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evaluate the changes in microbiome in both the liver and the gut in a rat
K . model of liver damage by Streptozotocin (STZ). The experiment was
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Bacterial Isolates, Liver Damage, Liver performed on adult male Wistar rats, divided in control and
Microbiome, Streptozotocin experimental groups. The experimental rats were treated with STZ
(65mg/kg b.w.) dissolved in citrate buffer, while the control subjects
were treated by injecting 0.5 ml normal saline. The liver and gut
samples were collected after the 14" week of drug/normal saline
treatment. The experimental results demonstrated a large increase in
microbes’ colonies in the liver with respect to the gut. The results
showed the appearance of grooves, flagella-like structures, and
undulated surfaces were observed in the three bacterial isolates i.e.,
control liver (CSBEBT37_1C _CL); STZ-treated liver
(CSBEBT37 1E SL) and STZ-treated colon (CSBEBT37 2E C),
respectively. The cocci bacterial cells exhibited smooth surfaces or
undulated surfaces with few projections. The bacterial isolates of the
STZ-treated colon were found to be rod in shape but had different
surface features in CSBEBT37 1E C, CSBEBT37 4E C, and
CSBEBT37 5E C, the surface displayed undulations without any
projections.The findings indicate increase in bacterial colonies by 9.06
folds in the liver damage and 2.4-fold in gut community in the STZ
treated rat model compared to the control and hence confirms the role
of microbiota in STZ induced experimental liver damages.
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Introduction:-

Streptozotocin (STZ) is derived from a soil bacterium called Streptomyces achromogenesvar.streptozoticus. Its
chemical name is 2-deoxy-2-(3-methyl-3-nitrosourea)-1-D glucopyranose, and morphologically more or less like a
glucose molecule. Various organs and living systems frequently consume and use glucose for energy.Thereare
glucose membrane transporters located in the plasma membrane of the cells of the visceral organs like the pancreas,
liver, kidneys, and small intestine, which transfer STZ. A specific glucose transporter known as Glucose transporter
2 (GLUT?2) aids in the movement of glucose or other carbohydrates across the cell membranes. GLUT?2 is reportedly
found in organisms like rats, humans, and monkeys but is present in different numbers, more in rats and less in
humans. However, STZ causes injury to the functional cells of these organs when it gains access to them through
GLUT2 and targets DNA, resulting in its breakdown (Kahramanet al., 2015; Rerup & Tarding; 1969; Zhanget al.,
2020). Rashmi ef al. (2018) have mentioned that the hepatic cells are impaired by the existence of the reactive
oxygen species (hydrogen peroxide, superoxide, and hydroxyl radicals) formed due to STZ. The chemical can
penetrate the bacterial cells via the phosphoenolpyruvate-carbohydrate phosphotransferase channel and exists inside
the cell in its phosphorylated form. The hydrolyzed STZ releases diazomethane, which causes damage to the
bacterial DNA(Zhanget al., 2020).

The hepatic portal vein fulfils nearly 70% of the liver blood requirement. Subsequently, it encounters the bacterial
cells and their products; thereby, the antimicrobial cells like Kupffer cells and B lymphocyteshelp in protecting the
organ (Sonet al., 2010). The gastrointestinal tract comprises about a hundred trillion germs and two thousand
distinct bacterial species. The microbes usually start to grow in the gut in the early stages of life and assist in
breaking down food, regulating antimicrobial agents, synthesizing vitamins and producing cholic acid and
chenodeoxycholic acid (Wang & Wan, 2019). Anatomically, the gut and liver are interconnected by the hepatic
portal vein. The portal vein carries blood from the digestive tract, gall bladder, pancreas, and spleen to the liver
(Carneiroet al., 2019). Moreover, the association between the organs is mutual; the bile secreted by the liver is
transported to the digestive tract, which is utilized by the microbes living there, and the microbes or their byproducts
migrate into the liver (Xuet al., 2022). However, some microbial byproducts, like short-chain fatty acids, minor
breakdown products of cholic acid act as the causative molecules for non-alcoholic fatty liver disease (Albilloset al.,
2020).

