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Abstract
The gastrointestinal (GI) tract mucosa serves as the barrier limiting dissemination of pathogenic
microbes, microbial components and other food associated toxins to reach general circulation. When this
barrier disrupts in diseases such as GI tract in�ammation, pathogenic bacteria, microbial components
and other toxins translocate from the gut lumen in to systemic circulation. Liver is in direct vascular
connection with gut through portal circulation and is highly susceptible to in�ammation on exposure to
these toxins. The present study demonstrated that bacterial cell wall endotoxin lipopolysaccharide/LPS
induced in�ammation of both gut and liver of mice. Intraperitoneal exposure of mice to LPS (1mg/kg
bw/day) caused histopathological alterations of both Jejunum-ileum and colon of GI tract. Distinct
histopathological alterations of liver were observed as well. Increased plasma pro-in�ammatory cytokines
IL-6 and TNF-α and decreased of antioxidant defence enzymes Super oxide dismutase/SOD and catalase
in both gut and liver of LPS-exposed mice indicated them as the biomarkers of in�ammation. Increased
serum level of transaminases (ALT & AST) further indicated hepatic in�ammation. Supplementation of
commercial probiotic VSL#3, a combination probiotic (eight different species of bacteria belonging to
three different genera, Lactobacilli, Bi�dobacteria and Streptococcus) for a month (4 weeks: 0.6g/kg
bw/day) attenuated the in�ammation decreasing the plasma pro-in�ammatory cytokines, serum ALT and
AST, and reducing the oxidative stress as re�ected in the improved histological architecture of both gut
and liver. Thus, the modulation of intestinal microbiota is critical to maintaining homeostasis of the gut-
liver axis and an emerging therapeutic strategy in treatment of gut dysbiosis and hepatic pathology.

Introduction
The gastrointestinal (GI) tract is colonised by vast number of commensal and symbiotic microorganisms
collectively known as ‘Gut Microbiota’ [1]. The GI microbial community is consisting of at least 1000
different species [2]. The most dominating human and murine microbiota is Firmicutes and Bacteroidets.
In addition, Proteobacteria, Actinobacteria, Verrucomicrobia, and Cyanobacteria phyla have also been
detected in human and animal [3]. Bacterial colonization of the intestine is necessary for various normal
physiological processes such as building the intestinal epithelial barrier, enhancing intestinal
development and nutrient acquisition, development of the immune system, and in the defense against
pathogens [4, 5]. It has been reported that several factors such as enteropathogenic infection and over
uses of antibiotic alter the composition of gut microbiota which may lead to increase of harmful gut
microbial component including lipopolysaccharide/LPS [6, 7]. LPS is a toxic component of cell wall of
Gram-negative bacteria [8]. In general condition, LPS concentration in gut and systemic circulation
remains low [9]. Increased LPS level triggers cascades of in�ammatory responses to increase pro-
in�ammatory cytokines (IL-1α, IL-1β, IL-6 and TNF-α etc) and induce oxidative stress [10] to disrupt gut
barrier function altering one or more components of the complex gut barrier structure which is consisting
of the intestinal epithelial cells connected through the intestinal tight junctions, the mucus layer which
coats the intestinal epithelial surface and the antimicrobial defense system consisting of numerous anti-
bacterial peptides produced by Paneth cells [11, 12]. Under circumstances such as infections [6] and
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alcohol consumptions [13] LPS-induced disruption of gut epithelial barrier increases the risk of gut
diseases including in�ammatory bowel disorders [14, 15]. (GI tract epithelial barrier disruption and the
increased permeability allow the translocation of LPS and the level of LPS in hepatic portal/systemic
circulation elevated [16]. The increased level of LPS in the enterohepatic circulation induced the
activation of kupffer cells in liver to release pro-in�ammatory cytokines to cause hepatic in�ammation
[17, 18]. Various studies have linked the liver diseases to GI tract dysfunctions [19, 20]. Thus, the
interactions between the gut and the liver, the so-called gut-liver axis, play a critical role in onset and
progression of many hepatic diseases including non-alcoholic fatty liver disease. GI tract in�ammation
and the consequence of Liver diseases has become one of the major concerns.

