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Abstract

Background: Surgical treatment of massive hepatic formations is an acute problem of operative hepatology, often being
the only way to increase the life expectancy of patients. However, even nowadays, liver surgeries are considered to be traumatic,
high-risk interventions due to the development of a potent body stress response induced by tissue damage, risk of severe intra- and
postoperative complications, and high mortality. High mortality rates, especially after extensive liver resections, are more often
associated with bleeding, bile flow from a liver section with the subsequent development of peritonitis, intoxication, and post-
hepatectomy liver failure. The aim of this study was to perform intraoperative, post-resection prevention of acute liver failure
(ALF) by applying cyanocobalamin in the experiment.

Methods and Results: The study included 96 sexually mature male Wistar rats, which were divided into 4 groups, 24
animals in each group. A conventional 70% hepatectomy was performed on animals of all groups. Prevention of post-hepatectomy
liver failure (PHLF) was not performed in animals of the control group (CG) 1; animals of CG2 received 1 ml of 0.9% sodium
chloride solution that was injected into the preserved hepatic lobes intraoperatively; animals of the experimental group (EG)1
received 10 intrahepatic injections of 0.1 ml of cyanocobalamin (200 pg/ml); animals of EG2 received 1ml of cyanocobalamin
(200 pg/ml) intraperitoneally. The general condition of the animals (activity, appetite), healing time of the postoperative wound,
and weight of the regenerated liver were assessed after the experiment. Biochemical methods included assessment of the indices
of the cytolysis syndrome, cholestatic syndrome, the syndrome of hepatic cell failure, as well as the analysis of oxidative stress
parameter and sevaluation of the expression of transforming growth factor beta (TGF-f).

On Day 5 after hepatic resection, a significant improvement in the general condition of the animals (increased appetite
and activity) was noted in EG1 and EG2. Intraoperative, intrahepatic administration of cyanocobalamin can increase the TGF-3
expression by 2.5-3 times, affecting the proliferative activity of hepatocytes and providing recovery to 96.154+4.31% of the initial
liver weight by Day 14 after hepatectomy

Conclusion: Intraoperative, intrahepatic administration of cyanocobalamin prevents the development of ALF in the early
postoperative period and ensures restoration of the anatomical and functional integrity of the liver. (International Journal of
Biomedicine. 2020;10(3):257-261.)
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ALF, acute liver failure; AST, aspartate aminotransferase; ALT, alanine aminotransferase; ALP, alkaline phosphatase; BUN,
blood urea nitrogen; CB, conjugated bilirubin; Cr, creatinine; GGTP, gamma-glutamyl transpeptidase; GL, glucose; GPx,
glutathione peroxidase; HDL, high density lipoprotein; LDL, low density lipoprotein; MDA, malondialdegyde; PHLF, post-
hepatectomy liver failure; SOD, superoxide dismutase; TBIL, total bilirubin; TC, total cholesterol; TP, total protein; Tg,
thyroglobulin; TGF-B, transforming growth factor beta; VLDL, very LDL.
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Introduction

Surgical treatment of massive hepatic formations is an
acute problem of operative hepatology, often being the only
way to increase the life expectancy of patients.(" Laparoscopic
technologies in hepatology are advancing at a slower rate than
surgical technologies of other abdominal organs, since the
large size and localization features of the liver do not always
allow for a full laparoscopic examination of its surface and
impede free instrumental access, especially to the posterior
segments. Thus, an open liver resection remains the main
surgical option.” An anatomical liver resection still appears
to be the common method of radical treatment for patients
with focal liver formations.® However, even nowadays,
liver surgeries are considered to be traumatic, high-risk
interventions due to the development of a potent body stress
response induced by tissue damage, risk of severe intra- and
postoperative complications (6%—-36%), and high mortality
even in patients who do not have structural and functional liver
disorders.(** High mortality rates, especially after extensive
liver resections, are more often associated with bleeding, bile
flow from a liver section with the subsequent development of
peritonitis, intoxication, and PHLF.® To date, PHLF develops
in 32%-60% of cases.®” A significant increase in the risk of
developing fatal PHLF is manifested in patients with chronic
organ diseases who are subjected to a resection of 60% or
more of the functioning parenchyma, as well as in patients
with intact parenchyma who are subjected to a resection of
75%—-80% of the organ.©®

The risk of developing ALF is due to several factors.
First of all, ALF is a functional insufficiency of the remaining
section of the liver parenchyma often resulting from initial
dystrophic or cirrhotic changes. Hypoxia, which can be
circulatory (due to ischemia caused by compression of the
hepatoduodenal ligament — the Pringle maneuver), hemic (due
to massive blood loss), or mixed, appears to be the risk factor
of greatest importance.