STZ is directly involved with cytotoxic effects, oxidative stress, and inflammatory properties that cause profound
alterations to the composition of the gut microbiome and produce liver damage. In the overall picture of STZ-
induced diabetes models, the gut-liver axis plays a crucial role, as alterations in the gut microbiome worsen liver
toxicity caused by the drug(Lefeverer al., 2016). Several authors have also reported the possible link between liver
damage and gut microbial populations.This link can also be labelled as the liver-gut axis. The gastric mucosal
barrier forms the leading interacting site between the gut and microbes, comprising the intestinal epithelial cells. The
barrier contains goblet cells that produce immunoglobulin, a rich mucous that only allows contactless interaction
between the gut lining and microbes. Bile also hinders microbial growth, inactivates microbial toxins
(Alexopoulouet al., 2017; Mufioz et al., 2019; Wiest & Garcia-Tsao, 2005). The physical damage in this barrier by
STZ is responsible for an impaired defence mechanism, and an alteration in the bile flow, can lead to complications
in the liver. This damage leads to the loss of permeability of the barrier, which is followed by the presence of
antibiotics, a high-fat diet and sepsis(Wang & Wan, 2019). Consequently, the microbes residing in the gut
effortlessly travel via the portal vein to the liver, where they cause notable damage to the liver or aggravate the
damaged condition.

The present study tried to explore the effect of STZ on the preexisting bacterial colonies found in the liver and gut of
the control and STZ-induced liver damage of rat models, which ultimately provides a microbial basis for diagnosing
and analysing the relationship between gut and STZ-induced liver damage.

Materials and Methods:-
Subjects and Drug Induction
Six male Wistar rats ofl0-11 weeks, weighing 100 = 10 grams were acquired from the animal house of Birla
Institute of Technology,Mesra, Ranchi (India) for performing the present work, and the study was approved by the
Institutional Animal Ethics Committee (1972/PH/BIT/81/24/IEAC).All the rats were maintained at room
temperature (24 £+ 1 °C) inside polypropylene cages with adequate food and water supply. Thesewere acclimatized
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for one week before the experiment. The subjects were divided into two groups: (i) Control and (ii) Experimental or
drug treated. Streptozotocin(Sigma-Aldrich, St. Louis, MO, USA) was dissolved in 100mM citrate buffer (pH 4.5),
and the prepared solution (65mg/kg b.w.) was administered to all the experimental ratsthrough the intraperitoneal
(i.p.) route(Zafaret al., 2009). The control rats were treated in the same way as the experimental subjects, however
by injecting 0.5 ml normal saline into them.The liver and gut samples were collected after the 14™ week of
drug/normal saline treatment.

Isolation, Staining and Characterization

After 14 weeks of drug induction, the liver and colon were extracted and isolated after sacrificing the rats and
washed thrice with 0.1M (pH 7.4) Phosphate Buffer Saline (PBS). Smaller portions of the liver were stored in sterile
water (0.9% NaCl) for further processing followed by dissolution of waste material from the colon region in 0.9%
NaCl. 100uL of organ and gutsamples were spread plated on nutrient agar plates and incubated for 24 hours at 37°C
to observe the growth of different types of bacteria. Several streaking was done to obtain the purified isolates.
Different purified isolates underwent Gram’s staining using the standard protocol (Thairuet al., 2014) using Gram-
staining kit. The stained bacterial isolates were examined at 40X and 100X under a microscope (Leica
microsystems, Wetzlar, Germany).Subsequently 16S rRNA sequencing was also conducted to identify the bacterial
isolates.

Field Emission Scanning Electron Microscope (FESEM) analysis

FESEManalysis was carried out for all the isolates to study surface morphology.Smears of purified isolates were
prepared and air-driedbeforethe conductive coating of the sample. The samples were loaded into the FESEM
equipment (Carl Zeiss, Gemini, Model- Sigma 300, Germany), and a high-magnification examination was
performed(Arunachalam &Davoodbasha, 2021).

Results:-

Isolation of bacteria and staining analysis

The STZ-treated rat liver showed more bacterial colonies than the control rat liver as shown in figure 1(a-d).Five
different bacterial isolates were obtained in both the conditions, control and STZ-treated rat liver. The colony count
of different isolates in both groups is tabulated in tablel. After computing the ratio, it has been concluded that the
colonies that appeared in the experimental liver were approximately nine times more as compared to the control
liver.

