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This paper offers a view at an experimental assessment of the effectiveness of combined hepatoprotective therapy
employed for alcoholic liver damage treatment using sulfur-containing drugs. The study involved five groups of rats: Group
1 — intact rats; Group 2 — animals subjected to alcoholism for two months, with no correction carried out; Groups 3, 4 and
5 were rats that were given ademetionine (10 mg/100 g/day), lipoic acid (10 mg/100 g/day) and combined, respecti-
vely.

The studies showed that the AST and LDH activity in the animals’ blood plasma in Group 5 was 16 % and 42 % below
similar indicators of Group 2 only, yet also statistically reliably lower than the values of similar indicators in the animals in
Groups 3 and 4. Combined use of ademetionine and lipoic acid came along with relatively low values of the total antioxidant
activity, which was 32-40 % below that in control. Yet, it allowed the weakest levels of product accumulation to be arrived at
through oxidative modifications of biomolecules.

The level of thiobarbituric acid reactive substances (TBA-reactive substances) measured in the blood of rats in
Group 5 was 46 % lower than the corresponding marker value in Group 2 and 36-40 % lower than the values of similar
indicators measured in the animals belonging to Group 3 and 4. The obtained data proved a higher efficiency of combined
hepatoprotective therapy involving ademetionine and lipoic acid than monotherapy using respective drugs.
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M3yveHa adPeKTUBHOCTb KOMOMHMPOBAHHOW renaTtonpoTEKTOPHOM Tepanuu ankorosbHOro NMoBPEXAEHUS NEYeHn C
MCMNOJIb30BAHMEM CEPOCOAEPXKALLMX NpenapaToB B akcnepumeHTe. MiccnenosaHne 6bi10 NMPOBEAEHO HA 5 rpynnax KpbiC:
1 rpynna — MHTaKTHbIE KPbIChI; 2 Fpynna — XWBOTHble Ha GOHe ankoronn3auumn B TedeHne 2 mecsueB 6e3 KoppekLuuu;
Kpbicbl B 3, 4 1 5 rpynnax B yCNoBMW ankoronuaaumu nonydanu agemetmoHuH (10 mr/100 r/cyTkn), NTMMNOeByO KUCOTY
(10 mr/100 r/cyTkn) 1 KOMOMHUPOBAHHYIO TEPanuUI0 COOTBETCTBEHHO.

YcTaHoBneHo, 4to aktneHocTb ACT 1 JIAIN B nnasme KpoBUM XUBOTHLIX 5-1 rpynnbl 6bin1a Ha 16 % 1 42 % Huke He TOJIbKO
3HAYeHW nokasatenenm 2-n rpynnbl, HO Takke CTaTUCTUYECKM 3HAYNUMO HMXE 3HAYEHWUI aHAIOMMYHbIX NOKasaTenen KpbliC
3-4-11 rpynn. KOMOGUHNPOBaAHHOE MCMOJIb30BaHWE afeMeTUOHMHA U IMNOEBON KMUCIOTbl CONMPOBOXAAN0Ch CPaBHUTENBHO
HU3KNMW 3HAYEHUSAMM 0OLLEN aHTUOKCUOAHTHOM akTUBHOCTU, KOTOpas Obiiia Huxe KoHTponsa Ha 32-40 %, ogHaKko rno3BoJis-
10 L06UTLCA Hanbonee HU3KOro YPOBHS HAKOMIEHNS MPOAYKTOB OKMCANTENbHbLIX MOaMbUKaLmin Guomonekyn. Tak, ypoBeHb
TBK-peakTUBHbLIX NPOAYKTOB B KPOBU KpbIC 5-1 rpynnbl 661 Ha 46 % HuXe 3Ha4YeHUsi COOTBETCTBYIOLLLErO0 MapKepa KpbIC
2-n rpynnbl, a Takke Ha 36—40 % HuXe 3HaYeHMIN aHANOMMYHbIX NoKa3aTenen XUBOTHbIX 3-1 1 4-1 rpynn.