For the prevention and treatment of ALF, various
drugs with hepatoprotective properties are widely used in the
scheme of pre- and postoperative infusion therapy, many of
them including cyanocobalamin.® However, currently, there
is no single approach to reducing the risk of ALF development
in the early postoperative period by activating hepatocyte
proliferation.

The aim of this study was to perform intraoperative,
post-resection prevention of ALF by applying cyanocobalamin
in the experiment.

Materials and Methods

The study included 96 sexually mature male Wistar rats,
which were divided into 4 groups, 24 animals in each group. A
conventional 70% hepatectomy was performed on animals of
all groups, according to the model suggested by G. Higgins.®
The operation was performed under intramuscular anesthesia
using the anesthetic Zoetil-100 at a dose of 8 mc/kg in aseptic
conditions. An oblique hypochondrium incision from the top
of the xiphoid process to the free edge of the 11" rib was used

as a surgical access. The removed lobes were mobilized by
crossing the venous ligament. The previously isolated vascular
pedicle was ligated with suturing ligature. The left and medial
lobes of the liver were cut off above the level of the sutured
ligature. Prevention of PHLF was not performed in animals of
the control group (CG) 1; animals of CG2 received 1ml 0f 0.9%
sodium chloride solution that was injected into the preserved
hepatic lobes intraoperatively; animals of the experimental
group (EG)I received 10 intrahepatic injections of 0.1ml of
cyanocobalamin (200 pg/ml) (certificate of acceptance No.
2019113614 of 05/06/2019); animals of EG2 received 1ml
of cyanocobalamin (200pg/ml) intraperitoneally. The wound
was sutured in layers: the muscles were sutured with simple
locking stiches; the skin was sutured with simple interrupted
stitches. Polyhydroxy Acetyl suturing material was applied at
all stages of the experiment. The animals were removed from
the experiment on Days 1, 5, 7 and 14 after the intervention.

The general condition of the animals (activity, appetite),
healing time of the postoperative wound, and weight of the
regenerated liver were assessed after the experiment. The
weight of the regenerated liver was calculated using the
formula: M, . =M x3/2. Biochemical methods included
assessment of the blood levels of AST, ALT, TBIL, CB, ALP,
GGTP, TC, TP, HDL, LDL, VLDL, Tg, GL, Cr, BUN, GPx,
SOD, MDA, and TGF-f.

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. 7081 of
23.08.2010).

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 meantstandard deviation (SD) and median (Me).
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. A probability value of
P<0.05 was considered statistically significant.

Results and Discussion

The general condition of the animals in all experimental
groups on Day 1 after the operation was specified as a state of
moderate severity; there was a lack of appetite and a pronounced
decrease in activity. Compared to the initial parameters, the
liver weight was 32.44+3.01% in CGl, 35.16+2.86% in
CG2, 35.01£3.12% in EGI1, and 38.41+4.05% in EG2. On
Day 5 after hepatic resection, a significant improvement
in the general condition of the animals (increased appetite
and activity) was noted in EGl and EG2; the animals of
CG1 and CG2 remained inactive and their appetite did not
increase significantly. Compared to the initial parameters,
the liver weight was 41.87+2.43% in CGl, 44.11£3.80% in
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CQG2, 59.45+3.48% in EGI, and 52.05+2.13% in EG2. On
Day 7 of the study, the general condition of the animals of
all experimental groups was specified as close to satisfactory;
their appetite and activity were not reduced. Complete healing
of the postoperative wound was observed; the sutures were
removed. Compared to the initial parameters, the liver weight
was 64.15+£3.07% in CG1, 70.184+2.46% in CG2, 88.56+4.02%
in EG1, and 77.34+3.43% in EG2. On Day 14 of the study, the
general condition of the animals that underwent the operation
in all experimental groups did not differ from the state of
intact animals. Almost complete restoration of the animals’
hair was noted at the site of the postoperative scar. Compared
to the initial parameters, the liver weight was 82.04+3.48%
in CGl, 80.54+4.01% in CG2, 96.15+4.31% in EGI, and
87.09+3.91% in EG2.

