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Abstract 
 

Non-alcoholic fatty liver disease, characterized by abnormal fat accumulation in the liver that manifests many metabolic 

diseases, targets mainly the gut-liver axis and outcomes into non-alcoholic steatohepatitis, necrosis and fibrosis that ultimately 

lead towards cirrhosis. Probiotics, being “live microorganisms”, strengthen the immune system (both innate and adaptive) and 

are used in the prevention and treatment of many metabolic diseases. The present study aimed to explore the protective effects 

of three important strains, commonly used as probiotics, i.e., Lactobacillus spp., Bifidobacteria sp. and Streptococcus sp. against 

high fat high sugar diet-associated oxidative stress in conjunction with histopathological changes in intestinal epithelial cells, 

nephrons and hepatocytes in rat model. In this study, probiotics (2 x 10
6
 colony forming units) therapeutic potential was 

evaluated on gut-liver and kidney axis using in-vivo rat models. At the end of the study, serum was separated from blood for 

biochemical analysis while tissue samples of liver, kidney and intestine were collected for histopathological analyses. The 

results of cholesterol, triglyceride, total protein, alanine aminotransferase, aspartate aminotransferase, alkaline phosphatase, 

creatinine, urea and uric acid levels suggested ameliorative effects of probiotics in metabolic disease caused by high fat high 

sugar diet. Moreover, the entire antioxidant capacity was improved by probiotics administration as measured by serum total 

antioxidant capacity, total oxidant status, malondialdehyde, paraoxonase and arylesterase levels and by histopathological 

analysis of liver, gut and kidneys. These results suggest that the protective effects of probiotics supplementation might be 

mediated through gut microbiota modification. It was concluded that probiotics comprising these three strains are potential 

candidates for prevention or adjuvant treatment of metabolic diseases involving oxidative stress. © 2020 Friends Science 

Publishers 
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Introduction 
 

The gut-liver axis is considered an important player in 

mediating the obesity, non-alcoholic fatty liver disease 

(NAFLD) and the metabolic syndrome (Wiest et al. 2017). 

High fat high sugar diet causes gut dysbiosis and leads to 

production of lipopolysaccharides by Gram negative gut 

bacteria. The intestinal microbiota have potential role in 

controlling obesity, metabolic diseases and NAFLD 

(Mouzaki et al. 2013) through increased intrahepatic fat 

accumulation (Tilg and Moschen 2010). The hepatocellular 

inflammation and kidney injuries (Nallu et al. 2017) are 

secondary to altered intestinal permeability through toxins 

generated by gram negative bacteria (Schnabl and Brenner 

2014). The endotoxins produced by intestinal microbiota 

activate hepatic stellate cells to induce liver fibrosis (Miura et 

al. 2010). The microbiota under normal physiological 

condition produces endotoxins, that are absorbed through 

hepatic portal circulation and cleared by Kupffer cells 

(Zhang et al. 2007). Oxidative stress (Rolo et al. 2012) and 

low-grade inflammation in gastrointestinal tract are common 

features of metabolic diseases mediated via gut dysbiosis 

(Turnbaugh et al. 2006). The chronic kidney diseases (CKD) 

in association with dyslipidemia, oxidative stress, insulin 

resistance, obesity and NAFLD through gut host microbial 

interaction are well studied (Xu et al. 2017). Dietary 

interventions, systemic infection and liver diseases cause an 

increased endotoxin levels (Yatsunenko et al. 2012) that lead 

to increase intestinal permeability (Frazier et al. 2011), 

enhance Gram negative bacterial population and 

compromise Kupffer cells phagocytic abilities (Han 2002). 

Gut dysbiosis, Firmicutes to Bacteriodetes ratio (Elabd et al. 

