved by the Ethics Committee of the
Yakut Science Center of Complex Medical Problems (YSC
CMP). Written informed consent was obtained from each
research participant.
Genomic DNA was isolated using the standard phenolchloroform extraction method from frozen whole blood.
Genotyping of DNA samples was carried out by analyzing
PCR products - amplification of specific regions of the
genome, followed by an analysis of restriction fragment
length polymorphism. Primer selection was performed
using the National Center for Biotechnology Information
(NCBI) primer design tool, Primer-BLAST (forward primer:

Table 1.
PCR conditions for rs17713054
Temperature protocol for PCR
Temperature

Time

95 °C

4 min

94 °C

30 sec

64 °C

30 sec

72 °C

1 min

72 °C

10 min

of
Restriction theInterpretation
PCR-RFLP result
enzyme
bp)
Cycles
1
35

Zrm I

AA – 210;
AG – 210, 125, 85;
GG – 125, 85.

1

bp, base pair

Fig. 1. Electrophoretogram: RFLP products in a 3%
agarose gel.
M - marker PUC19 / + Msp I., AG – 210, 125, 85 bp;
GG – 125, 85 bp; AA – 210 bp.

Statistical analysis was performed using Microsoft
Excel 2010.
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Results and Discussion
In our study, the rs17713054 SNP was analyzed in the
Yakut population in comparison with the populations of East
and South Asia, Africa, America, and Europe.(19) In the Yakut

(YKT) population, the frequency of the risk A allele and the
G allele of the rs17713054 was 2% and 98%, respectively
(Table 2). The genotype distribution was as follows:
AG=3.7%, AA=0.5%, GG=95.8%. When compared with
an open database of populations from the 1000 Genomes

Table 2.
The frequency of genotypes and alleles of the rs17713054 SNP in the Yakut population and 1000 Genomes Project Phase 3 (population and
subpopulations)
Group

ID

Name

Geographic region

Count

Allele freq.

Genotype freq.

A

G

AA

AG

GG

Chi-sq.

