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Abstract
Purpose: Hepatic encephalopathy (HE) or hepatic coma is an onerous, not utterly understood
complication accompanying both acute and chronic liver dysfunction and/ or presence of portosystemic
shunting. In HE, hyperammonemia and in�ammatory responses are believed to act in synergism.
Probiotics, Lactobacillus plantarum UBLP40 and Bacillus clausii UBBC07 reduce small intestinal bacterial
overgrowth and hyperammonemia, thereby preventing the development of HE.

Methods: The effect of probiotics-Lactobacillus plantarum UBLP40 (107CFU/day, 14 days) and Bacillus
clausiiUBBC07 (107CFU/day, 14 days) combination and standard drug-lactulose (2.5 ml/kg in 3 divided
doses, 14 days) was studied in thioacetamide (250mg/kg for 3 days) induced acute HE in rats by
measuring behavioural parameters, biochemical parameters (serum AST, ALT, ALP and ammonia level),
neurochemical parameters and histopathology study in brain and liver.

Results: In contrast to only thioacetamide treated rats, probiotics treatment substantially (p<0.001)
reduced liver function parameters i.e. serum AST, ALT, ALP, and ammonia, improved behaviour
parameters, i.e. decreased motor disruption, improved memory impairment. Probiotics treated rats have
also shown a substantial improvement in parameters of oxidative stress, i.e. decreased lipid peroxidation
and increased glutathione level in brain tissue and ameliorate the histopathological changes induced by
thioacetamide in brain and liver.

Conclusions: It can be concluded based on  the �ndings that the combination therapy of Lactobacillus
plantarum UBLP40 and Bacillus clausiiUBBC07 proves to be effective in acute hepatic encephalopathy in
the preclinical stage and further studies are required to assess this therapy potential in the clinical stage. 

Introduction
Hepatic encephalopathy (HE) or hepatic coma is an onerous, not utterly understood complication
accompanying acute, chronic liver dysfunction and/ or portosystemic shunting (Khungar and Poordad
2012; Prakash and Mullen 2010). Its symptomatic signs may range from minor behavioural changes to
coma, in severe conditions it may lead to death (Prakash and Mullen 2010). HE has proven to be the most
signi�cant concern to patients with liver disorders (Cooper 2001; Ferenci 2017; Savy et al. 2018).

Several theories have been proposed explaining the causes behind the development of HE and its
progression. Though, the actual mechanism underlying behind HE is still under debate (Azhari and Swain
2018; Elwir and Rahimi 2017; Hadjihambi et al. 2018; You et al. 2017). The hypothesis generated says
about the role of ‘ammonia’ (NH3) and other neurotoxins which damaged liver does not excrete and is
stowed in the humans (Azhari and Swain 2018; Hadjihambi et al. 2018; Parekh and Balart 2018). Gut
micro�ora species are accountable for the generation of NH3 from various nitrogen sources as well by
the enterocytes (Diether and Willing 2019).  Physiologically, ammonia enters the brain and is utilized by
astrocytes to produce glutamine from glutamate (Suarez et al. 2002). This mechanism is dominant in the
case of impaired liver function. As the glutamine level gets elevated in the astrocytes cells to



Page 3/18

counterbalance excess solute due to osmotic gradient, �uid enters in the cells (Cooper 2001). This leads
to �uid accumulation which causes brain herniation and �nally death. Hyperammonemia also stimulates
oxidative stress and in�ammation (Cooper 2001; Savy et al. 2018).

Probiotics have always been proved to improve human health in various diseased conditions and some
research of it is found in the treatment of hepatic encephalopathy (Liu et al. 2018). Lactobacillus
plantarum UBLP40 is extracted from milk products and fermented foods, useful for maintaining the
acidity in the gut region. Bacterial induced acidic medium traps the ammonium ion and reduces
hyperammonemia (da Silva Sabo et al. 2014). Bacillus clausii UBBC07, a spore-forming bacterium that
exhibits resistance to commonly used antibiotics, intestinal wall adhesion, secretion of anti-microbial
against Gram-positive bacteria and immunomodulatory response, is another probiotic (Duc et al. 2004).
This probiotic is also indicated in conditions like diarrhea and Small intestinal bacterial overgrowth
(SIBO) (Chen and Quigley 2014). We extend our hypothesis that probiotics may reduce SIBO and
hyperammonemia, thereby preventing the development of HE. In this study, we evaluated the effect of
potential probiotic (Lactobacillus plantarum UBLP40 and Bacillus clausii UBBC07) against thioacetamide
(TAA) induce hepatic encephalopathy. TAA mainly damages the hepatocytes which carry out the urea
cycle and halts the metabolism of ammonia (Chen et al 2008; Farjam et al, 2012).