2018), cause metabolic diseases associated with high fat and 

high sugar diets (Turnbaugh et al. 2009). High fat diet causes 

ectopic fat accumulation (Wiedemann et al. 2013), 

inflammation (Williams et al. 2014), oxidative stress (Sies, 
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2015), obesity (Murphy et al. 2013) and ultimately NAFLD 

(Valenzuela et al. 2012). The NAFLD often converts into 

more severe forms like non-alcoholic steatohepatitis, 

necrosis, fibrosis, cirrhosis and ultimately the hepatocellular 

carcinoma (Zhu et al. 2013). 

The gut microbiota maintain intestinal permeability, 

gut immunity, fat regulation and metabolism (Alonso and 

Guarner 2013). The intestinal lumen presents large surface 

area for microbial proliferation and their number (4 X 10
3
) is 

even greater than that of total body eukaryotic cells (3 x 10
3
) 

(Sender et al. 2016). The gut microbiota is considered as 

separate endocrine organ (Clarke et al. 2014), which 

maintains the host homeostasis and immunity through 

molecular crosstalk with management and detoxifying 

organs like kidneys and liver (Kieffer et al. 2016). Probiotics, 

being “live microorganisms”, strengthen the immune system, 

reduce inflammatory cytokines (Bernini et al. 2016) and 

cholesterol deposition (Sharma et al. 2016) in the blood and 

hepatocytes (Ma et al. 2013). Probiotics of specific strains 

control oxidants/antioxidant levels, support intestine through 

mucin production and modify the proinflammatory 

chemokines and cytokines (Sánchez et al. 2017). Previous 

studies have shown significant effects of Lactobacilli spp. (L. 

brevis, L. ruminis, L. casei, L. Plantarum, L. rhamnosus GG, 

L. farciminis, L. lactis L. acidophilus and L. Pentosus) and 

Bifidobacteria spp. (B. longum, B. bifidum, B. adolescentis 

and B. polyfermenticus) in the attenuation of colitis, diabetes 

and pancreatitis (Fang et al. 2017). 

The pathogenesis of NAFLD through gut microbiota 

(Boursier and Diehl 2015) is multifaceted and complicated, 

regarding our hypothesis “two hints” evolved. The first one 

is due to accumulation of fat in hepatic cells and 

hypercholestremia, while the other one due to the mediation 

of oxidative stress (Deng et al. 2019). Therefore, in this 

study, the mechanisms of anti-oxidants production and to 

minimize free radical through probiotics are investigated. 

The intestinal integrity plays role in lowering the endotoxin 

production and impaired lipid metabolism, which are 

considered as major players for pathogenesis of NAFLD and 

non-alcoholic steatohepatitis (Shen et al. 2018). As the 

probiotics are associated with gut health, so the impact of 

probiotics on gut-liver and kidney axis is also being 

investigated in the present study. 
 

Materials and Methods 
 

Probiotics 
 

The lyophilized mixed therapeutic grade bacterial strains of 

Lactobacilli spp., Bifidobacteria spp. and Streptococcus 

thermophilius containing 2 x 10
6
 colony forming units 

(CFU)/g (Amybact Powder, ICI Pakistan Nutraceutical) 

were purchased from medicine market, Faisalabad, Pakistan. 
 

Experimental design and animals used 
 

Total twenty four, 4 week old male albino rats were kept at 

animal housing facility of Institute of Pharmacy, Physiology 

and Pharmacology, University of Agriculture Faisalabad, 

Pakistan at 25 ± 2°C with relative humidity 55-60%, equal 

distribution of light and dark cycle, rat chow (Table 1) and 

water ad-libitum. Minimum pain and stress to the animals 

was assured during experimentation. The study was 

approved by Institutional Biosafety and Bioethics Committee 

(IBBC) Approval Number ORIC 499/19, University of 

Agriculture, Faisalabad. 