Figure 1:-Colonies obtained from (a) the liver of a control rat, (b) the liver of an STZ-treated rat, (c) the gut of a
control rat, and (d) the gut of an STZ-treated rat.
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Table 1:-Comparison of the number of colonies in (a) liver and (b) gut of the STZ treated subjects with respect to
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the control.
Liver Gut
Control STZ Treated Ratio Control STZ Treated Ratio
160 1450 1450/160 205 485 485/205
=9.06 =24

In liver samples, only gram-positive bacteria survived in both groups. However, according to the gram’s staining
results, gram-positive and gram-negative bacterial isolates were observed in gut samples of different groups.
Comparatively, more gram-positive isolates were observed in the experimental group of gut samples.All the isolates
of the liver in both conditions were shown in figure 2(A); purified bacterial colonies were obtained through the T-
streaking method in the control rat liver and (B) STZ-treated rat liver. Similarly, the gut isolates of different
conditions were shown in figure 3(A) Control rat gut and (B) STZ-treated rat gut.

(A) (B)

Figure 2:-(A) Purified bacterial colonies obtained through the T-streaking method in the control rat liver: (a)
CSBEBT37 _1C_CL, (b) CSBEBT37 2C CL, (¢) CSBEBT37 3C CL, (d) CSBEBT37 4C _CL, and (e)
CSBEBT37_5C_CL.(B)STZ-treated rat liver: (a) CSBEBT37 _1E_SL, (b) CSBEBT37 2E SL, (¢)
CSBEBT37 3E _SL, (d) CSBEBT37 4E SL, and (¢) CSBEBT37 5E SL.

(A) (B)
Figure 3:-Pure bacterial colonies obtained in (A) control rat gut: (a) CSBEBT37 _1C_G, (b) CSBEBT37_2C G, (¢)

CSBEBT37 3C G and (d) CSBEBT37 4C G and (B) STZ-treated rat gut: (a) CSBEBT37 1E G, (b)
CSBEBT37_2E_G, (c) CSBEBT37_3E_G, (d) CSBEBT37_4E_G.
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The phenotypic characteristics of the bacterial isolates of different groups of liver are shown in tables 2 and 3. The
characteristics of purified cultures of the gut at different conditions are shown in table 4 and 5 along with the
staining property.The gut isolates of different groups showed significant differences. The types of isolates obtained
were four, but with a huge number of colonies in control gut sample and four isolates were seen under experimental
conditions with fewer colonies.

Table 2:-Morphological characteristics of bacterial colonies observed after spread plating for control liver (C-
control group; CL- control liver).

S. No. |Phenotype |CSBEBT 1C CL|CSBEBT 2C CL|CSBEBT 3C CL|CSBEBT 4C CL|CSBEBT 5C CL

L. Colony White Yellow Grayish white White Pale orange
colour

2. Colony Irregular Irregular Small Circular Small
shape

3. Colony Undulate Smooth Smooth Smooth Smooth
margin

4. Colony Flat Raised Flat Convex Convex
elevation

5. Colony Opaque Opaque Transparent Opaque Opaque
opacity

6. Gram’s +ve +ve +ve +ve +ve
stain

7. Shapes Rod Cocci Cocci Cocci Rod

Table 3:-Morphological characteristics of bacterial colonies observed after spread plating for STZ-treated liver(E-
Experimental group; SL- STZ treated liver).

S. No.[Phenotype |CSBEBT_1E_SL|CSBEBT 2E_SL|CSBEBT 3E_SL[CSBEBT 4E_SL|CSBEBT 5E_SL

1. Colony White Yellow Grayish white White Pale orange
colour

2. Colony shape |Irregular Irregular Small Circular Small

3. Colony Undulate Smooth Smooth Smooth Smooth
margin

4. Colony Flat Raised Flat Convex Convex
elevation

5. Colony Opaque Opaque Transparent Opaque Opaque
opacity

6. Gram’s stain |+ve +ve +ve +ve +ve

7. Shapes Rod Cocci Cocci Cocci Rod

Table 4:-Characteristics of different cultures of the gut at control condition(C- control group; G- control gut).

S. No.|Phenotype CSBEBT37_1C_G|CSBEBT37_2C_G|CSBEBT37_3C_G|CSBEBT37_4C_G
1. Colony colour |White Creamish white Greyish-white Yellow

2. Colony shape  |Small Round Small Small

3. Colony margin |Irregular Smooth Smooth Smooth

4. Colony elevation|Flat flat Convex Umbonate

5. Colony opacity |Opaque Opaque Translucent Translucent

6. Gram’s stain +ve +ve -ve -ve

7. Shapes Rod Cocci Rod Rod
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Table 5:-Characteristics of different cultures of the gut at treated condition (E- Experimental group; G- Gut).