Materials And Methods
2.1 Probiotic

The strain of Lactobacillus plantarum UBLP40 and Bacillus clausii UBBC07 was obtained from Unique
Biotech Ltd, India. Certi�cate of Analysis of both strains included in supplementary �le 1. It was
inoculated in sterilized MRS broth solution and incubated at 37 °C in the bacteriological incubator.
Bacterial species were pelleted by centrifugation at 2000-3000 rpm, organisms were re-suspended in 500
mL phosphate buffered saline (PBS, pH7.4) and administered in rats via oral gavage every day.

2.2 Acid resistance, Bile resistance and Bile salt hydrolase (BSH) activity:

Both the strain of probiotic Lactobacillus plantarum UBLP40 and Bacillus clausii UBBC07 subjected for
evaluation of its acid resistance, bile resistance and BSH activity as described by Patel et al. (2020).

2.3 Animals and Housing

The SD rats weighing 170-200 gm were obtained from the Bombay Veterinary College, department of
pharmacology and toxicology, Maharashtra, India. The study protocol was approved by the IAEC (No:
SSR/IAEC/2019/05). The study was conducted as per the CPCSEA guide for the laboratory animals.
Twenty-four rats were housed and maintained under the standard condition in the good laboratory
practice (GLP) certi�ed animal house facility at SSR College of Pharmacy, India.

2.4 Experimental Design
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The SD rats were divided into four groups (n=6) and were acclimatized for a period of 1 week. After 7
days of acclimatization span,

Group I was assigned as a negative control

Group II served as induced control which was treated with thioacetamide (250 mg/kg/day i.p at an
interval of 24 h for 3 days),

Group III was treated with thioacetamide (250 mg/kg/day i.p, 3 days) + Lactobacillus plantarum
UBLP40 (107 CFU/day, p.o for 14 days) + Bacillus clausii UBBC07 (107 CFU/day, p.o for 14 days)

Group VI was given thioacetamide (250 mg/kg/day i.p at an interval of 24 h for 3 days) + Standard
treatment i.e lactulose (2.5 ml per kg in 3 divided doses, p.o for 14 days).

On the 14thday, rats were tested for behavioural functions (after two hours of treatment). On the 15thday,
rats were sacri�ced, initially, blood was collected for the determination of biochemical parameters and
then liver and brain samples were collected for determination of neurochemical parameters and
histopathological studies (Fig 1).

2.5 Behavioural tests

2.5.1 Rotarod test

An accelerating rotarod instrument was employed to record motor coordination, as per Vijitruth et al.
(2018) method. Rats were trained and the basal falling latency was recorded. After treatment, the �nal
falling latency was recorded.

2.5.2 T-maze test

The cognitive ability of the rats was analysed using T- shaped maze. This test was performed according
to the procedure stated by Hussein et al. (2018). Firstly, the animals are subjected to habituation period at
intervals; this is a crucial stage where the animals will inculcate learning only through habituation.
Secondly, they are rewarded properly based on how they act and what path they choose during the
habituation process and then trained accordingly. Spontaneous alternation is the main working principle.
After placing the rat at the entrance of t-maze for 10 s, the barrier was raised and the animal was
permitted to travel the maze for 30 seconds. It was granted a free choice. Thus, when it entered one of the
arms, it was blocked for 30 seconds, to explore this place. Afterwards, it was kept again at the starting
point. The session was restarted if the rat didn’t choose either of the arms after the 30s. A correct
response is “an alternating choice between the two arms”. The time of response (seconds) is also
recorded. Is there any latency in entering the goal arms or not and if yes then how much?

2.5.3 Object recognition test
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The design of test apparatus was as per Ennaceur and Delacour (1988). Two trials T1 and T2 were done
2-min each. In T1 (two identical objects) trial and T2 (one identical object was replaced with the unknown
object), trial objects were placed in two opposite corners of the in which the rats were to be placed. After
placing the rat into the ORT apparatus, it was allowed to explore the objects. Trial T2 was performed after
1-hour trial T1. Exploration was de�ned as follows: “directing the nose toward the object at a distance of
not more than 2 cm and/or touching the object with the nose”.