Takmm 06pasom, NosyvyeHHble AaHHbIE Nokasanu 6onee BbICOKY0 3PPEKTUBHOCTL KOMOUHUPOBAHHOW renaTtonpoTek-
TOPHOWM Tepanuu ¢ UCMOJIb30BaHNEM afEMETUOHMNHA U IMNOEBOWN KNCAOTbl B CPABHEHUM C MOHOTepanuen COOTBETCTBYIO-
WM NpenapaTtamm.

KnoyeBbie c/i0Ba: 3TaHOJI, aJKoroJibHbIi renatuT, aHTUOKCUAAHTHI, renartoripoTeKkTops.l, Jinrnoesas Kknucsorta, agemMeTn-
OHWH
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ABTS - 2,2'-azino-bis-(3-ethylbenzthiosoline-6-sulfonic acid)
ALT - alanine aminotransferase

AST - aspartate aminotransferase

FRAP - ferric-reducing ability of plasma

LDH - lactate dehydrogenase
TAOA - total antioxidant activity
TBA - thiobarbituric acid

of the most urgent medical & social problems

faced by healthcare due to a high mortality rate
affecting the capable population. As the Russian Sta-
tistics Agency reports in its Healthcare in Russia —
2023 accounts (published late December), the past
decade witnessed an unprecedented fact — a growth
in the number of cases where the alcohol depen-
dence diagnosis was set. Reports are claiming that
the number of patients with severe dependence (alco-
holic psychosis) has gone up sharply in recent years
[1]. Excessive alcohol consumption results in syste-
mic intoxication and triggers a whole set of changes
affecting nearly all of the body organs. At the same
time, the liver is specifically susceptible, with ace-
taldehyde and acetic acid formed through alcohol
dehydrogenase and the microsomal ethanol oxidi-
zing system [2]. Given this, the functional status of
the said organ has a significant role in the pathoge-
nesis of acute and chronic alcoholism manifestations.
40 % to 80 % of all liver cirrhosis cases develop due
to nothing else but damage caused by alcohol. In the
pool of patients suffering from liver pathology, the le-
thality rate of liver cirrhosis originating from alcohol
damage goes up as high as 44 % [3]. Research data
proves that mechanisms like Kupfer cell activation,
formation of free radicals and fungal and bacterial
microbiome change significantly enhance ethanol’s
damaging effect on the liver. Liver damage progress
results from lipids accumulating in its cells [4].

Many hepatoprotections have been proposed
to prevent and treat liver damage. In contrast, the
effectiveness of such protectors is often associated with
the capacity to neutralize reactive oxygen species and
stimulate the body’s immune response under stress. One
of the hepatoprotective agents proposed is lipoic acid,
which features severe antioxidant properties due to 2 thiol
groups and can get involved in the homeostasis redox
regulation and the regulation of lipids and carbohydrates
oxidation [5, 6].

Experimental and clinical studies suggest the potential
use of lipoic acid in the treatment of fatty liver disease
of non-alcoholic origin, as well as in the comprehensive
detoxification scheme for alcohol intoxication [7]. There
is evidence available that points to a positive effect that
lipoic acid can work on the antioxidant activity of blood
plasma in chronic alcohol intoxication.

However, the thioctic acid preparation had no
significant effect on hepatocyte cytolysis, even under the
same experimental conditions. Within the experiment,
ademetionine, if compared with lipoic acid, revealed
a more obvious hepatoprotective effect, yet a less
pronounced antioxidant one.

Studies carried out in clinical settings and aimed
at identifying the specific features of the effect that
hepatoprotective agents with different mechanisms
of action (remaxol, ademetionine, ursodeoxycholic
acid) deliver to hepatocyte cytolysis and oxidative
homeostasis in patients with alcoholic hepatitis, revealed
no predominant effect of any of the hepatoprotective [8,
9]. This means that the experimental data concerning
the effectiveness of S-containing drugs used in a
comprehensive complex treatment mode to treat chronic
alcohol intoxication are ambiguous. In contrast, data

Alcohol abuse is a global issue that remains one

obtained through randomized clinical trials tend to offer
even less reliable results.

