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ABSTRACT

In the current study, two marketed formulations VELGUT® (combination of
prebiotic and probiotics) and VIZYLAC® (probiotic only) were assessed for a
protective effect against carbon tetrachloride (CCl,) induced chronic liver injury
model in rats. Rats were randomly divided into four groups. The normal control
group was treated with normal saline (C1) and CCI, treated group was treated
with 1 ml/kg intraperitoneal injection of CCl, one time a day for 10 days fol-
lowed by two times in a week for 49 days (C2). Test groups composed of the oral
treatment of VELGUT (1 mg kg™') along with CCl, (T1) and oral treatment of
VIZYLAC (4 mg kg') along with CCl, (T2). At the end of the treatment, various
serum biochemical parameters like alanine aminotransferase (ALT), aspartate
aminotransferase, (AST), alkaline phosphatase (ALP), direct bilirubin, total pro-
tein, and albumin levels were measured. Serum AST, ALT, ALP, and direct biliru-
bin of the groups T1 and T2 were found to be significantly lower as compared to
group C1. The level of total protein and albumin was improved in the groups T1
and T2. The level of MDA, glucose and cholesterol was significantly decreased
(p<0.05) in the groups T1 and T2 as compared to group C2.

Keywords: liver fibrosis, lipid peroxidation, oxidative stress, liver biomarkers,
probiotics
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1. Introduction

The liver is the biggest organ in the body and is in-
volved in drug metabolism. Hepatocytes are engaged
in the detoxification of a number of medications, vi-
tamins, hormones, and environmental toxins, as well
as the metabolism of amino acids and ammonia, as
well as biochemical oxidation processes. Kupffer
cells are a reservoir of fixed macrophages that protect
against gut-derived poisons that have made their way
into the portal circulation. Endotoxins are primarily
responsible for cytokine production. Other types of
liver cells serve the same role. The liver is the first
line of defence and appears to be the most commonly
harmed target organ by industrial toxins [1]. Occupa-
tional and environmental liver disorders can show a
variety of clinical symptoms [2]. Carbon Tetrachlo-
ride (CCl,) is hepatotoxic which in turn causes acute
liver injury via mechanism of oxidative stress [3-6].
Due to oxidative stress, the free radical produced by
CCl, causes lipid peroxidation which results in to the
damage of bio-membrane. Despite of the advance-
ment in the modern medical science, a few drugs are
available to treat liver disorders [7]. Probiotics are
living microorganisms that play favourable roles and
help to maintain the balance of intestinal microbiota
depending on the dose [8, 9]. Prebiotics are complex
oligosaccharides that help in the growth of good bac-
teria in the gut flora. Inulin, fructooligosaccharide,
lactulose, etc. are well-studied prebiotics. The physi-
ological mechanisms of probiotics and prebiotics
are exerted either directly or indirectly through the
modulation of the host intestinal microbiota’s com-
position, the stimulation of the endogenous micro-
bial community, and the regulation of the immune
system. A combination of prebiotics and probiotics
constitutes a functional product; their advantageous
physiological and biochemical characteristics have
been validated. Studies showed that the concurrent
use of prebiotics and probiotics significantly reduced
alcoholic liver diseases and modifies liver functions
[10, 11,12,13].

Probiotics may be considered a safe and effective al-
ternative in the treatment of hepatotoxicity [14,15].
Probiotics deliberate general health benefits on the
host. Moreover, the risk of diseases is also reduced
significantly [10]. Probiotics fulfil significant roles
within the human body, including the mitigation of
detrimental bacterial proliferation through pH mod-
ulation within the intestinal milieu, amelioration of
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diarrhoea episodes, synthesis of essential vitamins,
and reduction of serum cholesterol concentrations.
[16]. Probiotics exhibit positive effects on intestinal
and liver diseases [17].