2.6 Biochemical parameters

2.6.1 Serum Alanine aminotransferase (ALT), Aspartate aminotransferase (AST) and Alkaline
Phosphatase (ALP)

The blood sample was centrifuged at 1500×g at 4 C° for 15 minutes. The serum was deliberately isolated
and used for further testing (El-Marasy et al. 2019). Assay kits based on colorimetric method were utilized
to detect ALT and AST. pNPP- AMP kinetic assay method kit was utilized to quantify the amount of ALP
in serum.

2.6.2 Serum Ammonia

This technique is based on the formation of indophenol which is a blue color compound and should be
this color is persistent. The testing procedure was performed as per Muramatsu (1967). This method
comprises two steps: �rstly, treatment of blood and second development of color. The optical density of
the established color was recorded at 610 nm.

2.7 Neurochemical parameters

2.7.1 Brain tissue homogenization

In 20 % phosphate buffer saline (PBS), the brain tissue was homogenized, centrifuged for 15 minutes at
1500 g at 4 C° and the supernatant was obtained for direct measurement of oxidative stress parameters
(El-Marasy et al. 2019).

2.7.2 Lipid peroxidation

TBARS method of Ruiz-Larrea et al. (1994) was used to determine lipid peroxides in the brain of rats. A
pink colored component was formed after mixing the reactants and heating it for 30 minutes. The
absorbance of this compound was measured at 532 nm.

2.7.3 Reduced glutathione

The content of reduced glutathione in brain tissue was measured using Ellman's reagent (DTNB)
(Danduga et al. 2018) Centrifugation was done for 20 min to separate supernatant of the mixture [Equal
volumes of tissue homogenate and TCA (10%)]. In 1ml of supernatant 3ml of phosphate buffer (0.2M, pH
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8) and 0.5ml of DTNB reagent (0.6mM in 0.2M Phosphate buffer) were added and mixed after which
absorbance was recorded at 412nm.

2.8 Histopathological study of brain and liver

After withdrawing blood samples, the rats were euthanized. Liver and brain from different group rats were
isolated and �xed in 10% neutral buffered formalin. These samples were sent for histopathological slide
and para�n wax preparation to Sakshi Histopathology Works, India. The prepared slides were observed
under the microscope, images were captured. The injury in liver cells, as well as brain cells injury and
in�ammation, were determined.

2.9 Statistical analysis

This analysis was done using Graph Pad Prism 8 (software, India). The results were indicated as
mean±SEM. All the data were analyzed by a one-way ANOVA test with a signi�cance level (P < 0.05).

Results
3.1 Acid Tolerance, Bile Salt Tolerance, and BSH Activity

This result of test indicates that B. clausii UBBC07 and Lact. Plantarum UBLP40 were able to withstand
and survive in highly acidic conditions and intestinal �uids.

3.2 Behavioural tests

3.2.1 Rotarod test

The effect of TAA and the probiotics on motor coordination is illustrated in Fig 2. This data reveals the
fall time of TAA administered rats (Group II) was signi�cantly reduced compared to the negative control
group. The probiotic and lactulose treated rats showed improved motor control and muscle grip strength
compared to Group II rats (3-NP) on the fourteenth day of the treatment regimen.

3.2.2 T-maze test

The TAA treated animals showed longer transfer latency than vehicle-treated normal rats (P < 0.001)
indicating impairment of memory (Fig 3). Probiotic treatment substantially reduced memory impairment
in the treated group (P<0.01) by reducing transfer latency relative to Group II animals on the 14th day of
the treatment regimen.

3.2.3 Object recognition test

The rats induced with TAA were not able to distinguish between the new and familiar object as compared
to the negative control group (Fig 4). 14-day probiotic treated rats signi�cantly distinguish new and
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familiar object and explored more time with new object compared to induced control, demonstrating that
reduced memory impairment caused by TAA.

3.3 Biochemical assessment

3.3.1 AST and ALT and ALP

The results of the liver function test (AST, ALT and ALP test) showed that TAA caused a substantial
increase in serum AST, ALT and ALP levels relative to the negative control group (Table 1) suggesting
marked liver damage. Treatment with probiotics signi�cantly decreases the serum AST, ALT and ALP level
compared to induced control, suggesting that the probiotic treatment was able to protect against TAA-
related injury.

3.3.2 Serum ammonia

The TAA administration resulted in a large rise in ammonia levels in the blood of rat’s relative to the
negative control group. Treatments with probiotic and lactulose showed signi�cantly low ammonia level
as compared to the induced control group (Table 1).