The potential of modulating the microbiota composition in bene�cial ways for treatment of gut related
diseases has become an increasing focus. Microbiota modulating intervention strategies such as
supplementation of probiotic, prebiotic and synbiotic has become common practice clinically [21–23].
Probiotic are “live microorganisms” which provide a health bene�t on the host when consumed in
adequate amounts [24]. So far, the most emphasis has been laid on investigating the role of probiotic
compounds in in�ammation. For instance, Escherichia coli strain Nissle 1917 was shown to prevent
acute and chronic colitis [25] and to enhance mucosal barrier functions in mice [26]. Moreover, treating IL-
10 de�cient mice with Lactobacillus plantarum attenuated the severity of colonic in�ammation by
reducing mucosal pro-in�ammatory markers (IL-12p40 & IFN-γ) [27]. Supplementation of VSL#3, a
commercial probiotic mixture consisting of eight bacterial strains: four strains of Lactobacillus
(Lactobacillus acidophilus, Lactobacillus plantarum, Lactobacillus casei, and Lactobacillus delbrueckii
subspecies bulgaricus), three strains of Bi�dobacterium (Bi�dobacterium breve, Bi�dobacterium longum,
and Bi�dobacterium infantis), and one strain of Streptococcus (Streptococcus salivarius subspecies
thermophilus) was demonstrated as an effective therapy for colitis in IL-10 Knockout mice/IL-10−/− [28]
and trinitro benzene sulphonic acid (TNBS) induced colitis [29]. VSL#3 has been proved effective in
amelioration of in�ammatory bowel diseases (IBD) in clinical trials [31] and experimental animal model
[32, 33].

The anti-in�ammatory role of probiotic though have been demonstrated through few clinical and
laboratory animal studies, the mechanism of in�ammation modulation by probiotic still less understood.
The present study was carried out to evaluate the e�cacy of multi strain probiotic VSL#3 as an anti-
in�ammatory and anti-oxidative supplement in amelioration of LPS-induced in�ammation and oxidative
stress in gut and liver of mice.

Materials And Methods
Animals

Swiss albino mice (25±2.5g) of 7 weeks of age (procured from Central Drug Research Institute, Lucknow,
India) were housed in polyvinyl chloride cages and maintained under laboratory conditions having 12:12
hrs light/dark cycle in a temperature (21o C ± 20C) and (55 ± 5%) humidity controlled room. The animals
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had free access of food (pellets) and water. The mice were subjected to experimentation after one week
of acclimatization.

Experimental Design

Four groups of the mice (Group I, Group II, Group III & Group IV) were maintained (6 per group). Group II
and Group III were exposed to LPS (1mg/kg bw) intraperitoneally for �ve days. After LPS exposure, multi
strain probiotic VSL#3 (0.6gm/kg bw) was orally gavaged to Group III and Group IV (Only VSL#3) for 4
weeks. Mice of the Group I (Control) and Group II (LPS treated) were also maintained till 4 weeks. Food
and water intake of mice were noted on daily basis. Mice were anaesthetized with pentobarbital
(100mg/kg bw) on the termination of experiments and sacri�ced.

Test Chemicals and Doses

The multi strain Probiotic (VSL#3) was purchased from Sun Pharmaceuticals, New Delhi, India.
Lipopolysaccharide (LPS from Escherichia coli O26:B6) and the ELISA kits for Alanine Aminotransferases
(ALT; Catalogue: MAK052), Aspartate Aminotransferase (AST; Catalogue: MAK055), Mouse TNF-α
(Catalogue: RAB0477) and IL-6 (Catalogue: RAB0308) were procured from the Sigma Aldrich (Bengaluru,
India). Rest of the chemicals was procured from Himedia, Mumbai, India. The dose of LPS (1mg/kg bw
i.p.) was decided as it can cause increase expression of TLR-4 and its receptor as well as in�ammatory
mediators [33]. (Guo et al., 2013). The dose of VSL#3 (0.6gm/kg/ bw orally) decided on the basis of
previous studies [34]. (Chang et al., 2013)