Four groups were made by random distribution as 

follows: (1) Vehicle group, ad libitum standard rat chow and 

water; (2) Probiotics group, rat chow with probiotics dose 2 x 

10
6
 CFU/rat/day for 18 weeks of commercially available 

therapeutic grade probiotics mixture containing 

Lactobacillus sp., Bifidobacteria spp. and Streptococcus 

thermophilus group; (3) High fat high sugar (HFHS) group, 

fed high fat (36%) and high sugar (40%) for 14 weeks with 

standard feed to develop the NAFLD model; (4) HFHS-

Probiotics group, fed as in group (3) along with therapeutic 

grade probiotics (Lactobacillus spp., Bifidobacteria spp. and 

Streptococcus thermophilus mixture) with the dose 2 x 10
6
 

CFU/rat/day for 4 weeks. The body weight of each rat was 

measured fortnightly. 
 

Blood and organ collection 
 

Blood collection was done at the 18
th
 experimental week. 

Rats were anesthetized with chloroform before sacrificing 

and blood of each rat was taken in separate vacutainers for 

serum collection in platelet activator gel. Serum was 

separated using centrifuge machine (Centrifugal Machine, 

China) at 1010 x g for 15 minutes and stored in the 

biomedical freezer (Sanyo Japan) at -20°C for biochemical 

analysis by using automated serum analyser (Bio-Ray 310 

diagnostic). Liver, kidneys and intestine of each rat was 

separated and preserved in 10% neutral buffered formalin 

solution for tissue analysis. 
 

Serum biochemical analysis 
 

The stored serum was thawed and analyzed for bilirubin, 

aspartate aminotransferase (AST), alanine aminotransferase 

(ALT), alkaline phosphatase (ALP), total protein, 

triglycerides, high density lipoprotein (HDL), low density 

lipoprotein (LDL), cholesterol, uric acid, urea, creatinine, 

albumin and globulin through commercially available bio-

kits (Merck, Pvt., Ltd.) according to the given protocols. The 

oxidant and antioxidant status were assessed through 

measuring total oxidant status (TOS), total antioxidant 

capacity (TAC), malondialdehyde (MDA), superoxide 

dismutase (SOD) and arylesterase levels through 

calorimetric method using spectrophotometer (Thermo 

Scientific Multiskan GO™ with SkanIt software 4.1) 

according to manufacturer guidelines (Juretić et al. 2006). 
 

Tissue analysis 
 

The histopathological analysis of liver, intestine and kidney 
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tissues was performed by preparing the slides according to 

protocols mentioned in the literature (Bedossa et al. 2012). 

The histological images of liver, intestine and kidney 

sections were taken with the camera (TOUPCAM, ToupTek 

Photonics Co., Ltd.; China) attached to a light microscope 

(Model IM-910 IRMECO GmbH & Co.; Germany). The 

degree of histopathological alterations (Brown and Kleiner 

2016) was evaluated for each group of liver, intestine and 

kidney and classified according to the severity such as 0 for 

normal limits, 1 for minimal, 2 for slight, 3 for moderate and 

4 for severe as mentioned in previous study (Mann et al. 

2012). 
 

Statistical analysis 
 

The SPSS software (version 16.0) was used for data analysis 

to calculate significance (P ≤ 0.05) difference through one 

way ANOVA following post hoc assessment by DMR test. 

For histopathologic statistical analysis, Kruskal-Wallis test 

was applied in order to determine the effects of treatments on 

each experimental parameter. All results were expressed as 

Mean ± SE. 
 

Results 
 

Probiotics supplementation restores the HFHS diet-

associated alterations in serum biochemical parameters. 
 

As expected, high fat and high sugar diet administration for 4 

weeks resulted in increased serum lipid profile (Moreno-

Fernández et al. 2018). Thereafter, probiotics 

supplementation for 4 weeks significantly ameliorated the 

HFHS diet-induced hypercholesterolemia and elevated 

triglyceride levels, total protein and globulin as shown in Fig. 

1. 
 

