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Abstract
The article presents a morphological evaluation of the effectiveness of the use of silver sulfathiazole (SST) in the local
treatment of trophic ulcers in patients with diabetic foot syndrome (DFS). It has been shown that the use of SST in local therapy
in DFS patients can improve the course of the wound process and stimulate regeneration processes. The quantitative discrepancies
that were found in the expression levels of CD68+ macrophages, depending on the nature of the local therapy in DFS patients, are
a diagnostic criterion for the clinical efficacy of using SST in the complex treatment of this category of patients.(International
Journal of Biomedicine. 2022;12(3):404-408.).
Keywords: diabetic foot syndrome • trophic ulcer • silver sulfathiazole
For citation: Kalinichenko AP, Hryvenko SH, Umerov EE, Uzbekova LD, Usmanova TE, Izosimov VV. The Morphological
Rationality for the Expediency of Topical Application of Silver Sulfathiazole in Patients with Diabetic Foot Syndrome. International
Journal of Biomedicine. 2022;12(3):404-408. doi:10.21103/Article12(3)_OA10

Abbreviations
CMA, coefficient of macrophage activity; DFS, diabetic foot syndrome; FAMs, functionally active macrophages; IHC,
immunohistochemistry; LFMs, low functional macrophages; SST, silver sulfathiazole; TU, trophic ulcer.

Introduction
According to the International Diabetes Federation,
diabetes mellitus and its consequences are the most important
global cause of morbidity and mortality in the population.(1)
One of the serious and most common complications of this
disease is (diabetic foot syndrome) DFS, which is diagnosed in
almost 25% of patients in this category. DFS leads to disability
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for patients, a decrease in their quality of life, prolonged
hospitalization, significant financial costs, amputations of the
lower extremities, and high mortality.(2-4) One of the important
goals of the study of DFS was to establish the features of the
development and course of the wound process.(5) However,
the process of wound healing in DFS is extremely complex
and not fully understood. Macrophages play an important role
in the wound process. These are one of the key participants
in cellular repair, since they are involved in wound cleansing
and the production of a large number of cytokines and growth
factors, and they also affect the content of the extracellular
matrix and its remodeling.(6,7) It has been shown that a change
in the macrophage response is an important pathogenetic
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factor in the development of dysregenerative conditions in
ischemic(8) and venous trophic ulcers.(9,10) Understanding the
repair mechanisms will help in finding ways to treat patients
with DFS and will significantly improve the prognosis in
this group of patients.(11) In this regard, the search for new,
more effective methods having a multifactorial effect on
the local treatment of purulent wounds remains relevant.
One of these areas is the use of silver sulfathiazole SST. Its
positive influence on the course of the wound process has
been recognized by many authors.(12-15) However, its effect on
morphological changes in tissues has not been studied enough
and needs further research.
The purpose of the study was to evaluate the
morphological characteristics of the intensity of reparative
processes in trophic ulcers of the lower extremities in patients
with DFS, in the local treatment with SST.

Materials and Methods
The object of this study was biopsy specimens of
the marginal zone of wounds of 124 patients with various
forms of DFS who were treated (2019-2021) in the surgical
department at the Simferopol Clinical Emergency Hospital
No. 6. Depending on the local treatment of DFS, patients
were divided by simple randomization into two groups,
similar in age, in the severity of diabetes, in manifestations
of trophic lesions of the lower extremities, and in the nature
of comorbidities. Group 1 included 62 patients who received
conventional complex of conservative and surgical therapeutic
measures. Group 2 included 62 people in whom the complex
of therapeutic measures was supplemented by the use of SST
for local treatment. During the operation, wound tissues were
excised from the superficial and deep layers of the ulcer for
morphological examination.
Selected tissues were fixed in 10% neutral formalin for
10 days. Then the preparation was dehydrated and embedded
into a mixture of paraffin and beeswax at a temperature not
exceeding 56°C. Tissue sections with a thickness of 4±1µm
were made on a microtome and placed on glass slides. The
resulting sections were stained with H&E.(16) Biopsies were
examined at the time of admission, and on Days 7 and 14 after
the start of treatment. As a control, healthy skin of deceased
patients without vascular pathology and ulcerative defects of
the lower extremities (n=5) was examined.
IHC analysis of tissue samples was performed
according to a standardized method.(17) Tissue blocks were
sectioned approximately 3-5µm in thickness and mounted on
an adhesive glass slide (Menzel Gläser, Polysine, Germany).
For IHC, the EnVision FLEX+, Mouse, High pH (Code No.
K8012, Dako Denmark), a very-high-sensitivity visualization
system, was used together with Autostainer Link instruments.
The intensity of staining and distribution of CD68+ cells, their
quantity, quality, localization, and nature of interaction with
other structural elements were assessed.
In total, immunohistochemical analysis was performed
in 12 cases in both clinical groups: 6 patients in Group 1 and
6 patients in Group 2. To conduct a morphometric study, the
software program DP SOFT was used.