Cytokine Assay

For ELISA of the pro-in�ammatory cytokines TNF-α and IL-6, blood was collected via cardiac puncture in
micro centrifuge tubes and the plasma was separated by centrifugation at 3000 rpm for 15 minutes and
was stored at -200C till cytokine assay. The level of TNF-α and IL-6 in plasma was determined using
ELISA kits following the manufacturer’s protocols. Brie�y, all reagents were brought to room temperature
(RT) (220C) prior to use. The plasma samples were added in to the 96-well plate coated with speci�c
antibody (Mouse TNF-α and IL-6 antibody) and the plate was incubated at RT for 2.30 hrs. The plate was
washed 3 times with the wash buffer and �rmly tapped on absorbent paper. The biotinylated detection
antibody solution was added into each well and the plate was incubated at RT for 1hrs. After washing of
the plate as mentioned above, HRP-Streptavidin solution was added to each well and was incubated with
gentle shaking in RT for 45 minutes. The washing step was repeated and TMB (3, 3’, 5, 5’-tetramethyl
benzidine) was added into each well and incubated with gentle shaking in dark for 30 minutes. Finally,
the reaction was stopped by adding the stop solution and the concentrations of cytokines (TNF-α and IL-
6) were calculated according to the absorbance measured at 450nm based on the standard curve.

Alanine Aminotransferase (ALT) and Aspartate Aminotransferase (AST) Assay
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For assay of ALT and AST, blood was collected and was allowed to clot at room temperature.  The clot
was removed by centrifugation at 3000 rpm for 10 min in a refrigerated centrifuge and the supernatant
(serum) was stored at -800 C till use for ALT and AST activity. Serum ALT and AST activities were
estimated using the manufacturer’s protocols (Sigma Aldrich).  In brief, all the required chemicals were
brought to RT prior to use. Standard products (Pyruvate Standard for ALT & Glutamate standard for AST)
and samples of each group added into a 96-well plate. Then 100 µl of the master reaction mixture was
added to each of the wells, mixed properly using a horizontal shaker, incubated at 370 C for 2-3 minutes
and initial reading (ALT A570nm & AST A450nm) was taken. Incubation was continued at 370 C taking
measurement every 5 minutes until the value became greater than the value of the highest standard
(10nmole/well). The activity of ALT and AST calculated according to manufacturer’s protocols.

Determination of Oxidative Status (Gut & Liver)

Lipid Peroxidation (LPx)

Endogenous Lipid Peroxidation (LPx) levels in samples were assessed by monitoring the formation of
thiobarbituric acid reactive substances (TBARS) according to the protocol of Ohkawa, 1979 [35]. In brief,
LPx cocktail was prepared by mixing following solutions: 162 µl of 10% (w/v) SDS, 375 µl of 20% (v/v)
acetic acid (pH 3.5), 300 µl of 1% (w/v) TBA solution, 20 µl of 1% (w/v) BHT solution and 13 µl of distilled
water.  Supernatant 130µl (10% homogenate of the Gut/Liver in phosphate buffer followed by
centrifugation) was added in 870 µl of the LPx cocktail. The mixture was vortexed and heated in water
bath at 950 C for 60 minutes. Tubes were cooled down to room temperature and centrifuged at 1,000Xg
for 10 minutes. Absorbance of the supernatant was recorded at 532nm against an appropriate blank. The
concentration of TBARS was calculated from the extinction coe�cient of 1.56X105M-1cm-1. Result was
expressed as nmol/MDA/TBARS formed/mg protein.