P

All Yakuts

382

0.020

0.980

0.005

0.037

0.958 15.813 0.000

Yakut men

184

0.010

0.990

0

0.027

0.973

198

0.033

0.967

0.011

0.045

0.944 15.992 0.000

All 1000 Genomes Project Phase 3 individuals

2504

0.082

0.918

0,019

0.126

0.855 64.538 0.000

East Asian, EAS

504

0.005

0.995

0

0.010

0.990

0.013 0.911
0.003 0.958

YKT

Yakuts

North-Eastern Siberia

Yakut women

East Asian
sub-populations

CDX

Dai

East Asia

93

0.005

0.995

0

0.011

0.989

CHB

Northern Han

East Asia

103

0

1

0

0

1

-

-

CHS

Southern Han

East Asia

105

0

1

0

0

1

-

-

JPT

Japanese

East Asia

104

0

1

0

0

1

-

-

KHV

Kinh

East Asia

99

0.020

0.980

0

0.040

0.960

0.042 0.837

South Asian, SAS

South Asian
sub-populations

489

0.296

0.704

0,094

0.403

0.503

0.514 0.473

BEB

Bengali

Central/South Asia

86

0.378

0.622

0.128

0.500

0.372

0.346 0.557

GIH

Gujarati

Central/South Asia

103

0.267

0.733

0.078

0.379

0.544

0.110 0.741

ITU

Telugu

Central/South Asia

102

0.289

0.711

0.098

0.382

0.520

0.500 0.479

PJL

Punjabi

Central/South Asia

96

0.297

0.703

0.094

0.406

0.500

0.069 0.792

STU

Sri Lankan Tamil

Central/South Asia

102

0.260

0.740

0.078

0.363

0.559

0.330 0.566

503

0.081

0.919

0

0.161

0.839

3.857 0.050

European, EUR

European
sub-populations

CEU

European American

Europe

99

0.081

0.919

0

0.162

0.838

0.765 0.382

FIN

Finnish

Europe

99

0.101

0.899

0

0.202

0.798

1.250 0.264

GBR

British

Europe

91

0.071

0.929

0

0.143

0.857

0.538 0.463

IBS

Iberian

Europe

107

0.047

0.953

0

0.093

0.907

0.257 0.612

TSI

Toscani

Europe

107

0.103

0.897

0

0.206

0.794

1.405 0.236

American, AMR
American
sub-populations

347

0.043

0.957

0,003

0.081

0.916

0.208 0.648

CLM

Colombian

Admixed

94

0.064

0.936

0.011

0.106

0.883

1.134 0.287

MXL

Mexican American

Admixed

64

0.039

0.961

0

0.078

0.922

0.106 0.745

PEL

Peruvian

Admixed

85

0.029

0.971

0

0.059

0.941

0.078 0.780

Puerto Rican

Admixed

104

0.038

0.962

0

0.077

0.923

0.166 0.683

661

0.004

0.996

0

0.008

0.992

0.010 0.922

PUR

African, AFR

African
sub-populations

0.035 0.852

ACB

Afro-Caribbean

Admixed

96

0.016

0.984

0

0.031

0.969

0.024 0.876

ASW

African American

Admixed

61

0.008

0.992

0

0.016

0.984

0.004 0.949

ESN

Esan

Africa

99

0

1

0

0

1

GWD

Gambian

Africa

113

0.004

0.996

0

0.009

0.991

-

-

LWK

Luhya

Africa

99

0

1

0

0

1

-

-

MSL

Mende

Africa

85

0

1

0

0

1

-

-

YRI

Yoruban

Africa

108

0

1

0

0

1

-

-

0.002 0.962

ID, population and subpopulation identifier; P - HWE p-value. A probability value of P<0.05 was considered statistically significant.
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Project, the Yakuts were similar to the Kinh people of
northern Vietnam (KHV subpopulation: A=2%; AA=0 and
AG=4%) and the African subpopulation in Barbados (ACB:
A=1.6%; AA=0 and AG=3.1%) (Table 2). In the African
population (AFR), the risk A allele was absent, except for
the aforementioned African subpopulation from the state of
Barbados in the Caribbean (ACB) and African Americans
from Southwest US (ASW: A=0.8%; AA=0 and AG=1.6%).
Probably, in the ACB and ASW populations, the risk A allele
is present due to cross-breeding with Europeans. In American
populations (AMR), the risk A allele occurs at a frequency
of 4% (AA=0.3% and AG=8.1%). Europeans rank second
in the world in terms of the prevalence of the risk A allele
(EUR: A=8%; AA=0 and AG=16.1%). Among Europeans, a
high frequency is observed in Italians (TSI: A=10.3%; AA=
0 and AG=20.6%) and Finns (FIN: A=10.1%; AA=0 and
AG=20.2%).
A very high frequency of the risk A allele and allelecarrying A genotypes was observed in the South Asian
population (SAS: A=30%; AA=9.4% and AG=40.4%),
compared with all other considered populations (Table 2). In
all the South Asian subpopulations presented, the frequency of
the minor allele was high (26%-37.8%), but it should be noted
that Bengalis have the highest frequency of the A allele of all
analyzed populations (37.8%). The heterozygous AG genotype
occurs in 50% of individuals in the Bengal population and
40.6% in the Punjabi population living in Pakistan and the
Punjab state of northern India (PJL).
A nationwide cohort study of 29 million adults in
England performed by Nafilyan et al.(20) analyzed ethnic
differences for the risk of COVID-19-related death in the first
and second waves of the pandemic in England. In the first
wave, all ethnic minority groups had a higher risk of COVID19-related death than the White British population. In the
second wave, the risk of COVID-19-related death remained
elevated for Pakistani (ASMR: 339.9 [95% CI: 303.7-376.2]
and 166.8 [141.7-191.9] deaths per 100,000 population in men
and women) and Bangladeshi (318.7 [247.4-390.1] and 127.1
[91.1-171.3] in men and women) people, but not for people
from Black ethnic groups. Despite a reduction in the increased
risk of mortality from COVID-19, after adjusting for sociodemographic characteristics and health status, the risk was
significantly higher in people of Bangladeshi and Pakistani
origin in both the first and second waves.
In conclusion, our results show that the frequency of the
risk A allele of the rs17713054 SNP in the Yakut population
occurs at a frequency of 2% and generally corresponds to
the frequency of East Asian populations (from 0% to 2%),
geographically close to the Yakuts and belonging to the same
Mongoloid race. Probably, the risk A allele is present in the
Yakut population due to ancient and/or recent miscegenation
with Europeans.
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Abstract
The purpose of this study was to determine the etiology and cytological patterns of serous effusions among Sudanese
patients.
Methods and Results: This descriptive study was carried out in hospitals of Khartoum state in the period from February 2019
to June 2020. One hundred and seventy-eight patients “clinically and/or radiological” diagnosed as having an accumulation of serous
effusions were included in this study. Smears were prepared and stained according to the conventional pap staining procedure.
The majority of the study population (121[68%]) had malignant effusion (MEs), and the other group (57[32%]) - benign
effusions (BEs). Among patients with MEs, breast cancer was the major etiology (75[62%]), followed by lung (23[19%]), GIT
(12[9.9%]), and thyroid cancers (11[9.1%]), while among patients with BEs, parapneumonic conditions were the main factor
(28[49.1%]), followed by tuberculosis (18[31.6%]) and pulmonary embolism (11[19.3%]). The majority of patients with MEs
were pleural effusion (109[90.1%]), followed by peritoneal effusion (12[9.9%]), whereas no patients in this group had pericardial
effusion. Pleural effusion (29[50.9%]) was also the major one among patients with BEs, followed by peritoneal (21[36.8%]) and
pericardial effusions (7[3.9%]).
Conclusion: Malignant serous effusion is commonly seen among patients with malignant tumors; pleural effusions presented
a large proportion, especially among females with breast cancer. Thoracentesis and cytological methods (i.e., conventional smear
and cell block technique) should be the first line for the diagnosis of malignant pleural effusions, along with confirmatory adjunct
techniques such as immunohistochemistry and immunocytochemistry.(International Journal of Biomedicine. 2022;12(1):160163.)
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Introduction
The pleural, pericardial, and peritoneal cavities are
serous cavities. The visceral and parietal surfaces of each
cavity are lined by the mesothelium. Each cavity contains
only a small volume of lubricant fluid known as serous fluid.
This fluid facilitates the movement of the lungs, heart, and