405

The statistical analysis was performed using the
statistical software Microsoft Excel 2010. The mean (M)
and standard error of the mean (SEM) were calculated. The
Mann-Whitney U Test was used to compare the differences
between the two independent groups (for nonparametric data).
The Wilcoxon criterion was used to compare the differences
between the paired samples. A probability value of P≤0.05
was considered statistically significant.
The study protocol was reviewed and approved by the
Ethics Committee of the Medical Academy named after S.I.
Georgievsky of Vernadsky CFU. Written informed consent
was obtained from all patients before inclusion in the study.

Results and Discussion
Upon admission, both groups were diagnosed with
an exudation phase with a large number of neutrophils and
macrophages in the inflammatory infiltrate, and severe
hemodynamic disorders. Destructive phenomena were due to
impaired microcirculation and vascular permeability, leading
to the development of severe edema and secondary alteration
by neutrophils (Figure 1).

Fig.1. The edge of the trophic ulcer at the
start of the study (at admission). H&E
Staining. 20× magnification

IHC allowed isolation of the different types of
macrophages by shape, size, and CD68+ expression intensity.
Small macrophages had an elongated shape, in the cytoplasm
of which brown granules were visualized. Such cells were
characterized as low functional macrophages (LFMs) with
weak CD68 expression (Figure 2).

Fig.2. Expression of CD68 in the area
of the epidermal-dermal border at the
TU edges at the start of the study (at
admission). IHC. 40× magnification

Another generation of macrophages was much larger,
had a round or oval shape, and was characterized by the
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presence of processes. Dust-like granularity in these cells was
pronounced, spreading diffusely in their cytoplasm. These
cells were characterized as functionally active macrophages
(FAMs) with a high CD68 expression. Additionally, we
determined the coefficient of macrophage activity (CMA),
according to the formula: CMA=FAMs/LFMs.
The nature and number of CD68+ macrophages (by
IHC) in DFS patients are shown in Table 1. At admission, in
all patients with DFS, the total pool of CD68+ cells exceeded
the control values by 8.23 times (83.49±6.09 vs. 10.14±0.79,
P<0.01). At the same time, LFMs prevailed, the number
of which exceeded the control indicators by 14.02 times
(70.66±5.37 vs. 5.04±0.39, P<0.01). The amount of FAMs
also exceeded the control values by 2.51 times (12.83±0.96
vs. 5.10±0.41, P<0.01). CMA was 0.18±0.01 and 5.61 times
lower than the normal values (1.01±0.08), P<0.01.
Table 1.
The nature and number of CD68+macrophages (by IHC) in DFS
patients at admission.
CD68+ cells

DFS patients

P-value

Control

Total pool

83.49±6.09

<0.01

10.14±0.79

FAMs

12.83±0.96

<0.01

5.10±0.41

LFMs

70.66±5.37

<0.01

5.04±0.39

CMA

0.18±0.01

<0.01

1.01±0.08

On Day 7, edema, cellular infiltration, and microcirculatory disorders had decreased in Group 1. Foci of
destruction and lysis of the newly formed epithelium
appeared, which were not observed in the usual wound
process. The formation of granulation tissue was due to
unformed connective tissue without the formation of classical
granulations. Fibroblasts with basophilic cytoplasm and
hypertrophied nuclei appeared in the granulation tissue, and
new capillaries had formed. In Group 2, the inflammatory
response also decreased, and lymphocytes and macrophages
predominated in the infiltrate. Single, giant multinucleated
cells appeared. Tissue detritus was resorbed. Young collagen
fibers were formed. The tissue edema decreased, and the
extracellular matrix began to form, which indicated the
transition from the inflammation phase to the proliferation
phase.
On Day 7 (Table 2), in the skin of the marginal zone
of chronic wounds in patients of Group 1, the total number
of CD68+ macrophages had changed slightly (80.12±6.09),
but the number of FAMs had increased in their composition
(21.22±1.66), although the amount of LFMs remained
predominant (58.90±4.18), especially in foci of granulation
tissue. At the same time, CMA had increased up to 0.36±0.028.
In Group 2, compared to the initial data and Group 1, the total
amount of CD68+ macrophages was reduced (52.07±4.01
vs. 80.12±6.09 (Group 1), P<0.01), and LFMs remained
predominant (34.14±2.63); CMA had increased up to 0.53±0.04
and was greater than in Group 1(0.36±0.028), P<0.01

Table 2.
The nature and number of CD68+macrophages (by IHC) in DFS
patients on Day 7 after the start of treatment.
CD68+ cells