Superoxide Dismutase (SOD) Activity

The activity of superoxide dismutase (SOD) enzyme was measured by the method of Beauchamp and
Fridovich [36]. In brief, 10% homogenate of Gut/Liver tissue was prepared in 0.4 M PBS (pH= 7.8),
followed by centrifugation at 10,000 rpm for 15 min. 100 μl supernatant mixed with 900μl reaction
mixtures [50 mM PBS (45 μl SS), 100 mM Methionine (180 μl SS), 100 mM EDTA (90 μl SS), 450 μM NBT
(40.5 μl SS), 1 mM Ribo�avin (9 μl SS) and 535.5 μl dH2O]. The mixture was kept in foil-lined box and
illuminated with a 25 W light for 15 min. Absorbance of purple-colored complex was measured at 560 nm
against blank. The SOD activity was directly proportional to percent inhibition of NBT reduction
expressed per ml (50 % of NBT reduction corresponds to one unit of enzyme). The enzyme activity was
calculated per mg protein. Protein content was determined by the Bradford method [37].

Catalase (CAT) Activity

CAT activity was assessed on the basis of decomposition of H2O2 according to the method of Aebi [38].
In brief, 10% homogenate of Gut/Liver tissue was prepared in 0.4 M phosphate buffer (pH = 7.8), followed
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by centrifugation at 10,000 rpm for 15 min. 500 μl supernatant mixed with 50 μl ethanol and kept in ice
for 30 min. After this, 450 μl mixtures mixed with 50μl Tritan-X100, vortexed and from this sample, 100 μl
taken in a cuvette and mixed 1.4ml of 13 mM H2O2. Absorbance was measured at 240 nm for 1 min, with
the help of UV–VIS spectrophotometer (Shimadzu, UV-1800 pharma spec), using extinction coe�cient of
H2O2 (0.041/μM/cm2 at 240 nm) and is expressed as Units/min/mg of protein.

Glutathione Reductase (GR) Activity

GR activity was assayed following the method of [39].  In brief, to 867µl of 50 mM phosphate buffer
pH7.4, 33.3 µl each of 120 mM GSSG and 4.5 mM NADPH were added. After one minute, reaction was
initiated by adding 66.4 µl sample to it. The absorbance was recorded at one minute interval at 5 minutes
at 340 nm with running a parallel blank sample. Enzyme activity was expressed as Unit NADPH
oxidized/min/mg protein considering NADPH molar extinction coe�cient as 6.22 mM-1 cm-1. 

Histopathology

Tissues (Gut & Liver) were dissected out and �xed in 4% paraformaldehyde solution. After 24 hrs of
�xation, the tissues were processed for para�n (m.p. 58-600C) embedding. Sections of 6 µm thickness
were cut and stretched on sterilized glass slides. After depara�nization, the sections were processed for
Hematoxylin-Eosin staining [40] and observed under light microscope (Leica DFC450 C, Germany).

Morphometric Analysis

Morphometric analysis was done by the image-J software NIH, Bethesda, USA. For quantitative
evaluation of villous height and crypt depth of small intestine, 10 randomly selected sections of different
groups (100 villi & 100 crypts/each group) were measured at X40. For counting of the goblet cells 10
sections of colon of each group were randomly selected. From each section goblet cell were counted on
10 different sites of mucosal epithelium in a counting frame (100X100 µm2). The size of the goblet cells
was determined measuring 100 cells (10 sections/group) from each group.

Statistical Analysis

All the data were presented as mean ± SEM. The statistical signi�cance of the differences between the
means was analyzed by one-way ANOVA with Tukey’s post hoc test. Statistical signi�cance was assigned
when the value was p <0.05.

Results
Body Weight and Relative Organ Weight (Gut & Liver)

The Body weight was signi�cantly decreased in LPS (P<0.001) and VSL#3 co-treated (LPS+VSL#3)
(P<0.01) mice as compared to control. No signi�cant alteration occurred in only VSL#3 treated mice as
compared to control. The Relative Gut weight signi�cantly decreased in mice exposed to LPS (P<0.05) as
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compared to control. In VSL#3 co-treated (LPS+VSL#3) as well in only VSL#3 treated mice the relative
weight of gut not altered signi�cantly. The relative weight of liver remains equivalent to control in all
experimental groups (Table 1).