From the review it has been shown that Kirpich had
used probiotics to treat alcoholic liver disease (ALD)
patients, showing that probiotics (B. bifidum and
L.plantarum 8PA3) significantly increased the num-
ber of Lactobacillus and Bifidobacterium in human
faeces and significantly altered the serum levels of
ALT, low-density lipoprotein (LDL), and total biliru-
bin (STB) [10]. Therefore, many investigators began
to pay attention to the role of probiotics in alcoholic
liver disease. They used a variety of probiotic strains,
most often Lactobacillus rhamnosus GG (LGG).
LGG is a short Gram-positive heterofermentative
facultative anaerobe that was isolated in 1983. LGG
is effective in the treatment of ALD. The proposed
work aims to evaluate the activity of probiotics and
the combination of probiotics in the chronic liver in-
jury model.

2. Materials and Methods

2.1. Materials

CCl, was procured from Loba Chemie Pvt Ltd,
Mumbai (India). Kits for the estimation of SGPT,
SGOT, bilirubin, total protein, albumin, glucose, and
cholesterol were procured from Autospan (Span Di-
agnostic Pvt. Limited India).

VELGUT was purchased from Eris life sciences,
Bengaluru, and VIZYLAC was purchased from Ka-
lindi Healthcare Pvt. Ltd., India.

2.2. Experimental Protocol & Procedure

2.2.1. Animals

The animal study was performed after obtaining writ-
ten permission from the Institutional Animal Ethics
Committee (IAEC), Ramanbhai Patel College of
Pharmacy, Changa (Gujarat) India, with the protocol
number (RPCP/IAEC/2013-2014/R-32) dated 9 Jan-
uary 2014. Healthy Wistar rats of either sex, weigh-
ing 200-250 gm were included in the study. The ani-
mals were housed in the polypropylene cage at 25°C;
12 hours dark-light cycle, with free access to standard
pellet diet (normal pellet diet) and water ad libitum
during the experiment. The animals were acclima-
tized to surround for one week before the experiment.
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2.2.2. Experimental design

The rats were divided into 4 different groups. Nor-
mal control (treated with normal saline only; C))
(The use of Arachis oil was avoided in the normal
control group because it may affect the liver param-
eters [16]); CCI, treated group (1 ml/kg intraperito-
neal injection i. p. of CCl, once daily for 10 days
followed by twice a week up to 49 days; C,) [17]; test
groups composed of treatment of the oral treatment
of VELGUT (1 mg kg') along with CCI, (T,) and
oral treatment of VIZYLAC (4 mg kg') along with
CCl,. (Table 1). The dose of VELGUT and VIZY-
LAC was determined based on the preliminary ex-
periments carried out before these experiments [10,
18,19].

2.2.3. Blood Sample Collection

On 49" day, blood samples for the separation of
plasma and serum were collected from retro-orbital
plexus in ethylene diamine tetra acetate (EDTA) and
EDTA-free vials, respectively. After the collection,
the samples were centrifuged at 4000 rpm for 10 to
15 minutes under the cooling condition to separate
plasma and serum. Plasma samples were used to as-
sess all biochemical parameters such as AST, ALT,
bilirubin, albumin, total protein, glucose, cholesterol
& malondialdehyde, whereas serum samples were
analyzed to measure ALP activity.

2.2.4. Histopathological Investigation

At the end of the treatment, rats were kept on over-
night fasting. Rats of the different groups were sacri-
ficed on day 49. The liver was collected and washed
with ice-cold saline. The excised liver was kept in
10 % buffered-formalin solution and submitted to
the Department of Veterinary Pathology, Anand
Veterinary College, Kamdhenu University, Anand

Table 1. Different groups of animals in the present study

(Gujarat) India for histopathological study. The liver
tissue was subjected to Haematoxylin & Eosin Stain-
ing (H&E) for the assessment of CCl -induced liver
damage including morphological changes and fibro-
sis.

2.2.5. Statistical Analysis

All parameters were expressed as a mean value +
S.E.M. Differences between the mean value of tests
and controls were analyzed statistically by the Tuk-
ey’s test. p<0.05 and p<0.01 were considered as sta-
tistically significant.