S. No.|Phenotype CSBEBT37_1E_G |CSBEBT37 2E_G|CSBEBT37 3E_G|CSBEBT37 4E_G

1. Colony colour |Creamish white Off-white White White

2. Colony shape  |Irregular Filamentous Circular Round with
radiating margins

3. Colony margin |Irregular (Undulate)|Irregular Smooth Irregular

4. Colony elevation|Crateriform Flat Convex Umbonate

5. Colony opacity |Opaque Opaque Opaque Opaque

6. Gram’s stain -ve +ve +ve +ve

7. Shapes Rod Rod Rod Rod

Analysis of FESEM micrographs

The purified colonies of the liver (control and STZ-treated rats) and colon (control and STZ-treated rats) were
examined under FESEM,and their surface morphology was closely studied.The appearance of grooves, flagella-like
structures, and undulated surfaces was observed in the three bacterial isolates i.e., control liver
(CSBEBT37_1C _CL); STZ-treated liver (CSBEBT37 1E SL) and STZ-treated colon (CSBEBT37 2E C),
respectively. The cocci bacterial cells exhibited smooth surfaces or undulated surfaces with few projections. The
bacterial isolates of the STZ-treated colon were found to be rod in shape but had different surface features in
CSBEBT37 1E C, CSBEBT37 4E C, and CSBEBT37 5E C, the surface displayed undulations without any
projections. All the FESEM images are illustrated in figures4 (A & B) of the control rat liver and 5 (A & B) of the
STZ-induced rat liver.

(B)

Figure 4:-FESEM images: (A) isolated from a control rat liver:(a) CSBEBT37 1C_CL, (b) CSBEBT37 2C CL, (c)
CSBEBT37 3C CL, (d) CSBEBT37 4C CL, and (e) CSBEBT37 5C CL.(B)STZ-treated rat liver: (a)
CSBEBT37 1E SL, (b) CSBEBT37 2E SL, (c) CSBEBT37 3E SL, and (d) CSBEBT37 4E SL and (e)
CSBEBT37_5E SL.

Table 6:-Results of 16S rRNA sequencing along with their accession numbers.

S. No Bacterial Isolates Similarity percentage (%) | Identification of bacteria

1. CSBEBT37 1C CL 100% Bacillus cereus

2. CSBEBT37 3C CL 99.29% Enterococcus faecalis

3. CSBEBT37_5C CL 99.93% Microbacteriumtrichothecenolyticum
4. CSBEBT37 4E SL 100% Mammaliicoccussciuri

5. CSBEBT37 4E G 100% Escherichia coli

6. CSBEBT37 3E G 99.46% Bacillus marisflavi
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(A) (B)
Figure 5:-FESEM images: (A) Control rat gut: (a) CSBEBT37_1C_G, (b) CSBEBT37 2C G, (¢)
CSBEBT37 3C G, (d) CSBEBT37_4C_G and (B)STZ-treated rat colon:(a) CSBEBT37 _1E_G, (b)
CSBEBT37 2E G, (c) CSBEBT37 3E_G,(d) CSBEBT37 4E G.

Analysis of 16S rRNA gene sequencing
16S rRNAgene sequencing was performed to identify the species of the isolates obtained, which is illustrated in
table 6.

Discussion:-

In the present study, the effect of streptozotocin on the diversity of the bacterial population of the liver and the gut
was observed using anSTZ-induced rat model of liver damage at the end of 14 weeks. The drug STZ was used in
many of the studies for the induction of diabetic conditions (Ghasemi &Jeddi, 2023). After five weeks of drug
injection, the effect of STZ on diabetic conditions started falling, and finally, after six weeks, the diabetes was found
to be normalized.

The gut comprises an abundance of bacteria forming the gut microbiome and the movement of bacterial colonies or
their byproducts from the intestinal mucosa to the liver happens, and the mechanism is known as bacterial
translocation (Alexopoulouet al., 2017). A fair number of bacteria have been isolated from patients with liver
diseases. Some of them showed decreased growth, including Enterococcaceae, Staphylococaceaein the case of non-
alcoholic fatty liver disease while increased growth of Enterococcus faecalis andCandida albicans in the case of
alcoholic fatty liver disease and steatosis. Alsoincreased growth of Enterococcaceae, Staphylococaceaein the case of
cirrhosis can also be observed(Albilloset al., 2020; Xu et al., 2022). In normal conditions, there is an unequal
distribution of good and bad bacteria in the digestive system(Maslennikovet al., 2023).