Group 1

P1-2

Group 2

Control

Total pool

80.12±6.09* <0.01 52.07±4.01* 10.14±0.79

FAMs

21.22±1.66* <0.05 17. 93±1.43* 5.10±0.41

LFMs

58.90±4.18* <0.01 34.14±2.63* 5.04±0.39

CMA

0.36±0.028* <0.01 0.53±0.04* 1.01±0.08

* – P<0.01 between Control and Groups 1 and 2

On Day 14, in Group 1, the amount of amorphous
substance had decreased, and the number of cellular elements,
mainly fibroblasts, had increased. Collagen fibers formed a
finely looped network of fibrous tissue, displacing cellular
elements. Inflammatory infiltration and uneven tissue edema
persisted (Figure 3). Focal accumulations of polynuclear
cells and small abscesses were detected. In Group 2, formed
granulation tissue was visualized, and pronounced signs of
epithelialization had appeared. The intercellular matrix was
replaced by fibrous connective tissue. Some of the capillaries
were obliterated, and the perivascular stroma was thickened.
Stasis, agglutination of erythrocytes, and microthrombosis
were found occasionally, indicating a significant improvement
in hemodynamics. As a result, edema in the dermis and
hypodermis was mild. Cellular infiltration was uneven due to
a decrease in the number of polynuclear cells and an increase
in the population of histiocytes and lymphocytes. Areas of
maturing vascularized connective tissue appeared. All of
this indicated the transition of the process to the phase of
epithelialization (Figure 4).

Fig. 3. Group 1. Regeneration
of the epidermis in the area of
the former TU on Day 14 of
local treatment. Fibrosis of the
dermis. Scattered diffuse and
perivascular lymphohistiocytic
infiltration of the dermis. H&E
Staining. 10× magnification.

Fig. 4. Group 2. Regeneration
of the epidermis in the area of
the former TU on Day 14 of
local treatment. Perivascular
lymphohistiocytic
infiltrate
and hemosiderin clumps. H&E
Staining. 20× magnification.

On Day 14 (Table 3) in Group 1, the total pool of
CD68+macrophages in the dermal infiltrate, as well as in
the foci of granulation tissue, had continued to decrease up
to 63.04±4.54, while the number of FAMs and LFMs was
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22.98±1.70 and 40.06±1.32, respectively. Moreover, they
were localized in association with lymphoid cells (Figure
5). CMA had increased significantly, compared to Day 7
(0.57±0.05 vs. 0.36±0.028, P<0.05). In all studied biopsy
specimens in Group 2, the total pool of CD68+ macrophages
in the dermal infiltrate, as well as in the foci of granulation
tissue, had continued to decrease (50.04±3.85), while the
number of FAMs and LFMs was 19.96±1.66 and 30.08±2.41,
respectively. CAM in Group 2 had not significantly increased,
compared to Day 7 (0.66±0.05 vs. 0.53±0.04, P>0.05).
Table 3.
The nature and number of CD68+ macrophages (by IHC) in DFS
patients on Day 14 after the start of treatment.
CD68+ cells

Group 1

P1-2

Group 2

Control

Total pool

63.04±4.54* <0.01 50.04±3.85* 10.14±0.79

FAMs

22.98±1.70* >0.05 19.96±1.66* 5.10±0.41

LFMs

40.06±1.32* <0.01 30.08±2.41* 5.04±0.39

CMA

0.57±0.05*

<0.05

0.66±0.05*

1.01±0.08

* – P<0.01 between Control and Groups 1 and 2
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reparative relationships. The use of silver sulfathiazole
in the complex local therapy for diabetic foot syndrome
revealed a lower range of expression intensity of CD68+
macrophages (by IHC) in the dermal infiltrate and foci of
granulation tissue, which fully correlates with the data on the
clinical effectiveness of silver sulfathiazole.(9-12) In addition,
a stable increase in CAM in the dermal infiltrate and foci of
granulation tissue with its gradual approach to the level of
1.0 indicated a favorable course of repair processes.

Conclusion
The use of silver sulfathiazole can improve the course
of the wound process and stimulate regeneration processes,
which can reduce the duration of treatment. The revealed
features of the expression of CD68+ macrophages, depending
on the nature of the local therapy used, are a morphological
criterion for the clinical effectiveness of the use of silver
sulfathiazole in the complex treatment of patients with diabetic
foot syndrome.
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Fig. 5. Group 1. Expression of CD68
in the focus of granulation tissue on
Day 14 of local treatment. IHC. 40×
magnification.

Thus, according to IHC, it was found that diabetic
foot syndrome is characterized by widespread macrophage
infiltration, which, with local therapy, reduces the expression
of CD68, but this process is slow and is characterized by
a prolonged course. The results of our study indicate that
the use of silver sulfathiazole reduces the manifestations of
inflammatory changes, improves the microhemodynamics
in wounds, and accelerates the organization of the
extracellular matrix, optimizing the regenerative process
and the formation of granulation tissue. Based on the
literature and our own data, we can conclude that a whole
complex of processes plays a key role in the pathogenesis
of DFS formation, which, in combination with infiltration
of CD68+ macrophages, leads to secondary alteration and
disrupts vascularization and tissue innervation. The result
of this is chronic inflammation, ineffective and excessive
proliferation of fibroblasts with a violation of resorption-
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