3. Results and Discussion

Animals of group C2 treated with CCIl, showed
marked increased levels of ALP, ALT, and AST.
Animals of groups T1 and T2 showed a significant
(p<0.05, p<0.01) reduction in the level of the ALP
as compared to group C,. However, there was no sig-
nificant difference (p>0.05) between groups T1 and
T2. Bilirubin levels also increased in the animals of
group C2 which was significantly decreased in both
the treatment groups. In the case of total protein and
albumin levels, animals of group C2 showed a reduc-
tion in level as compared to group CI. In the treat-
ment groups T1 and T2, both the parameters normal-
ized to normal levels due to the treatment. Globulin
level was higher in the animals of group C2 but it
was significantly recovered in the animals of groups
T1 and T2. Cholesterol level was higher in the case
of animals treated with CCl, but it was normalized in
the animals of groups T1 and T2. The level of malon-
dialdehyde was markedly increased in the animals
of group C2. However, a significant reduction in the
MDA level was observed in the treatment groups,
especially, in group T1. Changes in the level of the
parameter were shown in Table 2.

Group Treatment
C1 Animals will receive normal saline for up to 49 days
Cc2 Animals will receive CCl, (1 ml/kg, i.p) once-daily injection for 10 days followed by twice a week up to 49 days
Animals will receive CCl, (1 ml/kg, i.p) once-daily injection for 10 days followed by twice a week up to 49 days along with
T1 VELGUT (4 mg/kg
body weight)
Animals will receive CCI, (1 ml/kg, i.p) once-daily injection for 10 days followed by twice a week up to 49 days along with
T2 VIZYLAC (1 mg/kg

body weight)
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Table 2. Change in various serum parameters in rats exposed to CCl, and marketed probiotics (VELGUT & VIZYLAC)

Parameter/Group C, T, T,
ALP (U/L) 78.95+18.80 312.78+49.9% 148.26+26.16* 113.30+£18.27%
ALT (U/L) 29.46+7.73 548.08+24.07% 43.94+43.68 ** 42.49+9.39 #
AST (U/L) 61.29+13.12 619.38+127.94% 120.58+19.27** 158.19+£19.79 #
Bilirubin (mg/dL) 0.05+0.005 0.85+0.27% 0.04+0.004 * 0.04+0.004*
Total Protein (g/dL) 6.26+0.36 4.25+0.04% 7.27+0.17 ** 7.18£1.22 %
Albumin (g/dL) 5.36+0.18 1.85+0.47% 4.25+0.12 ** 4.46+0.32
Globulin (g/dL) 1.20+0.12 3.7440.12% 2.73+0.30 * 2.62+0.42"
Cholesterol (mg/dL) 71.91£3.94 231.98+11.98% 77.73+4.75%* 69.36+6.13%
Glucose (mg/dL) 75.2946.52 206.534+25.70% 67.67+8.98** 56.66+8.42%*
MDA (micromole/L) 0.285+0.14 3.88+1.31% 0.22+0.05 * 0.61+1.15*

Data are expressed as mean + SEM, n=6,
S indicate p<0.05, ¥ indicate p<0.01
* and # indicate p<0.05, ** and * indicate p<0.01,

* Shows significant difference in various liver parameters between the animals treated with CCl, and animals treated with the

drug. (VELGUT)

* Shows significant difference in various liver parameters between the animals treated with CCl, and animals treated group

with drug (VIZYLAC)

Shows significant differences in various liver parameters between the animals treated with normal saline and CCl,.

The rats of the control group showed normal archi-
tecture of the liver. They show normal hepatocytes,
portal triad vasculature, and bile ducts. Whereas rats
of group C2 (treated with CCl,) exhibited extensive
liver damage and mixtures of broad and thin fibrous
septa (Figure B). In the case of test groups, no clear
damage was observed. The treatment with VELGUT
and VIZYLAC recovered the damage caused by the
CCl, treatment (Figures 2C and 2D).

The aim of the present study was to check the hepato-
protective activity of marketed formulations of pro-
biotics on CCl,-treated rats. The rat model of CCl,-
induced acute liver injury is widely used to assess
the hepatoprotective effect.