Food and Water Intake

Food intake was signi�cantly decreased in mice treated with LPS (P<0.001), VSL#3 co-treated
(LPS+VSL#3) (P<0.001), only VSL#3 (P<0.01) groups as compared to control. The water intake was
signi�cantly decreased in LPS (P<0.001), and co-treated LPS+VSL#3 (P<0.01) groups as compared to
control but in only VSL#3 treated group remains equivalent to control (Table 1).

Plasma Cytokine

The plasma level of both the pro-in�ammatory cytokines TNF-α and IL-6 were signi�cantly increased in
LPS (P<0.001) treated mice as compared to control group. In VSL#3 co-treated (LPS+VSL#3) mice TNF-α
signi�cantly (P<0.05) increased but IL-6 remain equivalent to control. In only VSL#3 treated group, the
plasma levels of TNF-α and IL-6 remained equivalent to control (Fig. 1).

Serum ALT and AST Activity Assay

The activity both ALT and AST enzymes in serum was signi�cantly increased in LPS (P<0.001) treated
mice as compared to control. In VSL#3co-treated (LPS+VSL#3) and only VSL#3 treated mice the serum
ALT and AST enzyme remains equivalent to control (Fig. 2).

Oxidative Status (Gut & Liver)

Lipid Peroxidation

In both the organs gut and liver, the formation of MDA/TBARS was signi�cantly (P<0.001) elevated in
LPS exposed mice as compared to control. MDA/TBARS formation in VSL#3 co-treated (LPS+VSL#3)
mice was signi�cantly (P<0.05) higher in gut but in liver remained equivalent to control. In only VSL#3
treated group formation of MDA/TBARS was remains equivalent to control in both the organs gut & liver
(Fig. 3 a, 3 b).

SOD Activity

The SOD activity signi�cantly decreased in LPS (P<0.001) exposed mice in both the organs gut & liver as
compared to control. In VSL#3 co-treated (LPS+VSL#3) group remains insigni�cant in gut but in liver
signi�cantly (P<0.05) lower. In only VSL#3 group the SOD activity remains equivalent to control in both
the organs gut & liver (Fig. 3 c, 3 d).

Catalase Activity
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In both the organs liver & gut the activity of catalase was signi�cantly decreased in LPS (P<0.001)
exposed mice as compared to control. Catalase activity in VSL#3 co-treated (LPS+VSL#3) group was
signi�cantly increased in liver (P<0.01) but in gut retained equivalent to control. In only VSL#3 treated
group the activity of catalase was remains equivalent to control in both the organs gut & liver (Fig. 3 e, 3
f).

Glutathione Reductase Activity

GR activity was signi�cantly decreased in LPS exposed mice in gut (P<0.001) and in liver (P<0.01) as
compared to control. In VSL#3 co-treated (LPS+VSL#3) and in only VSL#3 treated groups remained
equivalent to control (Fig. 3 g, 3 h).

Histopathology

Histopathology of Gut

In control mice, the overall histological architecture of Jejuno-ilium remained intact and the mucosal layer
continuity retained. In LPS exposed mice, Jejuno-ilium showed disruption of mucosal epithelial cells,
Goblet cell disruption and mucin deposition in extent to epithelial cell, in�ammatory cell migration and
condensation of lamina propria (LP). Villous height (P<0.001) and crypt depth (P<0.01) decreased
signi�cantly (Table 1). Crypt architecture of submucosa of small intestine was also distorted indicating
severe in�ammation. In VSL#3 co-treated (LPS+VSL#3) group histological aberration in Jejuno-ilium
have less been observed. Villous height & Crypt depth remained equivalent to Control. In only VSL#3
treated mice intact architecture of villus and crypt was observed as that of control (Fig. 4 a-d).

The colons of LPS exposed mice showed similar kind of histopathological aberrations like that of small
intestine. Lesion in mucosal epithelium Goblet cell disruption, migration of in�ammatory cells and
condensation of LP were observed. Size of the Goblet cells was signi�cantly increased (P<0.05) and
density was signi�cantly (P<0.05) decreased (Table 1). In co-treated (LPS+VSL#3) group Goblet cell size
& density remained equivalent to control. Only VSL#3 treated group normal architecture was observed as
that of control (Fig. 5 a-d).