When assessing indicators of the blood biochemical
tests, the cytolysis syndrome was the most pronounced
from Day 1 to Day 7 of the study. By Day 14, there were no
symptoms of cytolysis in animals of all experimental groups

(Fig.1).
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Fig. 1. Dynamics of indicators of the cytolysis syndrome, %

On Day 1 after hepatic resection, in all groups of animals,
indices of cholestatic syndrome significantly exceeded
the indices of intact animals. On Day 5 of the experiment,
indicators of cholestatic syndrome decreased insignificantly.
It should be noted that the increase in TBIL in animals of all
groups occurred mainly due to CB, which is associated with a
decrease in the functional capabilities of the hepatocytes of the
resected liver. The absence of a significant increase in un-CB in
the blood of animals excludes the presence of necrosis of liver
cells and entry of bilirubin glucuronide into the bloodstream.
On Day 7 after the operation in animals of EGI, the levels
of ALP and GGTPs were normalized. On Day 14 after the
operation, the indicators of cholestatic syndrome slightly
exceeded normal parameters in animals of CG1 (Fig.2). The
TC level in animals of CG1, CG2 and EG2 was lower than
parameters of intact animals throughout the experiment. It
should be noted that in animals of EG1, the TC level returned
to normal value on Day 7 after the operation (Fig.2).

When assessing the syndrome of hepatic cell failure,
there was a significant decrease in parameters characterizing
the synthetic (TP, lipid profile), metabolic (GL) and

detoxification (Cr, BUN) functions of the liver in all groups of
animals on Day 1 after hepatic resection. On Day 5, the protein-
synthetic function was reduced. The TC level was reduced
in all groups of animals, while there was also a decrease in
the levels of HDL, LDL, VLDL and Tg, which evidenced
damage to the synthetic and energy liver functions. It should
be noted that the decrease in TC might also be associated with
the presence of B-muricholic acid in rats; this contributes to
the rapid excretion of the excess cholesterol from the body.
An increase in the level of blood GL is manifested due to a
decrease in glucokinase activity in the first days after surgery,
and as a result, damage to carbohydrate metabolism. On Day
5 of the study, a decrease in detoxification liver function was
observed in all groups of animals. Compared to parameters of
intact animals, on Day 7 after hepatic resection, parameters of
lipid profile, GL, Cr, and BUN parameters were normalized
in EG1 animals. On Day 14 of the study, parameters of Cr
and BUN were normalized in animals of CG1, CG2 and EG2.
In animals of EG1, only one parameter differed from that of
intact animals — TP level decreased by 7.05+1.18% (Table 1).
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Fig. 2. Dynamics of indicators of the cholestatic syndrome, %

The biochemical study demonstrated that the highest
severity of the cytolytic syndrome was from Day | to Day
5 after hepatic resection, a fact associated not only with
intraoperative damage to the liver tissue, but also with the
activation of apoptosis of damaged cells in the first days of
the postoperative period. With intrahepatic and intraperitoneal
administration of cyanocobalamin, cytolysis indices were
normalized on Day 7 of the experiment, compared to the
control groups. This normalization was associated with the
restoration of the morphological structure of hepatocytes,
membrane integrity and total liver weight. Cholestatic
syndrome was more pronounced on Day 1 after hepatic
resection. In animals of EGI, the levels of ALP, GGTP,
and TC were normalized on Day 7 of the experiment; in
animals of the other groups these parameters differed from
the norm. A similar picture was observed on Day 14 after
the operation. The results obtained were associated with
severe functional liver failure in the postoperative period
since in animals of EG1 the largest restoration of the initial
liver weight was observed (88.56+4.02%) on Day 7 of the
study, and abnormality of blood biochemical parameters was
compensated. Hepatic cell failure syndrome was the most
pronounced from Day 1 to Day 5 after the operation: the
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synthetic, metabolic and detoxification functions of the liver
decreased. Almost complete restoration of functional activity
and normalization of parameters was observed by Day 14 in
EGI1 animals, which was associated with the restoration of
96.15+4.31% of the initial liver weight. A prolonged decrease
in protein-synthetic function is explained by pronounced
reparative processes and high activity of mitotic divisions of
hepatocytes, and an increase in the liver size. The pronounced
proliferative activity of liver cells requires significant reserves
of energy and building material; due to this fact, restoration
and accumulation of protein in the body is slow.

Table 1.

Dynamics of indicators of the syndrome of hepatic cell failure (a
deviation from the indicators of intact animals, %)
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On Day 7, this parameter decreased insignificantly. On Day
14 after surgery, the TGF-B level constituted 2340.74+81.12
pg/mlin CG1, 2107.45+107.48 pg/ml in CG2, 2537.46+78.40
pg/ml in EGI1, and 2441.12492.12 pg/ml in EG2 (Fig.3).
Thus, the maximum TGF-f value was registered in animals
of EGI. The result obtained indicates that the intrahepatic
administration of cyanocobalamin activated the proliferative
activity of hepatocytes. The suggested method contributes to
the increased TGF-f expression, and, at the same time, does
not interrupt physiological norms of its maximum activity.
A significant TGF-B increase contributes to the most rapid
restoration of the initial liver weight in animals of EG1 (up
to 96.15+4.31% by Day 14 of the experiment), and results in
restoration of the normal functional activity of the liver.