Hepatic metabolic enzymes AST and ALT are re-
leased into the bloodstream when the liver is dam-
aged. These enzymes are thought to reflect hepatic
damage after hepatotoxic agents have been admin-
istered. It’s widely assumed that CCl, accumulates
in hepatic parenchyma cells, where it’s converted
to CCl, radical by cytochrome P450-dependent mo-
nooxygenase. This CCl, radical attacks polyunsatu-

rated fatty acids and produces lipid peroxides, caus-
ing hepatic enzyme levels such as SGPT, SGOT, ALP,
LDH, and total bilirubin to change. Hepatocytes leak
these enzyme markers as a result of a disruption in
transport function caused by hepatic injury and al-
tered membrane permeability. In agreement with
this, we found similar results in our study, where the
level of hepatic enzymes was eclevated after intra-
peritoneal administration of CCl,. The treatment of
both the marketed probiotic formulations used in this
study prevented this increase in hepatic enzyme lev-
els. Furthermore, there were no adverse effects from
administering these probiotics to the experimental
animals during the study. Toxicity tests were carried
out, but no signs of toxicity were discovered.

As previously stated, the production of CCl, radicals
alkylates hepatic cellular proteins and other macro-
molecules, contributing to the production of lipid
peroxides by damaging polyunsaturated fatty acids,
resulting in hepatocellular necrosis. Hepatocyte ne-
crosis is also caused by the overproduction of reac-
tive oxygen species, which damages DNA, proteins,
lipids, and carbohydrates. Increased liver LPO levels
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Figure 1. Effect of CCl,, VELGUT, and VIZYLAC on various liver parameters

ALP-alkaline phosphate, ALT- alanine transaminase, AST-aspartate transaminase, T.P — total protein, MDA - malondialdehyde
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B. Proliferation fibrosis was evident in the hepatic lobule, it shows extensive liver damage and
mixtures of thin and broad fibrous septa (On day 49) (CCl, 1 ml/kg )

+VIZYLAC)

D. Did not reveal any remarkable changes (CCl+VELGUT)

Figure 2. Histopathological study of various treatment groups
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indicate hepatic damage and an unmanaged antioxi-
dant defence mechanism against free radicals gener-
ated. Thus, hepatoprotection against CCl,-induced
liver toxicity relies heavily on inhibiting free radical
generation or increasing cellular antioxidant levels.
In the current study, we found that CCIl,. administra-
tion resulted in higher levels of lipid peroxidation
and low levels of cellular antioxidants like CAT and
GSH, showing a marked increase in oxidative stress
at the cellular level and, as a result, hepatic necrosis,
pointing to disease induction, i.e. hepatotoxicity. The
pre-administration of probiotics preserved the levels
of cellular antioxidants. In addition, the levels of li-
pid peroxidation were not significantly increased in
the treatment group, representing that free radicals
produced due to CCl, were managed.

Lipid, carbohydrate, and protein metabolism are all
controlled by the liver. The injection of CCl, result-
ed in a significant increase in total cholesterol lev-
els. Probiotics administration altered lipid profiles
in both pre-and post-treatment groups. Increased
esterification of fatty acids, inhibition of fatty acid
oxidation, and decreased excretion of cellular lipids
could all contribute to higher cholesterol levels [21].
CCl, increases cholesterol synthesis by stimulating
the transfer of acetate into liver cells (possibly by
increasing acetate access). It also boosts the produc-
tion of fatty acids and triglycerides acetate and en-
hances lipid esterification.

The hematopoietic system is very sensitive to toxic
compounds and serves as an important index of the
physiological and pathological status of both ani-
mals and humans [22]. The vital functions that blood
cells perform, together with the susceptibility of this
highly proliferative tissue to intoxication, make the
hematopoietic system unique as a target organ. CCl,-
induced liver intoxication is one of the most widely
used methods to study toxin-mediated experimental
fibrosis in the liver in experimental animals especial-
ly rats and mice [23]. Liver injury induced by CCl, is
the best-characterized system of xenobiotic-induced
hepatotoxicity and, is a well-studied model for test-
ing the anti-hepatotoxic and hepatoprotective activ-
ity of drugs, herbs and pharmaceuticals [24]. The
liver is the main site for CCl,~induced effects, but
there is no specific “receptor” for the actions of CCl,.
In addition to this, various subcellular structures like
the endoplasmic reticulum, plasma membrane, mito-
chondria, and Golgi apparatus of the hepatocytes are
affected by CCl, exposure, indicating the hypothesis