digestive tract.(1) Different pathological conditions may lead to
excess accumulation of fluid in body cavities; inflammatory
conditions and malignant tumors “primary and/or secondary”
are considered to be the major underlying causes.(2,3) Many
types of tumors, especially carcinomas, may spread and find
their way to serous membranes, and they become disseminated
with the effusion. Many studies reveal that patients with lung
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and breast cancers are more likely to develop pleural effusion
during their disease course. Adenocarcinomas of the breast,
lung, ovary, and GIT are the commonest primary, malignant
tumors with high susceptibility to metastasize in the serous
cavities.(4) The incidences of BEs are twofold common than
MEs and have different causes and expressions.(5) BEs can
be associated with a wide scale of pathological conditions;
congestive heart failure is the most common one.(6) Other causes
include rheumatoid disease, systemic lupus erythematosus,
pulmonary infarct, pneumonia, pneumothorax, tuberculosis,
hepatic cirrhosis, and viral infections.
In Sudan, the major underlying causes of serous effusions
vary from inflammatory conditions to metastasized tumors,
while cases of primary malignant mesothelioma were not
reported among patients.(7) Although the liquid-based approach
has advantages, such as uniform fixation and clearer background,
because the cellular and background features essential for
morphological assessment and diagnosis are better maintained
in cytospin, it is thought to be better to utilize this approach in
conjunction with conventional cytological technique.(3)
The purpose of this study was to determine the etiology
and cytological patterns of serous effusions among Sudanese
patients.
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Results
In this study, a descriptive analysis for serous effusions
among 178 Sudanese patients (age ranged from 20 to 78,
with a mean age of 58 years) was carried out. Two groups of
individuals were classified according to the diagnostic yields of
their effusions. The majority of the study population (121[68%])
had MEs, and the other group (57[32%]) - non-malignant
effusions. Most patients with MEs were female - 75(62%),
while males constituted 46(38%). In the patients with BEs, most
were female - 32(56.1%) vs. 25(43.9%) male. Table/Figure 1
presents the distribution of the study population by malignancy
and gender. In patients with MEs, the majority of patients were
in the age group of 36-50 years (44[36.4%]), followed by the
age groups of 51-65 (42[34.7%]), 66+ (21[17.4%]), and 2035 years (14[11.6%]). In contrast, among patients with BEs,
the majority of patients were in the age group of 51-65 years
(22[38.6%]), followed by the age groups of 36-50(20[35.1%]),
20-35(10[17.5%]), and 66+(5[8.8%]) years.