In this study, the association between the gastrointestinal tract and liver was also examined using a rat model after
14 weeks. STZ has also been documented to degrade liver cells (Aldahmashet al., 2016; Rodriguezer al., 2018;
Zafaret al., 2009). According to literature, the hepatic portal vein connects the liver to the digestive tract and the
tract contains diverse forms of bacteria. It should also be highlighted that it supplies nutrients rich blood but devoid
of oxygen. Hence, the bacteria travelling through this vein must be either a facultative anaerobe or an obligate
anaerobe. Interestingly, the former category of bacteria (phylum Bacillota) is more capable of migrating towards the
liver from the tract.

The investigation showed that the bacterial species belonging to the phylum Bacillota showed greater migration
efficiency. Almost all the bacteria isolated from the control and experimental liver falls under this phylum. These
bacterial species have been identified by the 16S rRNA sequencing, which resulted different genera like,
Enterococcus faecalis, Mammaliicoccussciuriand Bacillus cereus. Literatures revealed that these are considered
mostly as facultative anaerobes. Exceptionally, one of the bacterial strains CSBEBT37 5C _CL, identified as
Microbacteriumtrichothecenolyticum isolated from the control rat was found to be of Actinobacteria phylum.
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The intestinal barrier is a portal through which the bacteria can pass and reach the liver under certain physiological
conditions, including sepsis, antibiotics or a high-fat diet. Few studies have reported that some bacteria increase their
colony population in the cirrhotic liver such as Enterococcaceae and Staphylococaceaefamily microbes (Albilloset
al., 2020; Xu et al., 2022). Two strains, one from control rat liver (CSBEBT37 3C CL) and other obtained from the
experimental rat liver (CSBEBT37 3E SL) identified as Enterococcus faecalisbelonged to the Enterococcaceae
family while CSBEBT37 4C_CL, obtained from the control rat liver and CSBEBT37 4E SL, obtained from the
liver damage model of rat are identified as Mammaliicoccussciuri belonged to Staphylococaceae family.
Furthermore, Enterococcus faecalis has also been known to form biofilms (Kimet al., 2020). The increase in the
abundance of both bacteria in the experimental group indicated the liver cirrhotic state of the rat. Bacillus cereus is
not directly linked with liver cirrhosis but acute liver failure (Schreiberer al., 2021). A subspecies of it has also
shown healing effects in damaged liver (Liet al., 2019). Its increased colonial growth in the STZ-treated rat liver
may be linked with liver damage. The Microbacteriumtrichothecenolyticumis reportedly extracted from soil
(Mondaniet al., 2013), human blood culture (Gneidinge? al., 2008; Lauet al., 2020), and gut of mole cricket (Kimet
al., 2014) but was never reported in the healthy rat liver. Moreover, its abundance became low in the experimental
rat liver spread plate.

Thus, it can be concluded that the STZ-induced liver damage can be a vulnerable condition for the growth of
different bacterial species. The gut harbours an enormous number of bacteria, likely more than any region of the
digestive tract, as it has optimum pH, lacks bile andlacks many antibacterial agents (Kohlet al., 2018). However, the
microbial population of the STZ-treated colon was determined to be lower when compared to the control colon
plate. This decrease in colonies may suggest the influence of antibacterial activity of STZ as it has been documented
that different antibiotics may affect the microbial population (Yoonet al., 2003).

The lower abundance of bacterial colonies in the colon may also suggest the transitioning of native bacteria of the
colon to other organs of the living system. Furthermore, a bacterium isolated from the colon was identified as
Bacillus marisflavi (a facultative anaerobe), which was formerly reported from the mud flat of the Yellow Sea in
Korea (Yoon&Yoon, 2018) and disease-free marine fish’s gut. It was also experimentally found harmless to trout
fishes (Akayliet al., 2016); this highlights the present study, as it has appeared in the STZ-treated rat gut.

Conclusion:-

Significant information about liver and colon microbiota in rodent subjects submitted to STZ treatment was studied
and explained. In the case of the liver microbiome, our finding indicated that the abundance of bacteria increased by
9.06 folds in the liver damage of the rat model as compared to the control rat. Similarly, the abundance of the gut
community also gets altered in the treated rat model as the control gutas the intestinal barrier is disrupted, and
bacterial translocation is observed. The abundance of colonizing isolates was 2.4 folds more in the treated model
compared to the control model of rats. Nevertheless, the origin of bacterial colonies thriving in the healthy liver and
the migration of colon-based bacteria to other visceral organs apart from the digestive tract can be extensively
explored for future research work.
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