Volume 43 / Number 3 / September 2023 / pp. 212-220
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that CCl, is primarily targeting the lipid-containing
structures of the cell [25]. Literature showed that
most studies rely on the CCl,-induced liver damage
model to induce toxic liver fibrosis in the experi-
mental animals due to the good comparability, ex-
cellent reproducibility, and moderate burden for the
animals [24]. From the review, it was reported that
liver injury induced by CCl, elevated the number of
infiltrated neutrophils, kupffer cells, lymphocytes,
macrophages, and natural killer cells which further
induced activation of macrophages of the liver and/
or chemoattraction of extrahepatic cells like neutro-
phils and lymphocytes. The release of activated mac-
rophages causes the liver fibrosis, inflammation, and
injury [26].

Probiotics are gaining more and more interest as al-
ternatives for antibiotics or anti-inflammatory drugs.
The effects produced by probiotics depend on their
metabolic properties, the molecules present at the
surface, or the components secreted. Even essential
components of the bacterial cell, such as DNA or
peptidoglycan, may be crucial for the probiotic’s ef-
ficiency. A probiotic strain’s unique combination of
these qualities defines its specific probiotic function,
and thus, how well it may be used to prevent and/or
treat a particular disease. [27]. Probiotics might be
able to ameliorate the host defence including an in-
nate and acquired immune system of the body. This
mechanism is most likely important for the preven-
tion and treatment of infectious diseases. In addi-
tion, it can also be used for the treatment of chronic
inflammation of the digestive system [28]. The me-
tabolites, cell wall content and DNA of the probiotics
can influence the immune system. Probiotics-derived
components like peptidoglycan fragments or DNA
even from dead probiotic bacteria may exhibit an
immune modulatory effect. It is also postulated that
probiotic strains can improve the gut and immune
systems, so it is proposed that probiotics can be ad-
ministered to improve alcoholic liver disease symp-
toms. Probiotic therapy can improve liver markers
such as alanine aminotransferase, aspartate ami-
notransferase, and gamma-glutamyl transferase and
total bilirubin, ameliorating hepatic inflammation
and histological grade [21]. It has been reported that
co-administration of lipoic acid to rats chronically
treated with thioacetate inhibited the development of
liver cirrhosis, as indicated by reductions in cirrhosis
incidence, hepatic fibrosis, and AST/ALT activities
[29]. It was studied that lipoic acid and lipoteichoic

Shah et al.
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acid (LTS) can serve as an antioxidant through scav-
enging of free radicals, chelation of metal ions, and
regeneration of endogenous and exogenous anti-
oxidants [30]. LTAs from some sources have been
reported to antagonize LPS-induced adhesion mol-
ecule expression and the release of interleukin-8 in
human lung endothelial cells [31]. From the reported
article it was postulated that probiotics (Lactobacilli,
Bifidobacterium, and many more) can improve liver
function. Probiotics have shown beneficial effects in
various disease conditions. In the present study, we
estimated a few of the cell wall contents, i.e. lipoic
acid and lipoteichoic acid. These contents are known
to affect Toll-like receptors and can impact the in-
flammatory process. The histopathological analysis
of the liver of the normal control group did not ex-
hibit any noticeable histological changes. In contrast,
CCl, treated group showed consistent remarkable
histological changes in the liver. However, rats of the
treatment group (treated with marketed probiotics)
exhibited a marked reduction in these types of liver
morphological changes. This shows that the probi-
otic treatment improved the histopathological status
in all the animals. Therefore, it can be concluded that
the probiotic treatment could have an antioxidant
and anti-necrotic effect [32].

4. Conclusion

From the present findings, it was concluded that CCl,
causes chronic liver injury (fibrosis & cirrhosis). The
suggested animal model of chronic liver injury may
be useful for testing medications that are used to
treat liver damage and related conditions. From the
study, it was also concluded that the probiotics and
a combination of pre and probiotics were able to im-
prove liver functions.
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