Materials and Methods
This descriptive study was carried out in hospitals of
Khartoum state in the period from February 2019 to June 2020.
One hundred and seventy-eight patients “clinically and/or
radiological” diagnosed as having an accumulation of serous
effusions were included in this study. From these patients, 178
cytological specimens’ effusions were collected. Patients with
effusion accumulation were subjected to needle aspiration to
collect samples; the collected effusions were then delivered to
the laboratory. Smears were prepared and stained according
to the conventional pap staining procedure. The collected
effusions were centrifuged at 2000 rpm for 7 minutes from
the deposited cells; smears were prepared and fixed while
they were wet by 95% ethyl alcohol. They were then hydrated
through downward grades of ethyl alcohol concentrations
(absolute, 90%, 80%, and 75%) to distilled water for 2
minutes/stage. Nuclei were stained with Harris Hematoxylin
for 5 minutes, differentiated in 1% acid alcohol 5-7 seconds
controlled microscopically, and rinsed in distilled water.
Next, the smear was blued in alkaline water for 5 seconds,
then dehydrated in ascending grades of alcohol concentrations
for 2 minutes/stage. The cytoplasm was counter-stained with
orange G6 for 2 minutes, rinsed in 95% alcohol, then treated
with Eosin Azour 50 for 3 minutes, Dehydrated, cleared,
and mounted in DPX. Data regarding the population that
participated in this study, such as age, gender, clinical data,
and other laboratory findings, were collected by checklist
method. The disease factors data underlying the causes of BEs
and MEs were collected from the patient’s medical records.
Statistical analysis was performed using the standard
Statistical Package for the Social Sciences (IBM SPSS Statistics
for Windows, Version 21.0. Armonk, NY: IBM Corp). Written
informed consent was obtained from all participants.

Table/Fig 1. The distribution of the study population by
malignancy and gender.

Table/Figure 2 presents the distribution of the study
population by malignancy and age.

Table/Fig. 2. The distribution of the study population by
malignancy and age.
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Among patients with MEs, breast cancer was the
major etiology (75[62%]), followed by lung (23[19%]), GIT
(12[9.9%]), and thyroid cancers (11[9.1%]), while among
patients with BEs, parapneumonic conditions were the main
factor (28[49.1%]), followed by tuberculosis (18[31.6%]) and
pulmonary embolism(11[19.3%]) (Table/Figure 3). Table/
Figure 4 presents the distribution of the study population by
malignancy and effusion site. The majority of patients with MEs
were pleural effusion (109[90.1%]), followed by peritoneal
effusion (12[9.9%]), whereas no patients in this group had
pericardial effusion. Pleural effusion (29[50.9%]) was also the
major one among patients with BEs, followed by peritoneal
(21[36.8%]) and pericardial effusions (7[3.9%]).

Discussion
Serous effusion cytology is widely employed in the
initial evaluation of the etiology of effusions with high
diagnostic sensitivity.(8) This study evaluates the rate of
incidence of serous effusions and describes its onset pattern
among Sudanese patients. Out of 178(100%) patients with
accumulated serous effusion, MEs due to metastatic malignant
cells were detected in 121(68%) patients; this relatively high
percentage was due to increased incidence of malignant cases,
which resulted in the disease being metastasized to different
body cavities, causing MEs. These findings support several
studies that reported that malignant serous effusion commonly
occurs as a secondary manifestation due to the metastatic
involvements of malignant cells from diverse body organs to
different body cavities.(9-11) Also, the present study finds that the
majority of study patients with MEs were females 75(62.0%),
and we assume this is associated with the increased incidence
of breast cancer among Sudanese females. This finding agrees
with a study by Amany et al.,(12) Shalabi et al.,(13) and Abbas
et al.,(14) who concluded that breast cancer continues to be the
most common cancer among women in Sudan, as well as with
Aydogmus et al.(15) and Tremblay et al.,(16) who concluded that
breast cancer is the second most common cause, after lung
cancer, of MPEs, accounting for approximately one-third of
all MPEs.
The present results showed that the accumulation of
malignant serous effusion was detected mainly in the pleural
cavity. Our results agree with other studies conducted by
Antony et al.(17) and Sahn,(18) which elucidate the increased
incidence of malignant serous effusion, especially in the
pleural cavity.

Conclusion
Table/Fig.3. The distribution of the study population by
malignancy and etiology.