There is particular interest to be taken in further
assessment of the effect that hepatoprotective drugs
have on pathobiochemical changes and in analyzing
the potential link between the antioxidant effect and the
cytoprotective action effectiveness. From this stance,
a promising area would be the search for effective
combined treatment modes employing hepatoprotective
agents with different action mechanisms.

This study aimed to experimentally evaluate the
effectiveness of combined hepatoprotective therapy
for alcoholic liver damage while using sulfur-containing
drugs.

Material and Methods. The study included five
groups of 15 white non-linear male rats weighing 220—
250 grams each. Group 1 animals (control) were kept
in conditions similar to the other groups, yet without
alcoholization and administration of drugs. Group 2 rats
were given alcohol for two months instead of the standard
drinking diet with no medications or biologically active
additives.

Chronic alcohol intoxication was modeled for two
months following the following scheme: Week 1 - the
rats received 10 % ethyl alcohol; Week 2-20 % ethyl
alcohol, and starting from Week 3 until the end of the
experiment, the animals were given 30 % ethyl alcohol.
Alcohol, in this case, ultimately replaced conventional
water consumption [10]. The animals in Groups 3-
5 were the main experimental groups, which, following
a month of alcoholization, received the respective drugs
injected in parallel with further use of ethyl alcohol. Group
3 rats were administered orally S-adenosyl methionine
(10 mg/100 g/day).

Animals of Group 4 were orally given lipoic acid
(10 mg/100 g/day). Group 5 rats received a combined type
of correction using S-adenosyl methionine (100 mg/100 g/
day) and lipoic acid (10 mg/100 g/day) simultaneously.
The experiment involving laboratory animals was carried
out strictly subject to the provisions of the European
Convention for the Protection of Vertebrate Animals
(Strasbourg, 1986) at the Kuban State Medical University
and had received prior approval from the Independent
Ethical Committee (protocolofmeeting#111,14/09/2022).

Two months later, the animals (with all the require-
ments for anesthesia observed; anesthesia with Tyrosol
and Zolazepam) were removed from the experiment,
with their blood and liver taken for laboratory studies.
To describe the biochemical specifics of the cytolytic
syndrome development in the blood plasma, measures
were taken for the activity of aminotransferases (ALT and
AST), the LDH activity, the concentration of total protein,
and albumin and urea. The laboratory tests were done
using an automatic biochemical analyzer and commercial
reagent kits (Randox, UK).

The status of the prooxidant-antioxidant system was
assessed according to a change in antioxidant activity,
which, in turn, was identified by the ferric reducing
FRAP method [11] employing the 2.2-dipyridyl (DIP)
photometric reagent by adding it in equal amounts to a
mixture of trivalent iron with an acetate buffer (pH=3.6).
The resulting solution was expanded with the biological
liquid further (after 30 minutes) to register the optical
density at length waves of 520 nm.
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Another value identified was the content of total
thiol groups, which relied on using the Ellman reagent
(dithiobisnitrobenzoic acid) in a phosphate buffer solution
(pH=7.4). The analysis of ABTS radical absorption
(2.2’-azino-bis-(3-ethylbenzthiosoline-6-sulfonic acid))
was carried out by the Re et al. method (1999) [12]. The
content identification of the TBA-reactive substances
(TBA-rs) rested on the technique [13], following which,
after hour-long incubation of the erythrocyte suspension
in saline solution, 20 % trichloroacetic acid and a TBA
solution were added. Further on, after heating in a boiling
water bath and centrifugation, measures were taken for
the optical density of the filler liquid at wavelengths of
450 nm and 532 nm.

The obtained data was statistically processed with
the StatPlus (AnalystSoft Inc., Walnut, USA). Given the
small sample, the indicators for the animal groups were
compared by calculating the nonparametric Kraskel —
Wallis criterion, followed by a pairwise comparison
employing the Mann — Whitney criterion. The differences
among the groups were considered statistically
significant at p<0.05.

Results and Discussion. The assessment of toxic
liver damage against the backdrop of alcoholization of
the animals implied the detection of hepatocyte cytolysis
markers — ALT, AST, and LDH (Table 1). As a result, the
above laboratory indices exceeded the control values
many times after two months of consuming ethyl alcohol.