Histopathology of Liver

Hepatic histomorphology of control mice revealed the central vein of the hepatic lobule surrounded by the
uniformly distributed clear polygonal hepatocytes with strongly eosinophilic granulated cytoplasm and
distinct nuclei. Vacuolization and hypertrophy of hepatocytes, congestion of sinuses and in�ammatory
cell migration to portal vein were observed in LPS exposed mice. Fragmented and irregular shaped nuclei
were also observed in hepatocytes. Size of hepatocytes signi�cantly increased (P<0.01) and density of
hepatocytes signi�cantly decreased (P<0.001) in the liver of LPS exposed mice (Table 1). In VSL#3 co-
treated (LPS+ VSL#3) mice the histopathological alterations were minimally observed. In only VSL#3
treated group, liver architecture appeared normal like that of control (Fig. 6 a-d).
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Discussion
The present study demonstrated that the exposure to bacterial endotoxin LPS induced in�ammation both
in the gut and liver by increasing the pro-in�ammatory cytokines and oxidative stress. Probiotic mixture
VSL#3 supplementation to LPS exposed mice for 4 weeks attenuated the in�ammation of gut and liver
by normalizing the plasma pro-in�ammatory cytokines levels as well as restoring the antioxidant defense
system. That LPS is a potent immune stressor which acts on various immune cells such as macrophages
and mucosal epithelial cells to stimulate the production of a wide range of in�ammatory substances
such as pro-in�ammatory cytokines, chemokines, and oxidative free radicals [41, 42, 10] have extensively
reported. The elevated levels of pro-in�ammatory cytokines and oxidative free radicals are the biomarker
of in�ammation. The levels of pro-in�ammatory cytokines TNF-α and IL-6 were signi�cantly elevated in
LPS treated mice. That the pro-in�ammatory cytokines including TNF-α & IL-6 induced on LPS exposure
amplify the in�ammatory responses and initiate gut in�ammation has been reported [43]. Gut
in�ammation was evident from histopathological observations of Jejuno-ilium as well as colon. The LPS
exposure caused lesion of gut mucosal epithelium and leakage, disruption of goblet cells, mucin
depletion and deposition in exterior of epithelial cells and condensation of LP as reported earlier [44, 45].
In�ltration of leukocytes in the LP indicated activation of immune cells, a restitution mechanism of
in�ammation [15]. The condensation of LP may be due to LPS-induced chemokines production, such as
cell adhesion molecule ICAM from �broblast [46]. Disruption of gut epithelial barrier resulted in
translocation of various gut derived toxins through entero-hepatic portal circulation to liver leading to
hepatic in�ammation. Pattern recognition receptors such as Toll like receptor/TLR4 expressed in liver
cells function as sensors of microbial pathogens and initiated in�ammatory responses in the liver [47].
TLR receptor on hepatic kupffer cells induced oxidative stress producing reactive oxygen species [48].
Histopathological alterations observed i.e. congestion of hepatic sinuses; focal necrosis, vacuolization
and hypertrophy of hepatocytes with fragmented and/or irregular shaped nuclei and increase serum level
of ALT & AST indicated hepatic in�ammation also have been reported [49]. This study demonstrated
increased MDA level indicating enhanced LPx, decreased activity of SOD as well as decreased activity of
Catalase and GR in the GI tract as well as Liver in LPS exposed mice. LPS induced oxidative stress and
increase in MDA and a reduction in endogenous antioxidant defenses have been reported [50]. Oxidative
stress plays an important role in the pathogenesis, progression, and severity of intestinal in�ammation
[51, 52] as well as liver [53].