3.4 Neurochemical Assessment

3.4.1 Lipid peroxidation

The administration of TAA culminated in a substantial rise of lipid peroxidation in the brain, suggesting
damage incurred by oxidative stress (Table 1). Rats that obtained probiotic and lactulose therapy
reported a substantial decrease in TAA-induced lipid peroxidation, suggesting a pronounced reduction in
oxidative stress in brain tissues.

3.4.2 Reduced Glutathione

Treatment with TAA increased the oxidative stress, as evidenced by the signi�cant decrease in GSH levels
compared with the control group (Table 1). The probiotic and lactulose-treated group reported a large
improvement in GSH levels relative to the TAA group.

3.5 Histopathology study:

The microscopy was performed under 50x, 200x, 400x to examine the abnormalities in different organs
and cells. The livers of rats in the control group (Fig 5IC) showed normal histological structures. The cells
like hepatocytes and kupffer cells were intact and no in�ammation was observed. The livers from rats in
the TAA group (Fig 5 IIC) showed damaged liver cells (hepatocytes and kupffer cells) and slight
in�ammation. In disparity, the rats treated with probiotic (Fig 5 IIIC) exhibited little damage but the cells
were intact as compared with group IIA.  However, treatment with lactulose showed no sight of damage
and in�ammation (Fig 5 IIIC).
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In brain’s histology section, the hippocampus region was observed. The neurons and glial cells were
observed especially astrocytes. In induced control group Alzheimer type II astrocytes were not visible (Fig
6 IIC). Group III (Fig 6 IIIC) and group IV rats (Fig 6 IVC) showed normal histological structures, similar
architecture of hippocampus as compared to group I.

Discussion
Our current study represents the protective prospect of probiotics in acute hepatic encephalopathy, which
is regarded as a complication of liver damage. Astrocytes swelling or Alzheimer type II astrocytes are
considered as the hallmark of HE (Agarwal and Mais 2019). Liver damage in combination with increased
serum ammonia level and release of in�ammatory cytokines into systemic circulation might be the
possible factors for such hallmark (Swaminathan et al. 2018).

TAA induced fulminant hepatic encephalopathy is widely used preclinical models in laboratories as these
models represent similar characteristics of HE in rats. Hepatotoxic nature of TAA aids to degenerate the
hepatocytes, where the urea cycle conducts ammonia metabolism leading to the insu�cient liver (Auron
and Brophy 2018). Hence, increasing the serum ammonia level, in�ammation-causing astrocyte swelling
and various other clinical manifestation such as cognitive impairment, motor coordination and sleep
disturbances (Elwir and Rahimi 2017; Ferenci 2017). In our present study, crucial hepatic necrosis, swelled
astrocytes and vacuolization, markers of HE were observed in histopathological study of the liver in TAA-
induced HE rats that indicated morphological abnormalities as a result of hyperammonemia, oxidative
stress and neuro-in�ammation (Jayakumar et al. 2015 ). The standardization of the TAA model (Data are
not shown) performed to �x the dose of TAA with less mortality and higher liver damage. So, the dose of
250 mg/kg was �xed from the doses of 225 mg/kg, 250 mg/kg and 275 mg/kg.

In the present study, ingestion of TAA at a dose of 250mg/kg for three days in rats resulted in a
signi�cant reduction of the �nal falling latency duration in the Rotarod test. The possible reason for this
observation is the activation of cerebral astrocytes and microglia in brain due to increased blood
ammonia level causing impairment of motor coordination via neuro-in�ammation chaperoned by
heightened levels of gamma amino butyric acid in the cerebellum (Aldridge et al 2015; Jaeger et al.
2019). Final falling latency was elevated on probiotic administration as it improved the motor
coordination. Another behavioral parameter cognition and memory were evaluated by ORT, here
administration of TAA impaired the cognition as the rats were not able to distinguish between the novel
object and familiar object but memory improvement was observed on administering the combination
therapy as the rats were able to distinguish (Ennaceur and Delacour 1988). The T-maze test was also
executed to access the memory of rats that were having TAA induced HE. Response time was elevated
while the percentage of alternation was decreased in rats as the memory and motor coordination was
impaired (Hussein et al. 2018). Improvement was observed in rats after administration of probiotic
treatment.
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Escalated liver enzymes concentration in the serum indicated leaching of AST, ALT and ALP directly into
the bloodstream from the degenerated liver cells showing remarkable liver damage in only TAA treated
rats (Giannini et al. 2005). The rise in blood ammonia level was also observed in TAA administered group
while ammonia level was lesser in probiotics treated group. The ammonia liberated from injured liver
cells were prevented from being absorbed from the small intestine by probiotic. The site of action of
probiotics is small intestine where they are responsible for acidi�cation of gut. Acidic medium converts
ammonia into ammonium ion which gets trapped into the gut region and never crosses the gut
membrane as well as blood brain barrier (Ballan et al. 2020).