Probiotics improve HFHS diet-induced hepatic 

dysfunction 
 

The higher values of ALT, AST and ALP in HFHS group 

suggested hepatic malfunction. Probiotics supplementation 

in HFHS-Probiotics group significantly restored AST and 

ALP levels whereas non-significant reduction was observed 

in ALT and bilirubin levels (Fig. 2). The histopathological 

analysis of vehicle group (Left panel) showed normal 

hepatocytes, hepatic triad and no fat accumulation. On the 

other hand, histopathological analysis of HFHS diet-treated 

group (Middle Panel) showed abnormal hepatic triad, 

cytoplasmic vacuolation, perivascular and portal cell 

infiltration, fat accumulation in hepatocytes, eccentric and 

pyknotic nuclei. The HFHS-Probiotics group (Right panel) 

showed restoration of liver parenchyma suggesting 

ameliorative effects of probiotics on HFHS diet-induced 

alterations in liver tissue (Fig. 3, Table 2). 
 

Probiotics improve HFHS-induced alteration in 

intestinal architecture 
 

The histopathological analysis of images of vehicle group 

(Left panel) showed the normal epithelial lining, villi 

structure, glands and intestinal mucosa. The HFHS group 

(Middle panel) showed fat accumulation in ilial region and 

damaged gut mucosa and villi. The thick epithelium showed 

pyknotic and eccentric nuclei. The HFHS-Probiotics group 

(Right panel) showed rare cytoplasm vacuolation, normal 

villi and glandular epithelium suggesting ameliorative effects 

of probiotics on gut health (Fig. 4, Table 3). 
 

Probiotics alleviate renal damage associated with HFHS 

diet 
 

The serum biomarkers for renal injury including creatinine, 

urea and uric acid level showed significant difference in 

HFHS group (Fig. 5). Histopathological analysis of vehicle 

Table 1: Rat diet composition 
 

Feed Constituents Normal Diet High Fat and High Sugar (HFHS) Diet 

Fat 6 % 36% 

Sucrose Nil % 40% 

Crude protein 20 % 8.75% 
Crude fiber 4.5 % 1.23% 

Ash 6 % 0.9% 

Nitrogen free extract 63.5% 13.12% 

 

 
 

Fig. 1: Effect of HFHS-diet and probiotics on serum lipid and 

protein profile. Results are expressed as Mean ± SE. Different 

alphabets show statistically significant at P < 0.05 



 

Therapeutic Effects of Selected Probiotics in Liver Diseases / Intl J Agric Biol, Vol 23, No 2, 2020 

 457 

group (Left panel) showed normal Bowman’s capsule and 

proximal convoluted tubular structure. The HFHS group 

(Middle panel) showed distorted glomeruli with increased 

Bowman capsular space. The histological analysis of HFHS-

Probiotics group (Right panel) showed renal architecture 

comparable to that in vehicle-treated group. Probiotics 

restored serum biomarker levels in HFHS-Probiotics group 

and ameliorated the overall renal architecture as observed by 

histological analysis (Fig. 6; Table 4). 

 

Probiotics reduce oxidative Stress associated with HFHS 

diet 

 

The TOS, TAC and MDA assay showed significant 

difference in HFHS group as compared to that of vehicle 

group. Probiotics supplementation reduced the HFHS-

induced elevated oxidative stress markers (TOS, MDA) and 

increased the antioxidant parameter (TAC). Results of 

paraoxinase and arylesterase activity showed non-significant 

difference among the groups (Fig. 7). 

Discussion 
 

Liver and gut are anatomically and physiologically 

connected organs (Zhao et al. 2019). The gut microbiome 

play significant role in maintaining host immunity (Kau et al. 

2011) and metabolism (Mazidi et al. 2016). Experimental 

data on gut-liver axis has provided important mechanistic 

 
 

Fig. 2: Effect of HFHS-diet and probiotics on liver function 

markers. Results shown are the Mean ± SE, while different 

alphabets suggest statistical significance at P < 0.05 
 

 
 

Fig. 3: Effect of HFHS-diet and probiotics on liver histology. The 

H&E stained images of liver histopathology (Magnification 

400x). Three representative images from respective group 

showing different areas of liver tissue. CN, centrilobular necrosis; 

CV, cytoplasmic vacuolation; EN, eccentric nuclei; FC, focal 

hepatic necrosis; PVP, peri-vascular and portal cell infiltration; 

SD, sinusoidal dilatation 

 
 

Fig. 4: Effect of HFHS-diet and probiotics on ilium histology. 