VSL#3, a commercial probiotic mixture consisting of three genera of bacteria (Lactobacilli, Bi�dobacteria
and Streptococcus) and a total of eight different species (L. casei, L. plantarum, L. acidophilus, L.
delbruckii, B. longum, B. breve, B. infantis and S. salivarius) has shown to have protective effect on gut
and liver attenuating the LPS-induced infection.VSL#3 supplementation attenuated the histopathological
alterations of gut and liver caused by LPS due to antioxidant and anti-in�ammatory properties of the
mixture probiotics as plasma level of pro-in�ammatory cytokines TNF-α and IL-6 reduced and anti-
oxidative status improved. Rats with colitis who received VSL#3 had lower macroscopic and microscopic
damage in the colon, reduction of microphage in�ltration, reduction of serum cytokine levels and
restoration of colonic transcript levels of anti-in�ammatory and barriers proteins [54, 55]. In addition,
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probiotic administration can improve antioxidant enzymes such as serum SOD and GSH-PX in mice [56].
Randomized clinical trials showed that probiotic consumption increased serum anti-oxidative indicators
GSH and decreased MDA [57, 58]. That the probiotic treatment including VSL#3 are effective in
preventing hepatic damage reducing serum level ALT & AST as observed in this study have been reported
only in few studies [59, 31]. Signi�cantly decreasing the body weight, relative organ weight, and food &
water intake as observed in this study is indication of LPS induced systemic toxicity as reported earlier
[60, 61]. The maintenance of body weight on VSL#3 supplementation might be due to decrease of
systemic toxicity.

Conclusions
The control of microbial communities is critical to maintaining homeostasis of the gut-liver axis. Infection
mediated disruption of the gut-liver axis increases microbial exposure and pro-in�ammatory environment.
The combination probiotic VSL#3, classi�ed as medical food, has shown e�cacy in protection of
histological damage of gut as well as liver through modulation of in�ammatory cytokines and oxidative
stress. The supplementation of probiotics including VSL#3 thus could be more explored as therapeutic
supplement for treatment of IBS, ulcerative colitis, hepatic encephalopathy etc and to restore a healthy
gut-liver axis.
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Table 1 Effect of multistrain probiotic VSL#3 on LPS induced in�ammation of gut and liver.



Page 17/22

  Groups

Parameters Control LPS LPS+VSL#3 VSL#3

Body Weight (gm) 29.07±0.46 24.69±0.44*** 26.66±0.30** 27.33±0.64

Relative Gut Weight (%) 3.09±0.21 1.89±0.14** 2.62±0.09 3.19±0.26

Relative Liver Weight (%) 4.48±0.07 4.54±0.23 4.66±0.13 4.45±0.32

Food Intake (gm) 58.86±0.70 48.88±1.31*** 52.36±0.82*** 55.38±0.84

Water Intake (ml) 3.60±0.17 2.39±0.13*** 2.71±0.16** 3.32±0.17

Morphometry of Gut

Villous Height (µm)  90.68±1.91 74.19±1.51*** 82.25±2.24* 85.79±2.40

Crypt Depth  (µm) 27.54±1.01 21.78±1.13** 23.68±1.12 24.29±1.32

Size of Goblet Cell (µm) 132.2±5.65 161.0±7.30** 124.0±6.67 128.0±5.24

Density of Goblet Cell (100µm2) 24.33±1.00 21.00±0.66* 22.33±0.75 23.13±0.74

Morphometry of Liver        

Density of Hepatocytes (100µm2) 23.04±0.55 16.72±0.43*** 24.16±0.27 24.24±0.35

Size of Hepatocytes (µm) 386.8±11.9 456.6±18.4** 405.3±11.4 420.0±17.8

Histological Aberrations

Epithelial Erosion - +++ + -

Goblet Cell Disruption - +++ - -

In�ammatory Cell Migration - ++ - -

Hepatocytes disruption - +++ + -

Notes: (−) none, (+) mild, (++) moderate, and (+++) severe.

One-way analysis of variance (ANOVA) showing signi�cant difference compared with control. *p<0.05,
**p<0.01 and ***p<0.001

Figures
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Figure 1

Legend not included with this version.

Figure 2

Legend not included with this version.
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Figure 3

Legend not included with this version.
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Figure 4

Legend not included with this version.
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Figure 5

Legend not included with this version.
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Figure 6

Legend not included with this version.