Table 1

Changes in the rats’ blood biochemical values against the backdrop of hepatoprotective therapy
for alcoholic liver damage (Me (Q1/Q3))

Indicators

Groups
ALT, u/l

AST, u/I LDH, u/I

Group 1 (control) 23.3 (20.5/26.0)

44.5 (39.9/49.2) 114.0 (96.7/140.7)

Group 2 (comparison) 70.0 (58.9/82.9)*

112.9 (106.7/146.1)* 466.4 (425.0/528.7)%

Group 3 (Ademetionine) 30.3 (30.1/34.7)*~

111.5 (106.7/146.8)* 360.6 (352.6/392.4)*/

Group 4 (LA) 40.0 (38.9/41.4)%~

123.8 (115.0/135.0)* 393.2 (368.4/427.4)%

Group 5 (comb) 36.3 (33.3/36.7)*~

95.2 (92.4/111.3)*~ 271.2 (269.6/390.7)*"

Note: * — statistically significant differences matched against the control group (p<0.05); " — statistically significant differences

matched against the comparison group (p<0.05).

The experimental testing of metabolic
hepatoprotective therapy involving sulfur-containing
compounds, such as S-adenosyl methionine or lipoic
acid, does not constitute anything new, so these groups
can also be considered for comparison. A promising area
in terms of boosting the treatment effectiveness, though,
may be the combined use of several hepatoprotectors
with different action principles. This described study has
shown that combined administration of ademetionine
and lipoic acid to rats, which were subjected to 2
months of alcoholism, helped arrive at a statistically
significant decrease in the levels of the analyzed markers
in blood plasma if matched against the comparison
groups.

The ALT activity went down to the level typical for
groups of rats undergoing monotherapy, or by 48 %
compared to the corresponding value observed in Group
2 animals. The activity of AST and LDH in the blood plasma
of Group 5 animals revealed the lowest values among all
the experimental groups where the animals had alcoholic
liver damage.

The blood plasma AST activity in Groups 3-4 was
similar to the respective levels in the comparison group.
In contrast, in the case of combined hepatoprotective
therapy, the said value was reduced by 16 % compared
to that in Group 2. The blood plasma LDH activity in
Group 4 featured no statistically significant difference
from the similar marker levels in Group 2. However, even
though the conditions were the same, in the case of
ademetionine administration, LDH levels went down by
28 %. In contrast, combined hepatoprotection came
along a 42 % decrease in the levels of the analyzed
marker.

All this points to a potential way to enhance the
effectiveness of hepatoprotectors by combining several
drugs possessing different action mechanisms. Within
the described study, we employed ademetionine, which
is involved in maintaining the liver’s detoxifying function
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and which — as numerous experimental studies show —
is reliably capable of protecting the liver parenchyma
against unfavorable effects of various etiopathogenetic
factors.

Lipoic acid, too, is often viewed as a potential
hepatoprotector, even though data on its effectiveness in
experimental and clinical studies have been ambiguous.
Thisvitamin-like compoundisundoubtedly able to support
the antioxidant system. While that holds, however, the
direct antioxidant action per se is usually insufficient to
ensure effective cytoprotection in clinical settings, which
means a need for designing and explaining more effective
modes of metabolic treatment.

Given the leading role played by the hepatoprotectors
in the cell oxidative homeostasis regulation, we evaluated
the changes in markers of the blood plasma prooxidant-
antioxidantbalance, thus aimingto conducta comparative
analysis of their action (Table 2). This analysis makes
it safe to say that the most pronounced metabolic
support associated with an increase in total antioxidant
activity was from lipoic acid used as monotherapy.
However, this did not result in a significant decrease
in the hepatocyte cytolysis levels discussed above. In
contrast, the reduction in the TBA-rs levels accounted
for no more than 15 % compared to comparison
Group 2.

Ademetionine combined with lipoic acid was
associated with relatively low total antioxidant activity,
32-40 % below the control. However, such a treatment
scheme allowed arriving at the lowest levels of products
accumulating due to oxidative modifications of
biomolecules. For instance, the blood TBA-rs level in
Group 5, for example, was 46 % lower than the value of
the corresponding marker in Group 2 rats and 36-40 %
lower than the values of similar indicators observed in the
groups where the rats were given monotherapy.