Three representative images from respective group showing 

different areas of ilium. CV, cytoplasmic vacuolation; DV, 

damaged villi; H, hemorrhages; MD, mucosal damaged; TI, 

thickened intestinal muscle layer 
 

 
 

Fig. 5: Effect of HFHS-diet and probiotics on renal function 

markers. Results shown are the Mean ± SE, while different 

alphabets suggest statistical significance at P < 0.05 
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insights into pathophysiology of liver diseases (Tilg et al. 

2016). The hepatic gene expression of obese individuals 

suggest endoplasmic reticulum stress and periportal 

inflammation in mediating the NAFLD (Soderborg et al. 

2018). Therapeutic strategies are being explored to modulate 

gut microbiota, gut permeability and bile acid signaling (Jiao 

et al. 2018) in preventing NAFLD. The HFHS diet produces 

NAFLD (Sellmann et al. 2015) by increasing fat 

accumulation, inflammation, neutrophils infiltration, 

necrosis, fibrosis at hepatocellular level (Xu et al. 2003) and 

can be indicated by higher levels of ALT and AST in serum 

(Hussain et al. 2019). Several studies have demonstrated 

ameliorative effects of probiotics in liver diseases with 

different dosage in experimental models (Cho et al. 2018; 

Hong et al. 2018). The current study aimed to investigate the 

protective effects of probiotics in HFHS-induced NAFLD in 

rat model. 

Lipid homeostasis is regulated through balance 

between lipid generation and lipid utilization. In liver 

diseases, dysfunction in lipolytic and lipogenic pathways 

occurs (Liu et al. 2017). Consistent with previous literature, 

the increased burden of triglycerides (Marchesini et al. 

1999), cholesterol, low density lipids and drop down in high 

density lipids was accompanied with the dysfunction of liver 

as suggested from increased activities of liver function 

enzymes (Weber et al. 2003). The results from our research 

model indicated successful induction of disease. Probiotics in 

HFHS-Probiotics group lowered the triglycerides burden, 

decreased the cholesterol level, increased the HDL level and 

lowered the LDL level suggesting the role of probiotics in 

regulating lipid metabolism. The possible mechanisms of 

probitics include: 1) reduced the toxins generated by food 

components and host microbiota through alterations in the 

levels of ROS, TNF-α, LPS and SCFA 2) modulates host 

innate and adaptive immunity 3) maintains host pathogenic 

and commensal microbial balance (Al-Muzafar and Amin 

2017). 

HFHS-diet causes gut dysbiosis, which increase LPS 

generation and intestinal permeability that are associated 

with metabolic disturbances. Furthermore, these metabolic 

disturbances may hamper fat and glucose metabolism 

through which hypercholestremia, hyperglycemia and 

ultimately hepatosteatosis occurs (Al-Muzafar and Amin 

2017). The elevated levels of AST, ALT and ALP have also 

been noticed in previous studies of liver disease models 

(Rahmat et al. 2014). These biochemical parameters have 

considered as baseline parameters to declare hepatic 

impairment (Gazwi and Mahmoud 2019). In our study, 

elevated levels of ALT, AST, ALP and bilirubin strongly 

validated the studied models of liver diseases. The 

ameliorative effects of probiotics in fatty liver diseases might 

be ascribed to their antilipogenic properties (Moratalla et al. 

2014). Probiotics have played role in normalizing the liver 

enzyme levels to lessen the disease burden (Nabavi et al. 