Normally GSH is a brain’s free radical scavenger and its level is decreased in TAA treated rats indicating
generation of more free radicals (Li et al. 2015). Lipid peroxidation level was increased as the
degeneration of lipids in the brain was raised by free radical. These free radicals were stimulated by
hyperammonemia and are accompanied by astrocyte swelling. This way, in TAA-induced HE showed a
higher MDA level which results in formation of free radicals leading to oxidative damage and reduced
brain GSH content. Rats that treated probiotic therapy reported a substantial decrease in TAA-induced
lipid peroxidation and increase GSH content, suggesting a pronounced reduction in oxidative stress in
brain tissues (Danduga et al. 2018; Ruiz-Larrea et al. 1994).

Conclusion
Based on the results and discussion of this study it can be concluded that the combination therapy of
Lactobacillus plantarum UBLP40 and Bacillus clausii UBBC07 proves to be effective in acute hepatic
encephalopathy in preclinical stage. Therefore, further studies are required to assess this therapy
potential in clinical stage.
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Tables
Table 1 Effect of Probiotics, Lactobacillus plantarum UBLP40 and Bacillus clausiiUBBC07 combination in
biochemical and neurochemical parameters against TAA-induced acute hepatic encephalopathy in rats
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Parameters Group I Group II Group III Group IV

AST 59.83±6.61 235±23.73****a 172.83±8.06****b 185.33±5.42****b

ALT 32±11.36 70± 6.41****a 51.33±3.32****b 52.83±1.94****b

ALP 88.66±32.81 219.33 ±20.84****a 178.16±11.58**b 186.8±7.78*b

NH3 128.33± 6.62 245±5.32****a 170.33 ±5.35****b 137 ±9.7****b

MDA 125.3 ±3.38 167.83±2.92****a 153.16±3.48****b 147 ±2.82****b

GSH 1.97±0.075 0.833±0.039****a 1.25±0.017****b 1.55 ±0.023****b

The Values are expressed as mean ± SD (n = 6), “a” TAA induced control signi�cant compared to Normal control whereas “b” lactulose

and probiotics treated group to TAA induced control group. ****p < 0.0001, ***p < 0.001, **p < 0.01 *p0.05.

Figures

Figure 1

Experimental design. ALT-Alanine aminotransferase; AST-Aspartate aminotransferase; ALP-Alkaline
Phosphatase (ALP); NH3- Ammonia; LP-Lipid Peroxidation; RG-Reduced glutathione
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Figure 2

Effect of Probiotics on motor coordination by Rotarod test in rats The values are calculated as mean ±
SD (n=6), ‘a’ TAA induced control signi�cant compared to Normal control whereas ‘b’ lactulose and
probiotics treated group to TAA induced control group. ****p < 0.0001, ***p < 0.001, **p < 0.01 *p0.05.
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Figure 3

Effect of Probiotics on memory impairment by T-maze test in rats The values are calculated as mean ±
SD (n=6), ‘a’ TAA induced control signi�cant compared to Normal control whereas ‘b’ lactulose and
probiotics treated group to TAA induced control group. ****p < 0.0001, ***p < 0.001, **p < 0.01 *p0.05.
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Figure 4

Effect of Probiotic on memory impairment by Object recognition test in rats The values are calculated as
mean ± SD (n=6), ‘a’ TAA induced control signi�cant compared to Normal control whereas ‘b’ lactulose
and probiotics treated group to TAA induced control group. ****p < 0.0001, ***p < 0.001, **p < 0.01
*p0.05.
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Figure 5

Histopathology study of effect of Probiotics on Liver against thioacetamide-induced acute hepatic
encephalopathy in rats (×50, ×200, ×400).
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Figure 6

Histopathology study of effect of Probiotics on Brain hippocampus region against thioacetamide-
induced acute hepatic encephalopathy in rats (×50, ×200, ×400).
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