Despite the significant antioxidant properties of the
sulfur-containing drugs, none of the experimental groups
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produced data pointing to a statistically significant
growth in the levels of blood plasma thiol groups.
In contrast, the overall antioxidant activity, although

it showed positive trends against the treatment
backdrop, remained much below the control va-
lues.

Table 2

Changes in the rats’ blood oxidative homeostasis values against the backdrop
of hepatoprotective therapy for alcoholic liver damage (Me (Q1/Q3))

Indicators

Groups
TBA-rs, rel. units

SH-groups, opt. dens. un.
*100/protein

AOA-FRAP,
vit. C, mg

AOA-ABTS,
vit. C, mg

Group 1 (control) 0.58 (0.50/0.68)

0.36 (0.33/0.40)

0.53 (0.42/0.56) 0.53 (0.44/0.56)

Group 2 (comparison) 1.50* (1.36/1.65)

0.25* (0.21/0.30)

0.23* (0.19/0.28) | 0.16* (0.09/0.19)

Group 3 (Ademetionine) 1.34* (1.20/1.62)

0.26* (0.23/0.27)

0.34*~ (0.29/0.35) | 0.44*~ (0.35/0.47)

Group 4 (LA) 1.27%~ (0.95/1.41)

0.25%* (0.23/0.29)

0.37%~ (0.32/0.42) | 0.47 (0.42/0.51)

Group 5 (comb) 0.81*~ (0.69/0.94)

0.25%* (0.24/0.31)

0.32*~ (0.28/0.42) | 0.36*~ (0.32/0.39)

Note: * — statistically significant differences matched against the control group (p<0.05); " — statistically significant differences

matched against the comparison group (p<0.05).

Notable is that despite the obvious antioxidant
properties of the used drugs, none of the groups
of animals receiving metabolic therapy against
the backdrop of chronic alcohol intoxication could
feature an increase in the level of blood plasma thiol
groups. In contrast, the overall antioxidant activity
remained significantly lower than the control indica-
tors.

Despite the different etiological factors of liver
damage, the intensified generation of free radicals and
proinflammatory mediators is believed to be a common
pathogenetic link here. This means compounds with
antioxidant and anti-inflammatory properties should act
as hepatoprotectors [14]. The best-known and reliably
explained recommendations for toxic (acetaminophen,
carbon tetrachloride) liver damage using N-acetylcys-
teine [15, 16].

Ethanol metabolism through alcohol dehydrogenase
enzymes and microsomal cytochrome P450 leads to
the development of acetaldehyde and reactive oxygen
species, as well as reduces the glutathione level [17], so
speaking of the analyzed experimental model, the high
efficiency of sulfur-containing antioxidants was quite
reasonable to expect. However, in this case, lipoic acid,
with its most significant antioxidant potential, proved to
have the least pronounced protective effect on the liver
parenchyma.

Animals of Group 5, where the activity of cytolysis
marker enzymes was relatively low, the blood plasma
antioxidant activity remained significantly below control,
which leaves the relationship between the antioxidant
activity of the drug and the hepatoprotective effect open
for discussion.

Conclusion. Based on the above, it is safe to say that
the obtained data demonstrated the high effectiveness

of hepatoprotective therapy relying on Ademetionine
and lipoic acid. This effect manifested through a
statistically significant decrease in the hepatocyte
cytolysis level and improved oxidative homeostasis in the
laboratory animals’ blood against chronic alcohol intoxi-
cation.

In this study, the lowest AST and LDH activity values
were detected while using a combination of the mentioned
sulfur-containing drugs. However, the effectiveness
evaluation for such combined hepatoprotective therapy
will require further research. The data analysis carried out
herein did not allow for drawing any reliable conclusions
regarding the relationship between the antioxidant
activity of drugs and the effectiveness of hepatoprotective
therapy.
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Principles of Good Laboratory Practice GOST R 53434-
2009), as well as following the provisions of the European
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General Ethical Principles for Experiments with Animals
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