Based on this study and review of other studies, it could
be concluded that malignant serous effusion is commonly
seen among patients with malignant tumors; pleural effusions
presented a large proportion, especially among females with
breast cancer. Therefore, more efforts in awareness of breast
cancer should be given to the populations so as to decrease
the late cases, which are represented with malignant effusions.
Thoracentesis and cytological methods (i.e., conventional
smear and cell block technique) should be the first line for the
diagnosis of MPEs, along with confirmatory adjunct techniques
such as immunohistochemistry and immunocytochemistry.
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Abstract
Hereditary hearing loss is the most common sensory neural disorder, which has been revealed to have high genetic
heterogeneity. Herein, we aimed to figure out the underlying genetics of the subject from an Iranian deaf family. Next-generation
sequencing (NGS) of all known hearing loss genes was carried out in the proband of the family, followed by a cosegregation analysis
of all members of the family. We recognized a novel homozygous pathogenic nonsense mutation, NM_001145472: c.1787G>A;
p.W596X, in the LOXHD1 gene, and Sanger sequencing verified that this mutation segregated with the ARNSHL in the family.
Our study showed a contribution of LOXHD1 variants to the NSHL in Iranian patients and provided a better understanding of the
mutation spectrum of deafness in the Iranian population. Also, the present investigation supports the application of genetic testing
in the clinical diagnosis and genetic counseling of deafness.(International Journal of Biomedicine. 2022;12(1):164-166.)
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Introduction
Hearing loss is the most frequent sensory deficit disorder,
accounting for a high prevalence of disability.(1) Hearing loss is
considered as an etiologically heterogeneous sensory disorder
with a prevalence of 1 in 1000 live births around the world.(2)
Based on hearing loss combined with the presence or absence of

anomalies of the external auditory canal, hereditary hearing loss
(HHL) may be divided into a syndromic hearing loss (SHL) and
non-syndromic hearing loss (NSHL).(3) About 70% of HHL
patients may be attributed to NSHL, and 50% of NSHL patients
have Mendelian disease.(4,5) The mode of inheritance of nonsyndromic hereditary hearing loss is classified into autosomal
dominant (AD), autosomal recessive (AR), X-linked, and
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mitochondrial. It is expected that 80% of the inheritance mode
of NSHL is AR (ARNSHL), and the remaining 20% is AD
(ADNSHL).(6,7) Also, in view of the consanguineous marriages’
high rate in the Middle East, ARNSHL is reportedly more
common in some western countries.(8)
At present, more than 60 genes and more than 145
chromosomal loci have been reported in cases affected with
ARNSHL (https://hereditaryhearingloss.org/). The genes
are most frequently implicated in ARNSHL, including
GJB2, SLC26A4, MYO15A, OTOF, and CDH23.(6) Genetic
heterogeneity of disease has been admittedly known as the
most critical challenge in molecular diagnosis of NSHL.
Screening for gene variants with traditional Sanger direct
sequencing is time-consuming and costly.
With the advent of newer specific technologies that
rely on massive parallel such as whole-exome sequencing
(WES) based on next-generation sequencing (NGS), genetic
heterogeneous diseases have become accessible for the
detection of the causative genes and diagnosis.(9)
In the present study, we identified a novel lipoxygenase
homology domain 1 (LOXHD1) c.1787G>A; p.(W596X),
mutation by WES in a consanguineous Iranian pedigree with
HL. To the best of our knowledge, this mutation has not been
observed in any of the mutation databases.
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CNGMD was utilized as the frequency cut-offs. As shown
in Figure 1B, a novel homozygous mutation c.1787G>A
(TGG>TAG) was detected in exon 15 of the LOXHD1 gene,
which was recognized co-segregated with the phenotype in
a consanguineous Iranian family. This variant has not been
described in 1000 Genome and ExAC databases. Based on the
ACMG guidelines, the c.1787G >A mutation is classified as
pathogenic.
To confirm the results, direct Sanger sequencing was
carried out on the DNA of the family members. The results
demonstrated that the affected case was homozygous for this
nonsense mutation, and each of her healthy parents carried a
heterozygous LOXHD1 c.1787G>A (p.W596X) variant.
The nonsense mutation detected in exon 15 of the
LOXHD1 gene (c.1787G>A) leads to the tryptophan stop
codon substitution (Trp596Ter), which was located in the
polycystin-1/lipoxygenase/alpha-toxin (PLAT) 5 domain of
the LOXHD1 protein (Fig. 1C).