Time |Indices] CG1 CG2 EG1 EG2 Table 2.
Cr |11.04+1.14|14.05+1.48%| 7.49+£0.79% | 10.21%1.17 Dynamics of oxidative stress parameters
TP [44.27+5.12| 38.04+4.71 [31.28+4.18%(31.35+3.91* Time | Indices|  CG1 caz EGI EG2
Day 5
BIN |14.11£1.05| 16.18+1.50 |10.16+1.05%| 14.111.48 3531 10.80£0.24| 9.02+0.15 |13.20£1.18%*| 9.051.10
GL [21.01£3.02| 26.11+2.47 | 20.48+1.74 | 26.45+3.11 GPx
Day5 | =% 10.2120.07 | 027+0.11 | 0.3620.18* | 0.210.07
Cr |8.47+0.58 | 8.40+1.42 N 5.46+0.72* pg/m
TP |31.16+2.14(26.01:£2.42%(18.98+4.16%[23 48+2.18* nl\fn?(ﬁ/’l 16.36:1.18| 18.97+1.24| 11.71£0.89%| 14.27+1.05
Day 7
YU IBIN [10.12+1.41] 9.48+1.15 N 9.79+1.58 oD
+ 112.2541.08|14.00+1.11 [17.14+1.24%(13.11£1.01*
GL [20.0143.14| 16.12+2.00 N 14.56+2.08%* pg/ml
Cr N N N N Day 7 pc'gl/’r’l‘ﬁ 0.28+0.05 | 0.28+0.08 | 0.39+0.14* | 0.21=0.09*
v 14 TP [20.28+£2.10| 18.47+1.14 | 7.05£1.18* |12.04=1.49% MDA
ay 5 * ES
BIN N N N N oyt | 14:21£1.07| 16 21:£1.36| 7.84:0.58* |11.46+1.12
GL |14.11£1.57| 10.26£2.61 N 8.06£0.084* SOD N N N N
Note: *-P<0.05 in comparison with CG1; N — Normal (indicators of Day 14 GPx N N N N
intact animals)
MDA N N N N

An assessment of oxidative stress parameters showed an
increase in the antioxidant content on Day 5 of the study in
animals of all groups. Thus, the most pronounced activation of
the protective enzymatic system was observed in EG1, which
was also supported by the results of a biochemical blood test on
Day 5 of the experiment (the significantly decreased cytolytic
syndrome parameters and damage to hepatocytes in comparison
with the control groups); on Day 7, the mentioned parameters
increased. Based on the results obtained, it can be noted that
due to the activation of the enzymatic antioxidant system, the
content of MDA decreased, the lowest value of which was
obtained in animals of EG1. The results demonstrated that
cytolytic syndrome parameters were normalized in animals of
EG1 by Day 7 after hepatic resection; this fact evidences the
complete compensation of oxidative stress after surgery and
restoration of the cell membrane integrity. On Day 14 of the
study, the levels of SOD, GPx, and MDA were similar to the
parameters of intact animals in both experimental and control
groups (Table 2).

Studying the cyfokine content, we found a significant
increase in TGF-f in animals of EG1 on Day 1 after surgery.

Note: *-P<0.05 in comparison with CG1; N — Normal (indicators of
intact animals)
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Thus, the method suggested for prevention of the
post-resection ALF using intraoperative administration of
cyanocobalamin reduces the time necessary for postoperative,
reparative liver regeneration. The intrahepatic method of drug
administration appears to be the most optimal, since it has
demonstrated the highest pharmacological efficacy compared
with intraperitoneal drug administration. Intraoperative,
intrahepatic administration of cyanocobalamin can increase
the TGF-p expression by 2.5-3 times, affecting the proliferative
activity of hepatocytes and providing recovery to 96.15+4.31%
of the initial liver weight by Day 14 after hepatectomy.
Intrahepatic administration of cyanocobalamin results in
activation of the antioxidant enzymatic defense system; this
allows avoiding lipid peroxidation of cell membranes and
reducing the severity of the cytolytic syndrome. The suggested
method of administration does not cause cholestasis and
contributes to the almost complete restoration of the synthetic,
metabolic and detoxification functions of the liver by Day 7
after the operation.

Thus, intraoperative, intrahepatic administration of
cyanocobalamin prevents the development of ALF in the early
postoperative period and ensures restoration of the anatomical
and functional integrity of the liver.
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