Case Presentation
The present study was performed in a consanguineous
Iranian pedigree presenting as autosomal recessive NSHL.
Informed written consent was obtained from the family
members in accordance with the Helsinki Declaration.
The index patient, a 26-year-old female, showed a
recessively NSHL, which was symmetrical bilateral, and
severe degree (Fig. 1A). The proband was further subjected
to clinical examinations of the inner ear accompanied by puretone audiometry (PTA). The probands’ parents had normal
hearing, and no other additional symptoms were complained
by the family members.
In order to find out the pathogenic variant in an Iranian
family, a standard salting-out method was used to obtain
genomic DNA from the peripheral blood samples. Whole
exome sequencing was used to screen mutations from candidate
genes to hereditary deafness in the genomic DNA of the index
patient by Macrogen, Seoul, South Korea. The novel pathogenic
variations were analyzed by the 1000 Genomes Project (https://
www.internationalgenome.org/) and Exome Aggregation
Consortium (ExAC). Only variants with a frequency below 1%
were selected. Finally, the candidate variant was checked in the
Human Gene Mutation Database (HGMD) and Clinvar.
After preliminary recognition of variant by WES,
polymerase chain reaction (PCR) amplification and direct
Sanger sequencing of the detected variant were used for
confirmation of the co-segregation in the studied family.
Also, the identified variant was checked in the healthy control
database for the same ethnic group (Iranome; http://www.
iranome.ir/).
WES was carried out on the genomic DNA from
the proband. A variant rate equal to or less than 0.01 in

Fig.1. (A) Pedigree of family with ARNSHL. The black-solid circle
(IV:1) represents the affected female patient. The mother and father
(III:1 and III:2) are first cousins. (B) Sequence electropherograms
showing homozygous change in the proband and parents as
heterozygous carriers. (C) Zoomed-in view of region containing
the variant. The p.W596X stop mutation is located at the 5th PLAT
domain of the LOXHD1 protein.

Its substitution for a stop codon could result in either a
severely truncated protein or the absence of the LOXHD1
protein secondary to nonsense-mediated decay (NMD).
Multiple orthologous sequence alignment (MSA) around codon
596 showed this, and neighboring amino acids are evolutionarily
highly conserved residues in LOXHD1. In addition, prediction
tools, including SIFT and MutationTaster software, predicted
that this variant is disease-causing. Thus, it is recommended that
the p.W596X residue is important for proper protein function.

Discussion
In the present research, a mutation in the LOXHD1
gene was recognized by targeted WES in an Iranian family.
Mutations in the LOXHD1 gene are the pathogenic cause
for both Fuchs corneal dystrophy (FCD) and ARNSHL
(DFNB77).(10) Patients with FCD usually carry LOXHD1
heterozygous mutations, whereas individuals with DFNB77
usually have homozygous mutations in any domain.(10)
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Until now, about 80 pathogenic mutations of the LOXHD1
have been described in patients with FCD and DFNB77 in
international mutation databases. Ethnic variety of genetic
variance has been described in HL gene LOXHD1.(11) Though,
one of these mutations was identified in the Iranian family.
In the present study on a family with severe HL, one
nonsense homozygous mutation (c. 1787G>A (p.W596X)) in
LOXHD1 was recognized by targeted WES. Subsequently,
Sanger sequencing further confirmed the existence of this
mutation, which revealed co-segregated with HL. The
normal-hearing members in the family were heterozygous for
the detected mutation and no visual problems and vestibular
dysfunction were shown in any of them.
The LOXHD1 gene (NM_001145472), which is located
at 18q12-q21, spans about 35–56 Mb of DNA, and consists of
43 exons. This gene encodes a 2,211-amino acid protein, which
is made up of 15 polycystin /lipoxygenase /alpha-toxin (PLAT)
domains.(12) The LOXHD1 protein function is unclarified though
PLAT domains are predominantly located along the membrane
of hair cell stereocilia and believed to be involved in proteinprotein and protein-lipid interactions, demonstrating its role in
maintaining normal hearing.(12) PLAT domains are approximately
120 amino acids long, form a beta-sandwich including 2 sheets
of 4 strands each, and show to function in plasma membrane
targeting.(13) PLAT domains share structural similarities to
eukaryotic Ca2+-binding C2 domains. Studies recognized
LOXHD1 orthologs in vertebrates, cephalochordates, and
urochordates, but not in arthropods or nematodes.(14)
Protein structure analyses propose that the first 11 PLAT
domains of the LOXHD1 protein are highly conserved from
Danio rerio to humans; mutations in these domains perturb
LOXHD1 and might damage the interactions and destabilize
LOXHD1 protein structure affecting the proper function of the
protein.(15) We, therefore, propose that the W596X mutation,
which damages the 5th PLAT domain, is the cause of the
hearing impairment in our patient.
In conclusion, we successfully recognized a novel and
pathogenic mutation in an Iranian family by the targeted WES.
Our finding shows that this new method is a highly effective
genetic diagnostic technology for this heterogeneous disease.
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