2014). In liver diseases, irregularities are frequently observed 

in hexagonal hepatic lobule, portal triad, central vein and 

centric nuclei (Hussain et al. 2019). These irregularities 

along with fat accumulation and necrosis have also been 

observed in our study. Probiotics lowered the lipid 

peroxidation at hepatic cellular levels through which reduced 

inflammation and restored hepatic portal triad, central lobular 

architecture alongwith absence of fat accumulation occurred. 

The systemic vasodilation, increased nitric oxide (NO), 

reduced renal blood flow and glomerular filtration in liver 

Table 2: Probiotics supplementation improves histological structure of liver in HFHS-diet associated NAFLD 
 

Histology parameters Vehicle HFHS-Vehicle HFHS-Probiotics Kruskal-Wallis Test for global comparison of organ lesion among groups 

Asymptotic Significant (P < 0.05) 

Cytoplasmic vacuolation 0.33 ± 0. 08 1.5 ± 0.01 0.75 ± 0.11 0.01 

Focal hepatic necrosis 0.16 ± 0.08 1.5 ± 0.06 0.91 ± 0.16 0.001 

Centro-lobular necrosis 0.16 ± 0.08 1.80 ± 0.08 0.91 ± 0.16 0.001 
Eccentric nuclei 0.25 ± 0.08 2.00 ± 0.17 1.00 ± 0.22 0.001 

Pyknotic nuclei 0.53 ± 0.01 1.52 ± 0.01 0.91 ± 0.11 0.001 

Sinusoidal dilatation 0.25 ± 0.10 1.43 ± 0.12 0.83 ± 0.01 0.006 
 

Table 3: Probiotics supplementation improves histology structure of ilium in HFHS-diet associated impaired ilium 
 

Histology parameters Vehicle HFHS-Vehicle HFHS-Probiotics Kruskal-Wallis Test for global comparison of organ lesion among groups 

Asymptotic Significant (P < 0.05) 

Cytoplasmic vacuolation 0.25 ± 0.08 1.75 ± 0.12 0.91 ± 0.11 0.001 

Damaged villi 0.25 ± 0.08 2.0 ± 0.11 0.91 ± 0.16 0.001 

Thickened intestinal muscle layers 0.33 ± 0.14 1.66 ± 0.08 0.91 ± 0.11 0.001 
 

Table 4: Probiotics supplementation improves histological structure of kidney HFHS-diet associated renal damaged 
 

Histology parameters Vehicle HFHS-Vehicle HFHS-Probiotics Kruskal-Wallis Test for global comparison of 

organ lesion among groups 

Asymptotic Significant (P < 0.05) 

Cytoplasmic vacuolation of tubular epithelium 0.25 ± 0.08 1.91 ± 0.08 0.83 ± 0.14 0.011 

Tubular necrosis 0.25 ± 0.08 1.58 ± 0.21 1.00 ± 0.11 0.008 

Tubular thickening 0.166 ± 0.11 1.50 ± 0.06 1.08 ± 0.11 0.002 
Interstitial cell infiltration 0.166 ± 0.11 1.75 ±0.06 0.91 ± 0.16 0.004 

 



 

Therapeutic Effects of Selected Probiotics in Liver Diseases / Intl J Agric Biol, Vol 23, No 2, 2020 

 459 

diseases could be due to hypoalbuminemia. The role of 

albumin to enhance the sodium retension, vasoconstriction, 

arterial pressure and in reducing rennin aldosterone level and 

ascites, secondary to the cirrhosis are most frequently 

observed (Walayat et al. 2017). The total protein contents ( 

Castro et al. 2013) including albumin and globulin varied 

significantly consistent with HFHS group induced impaired 

liver functioning. The supplementation of probiotics in 

HFHS-Probiotics group has restored the hepatic and renal 

function markers. The probiotics of different starins in 

previous study suggested decreased morbidity and mortality 

in patients suffering from hepatic malfunctioning 

(Velayudham et al. 2009). 

Detoxification of gut derived pathogens presented 

through hepatic portal system becomes weaker in liver 

disease (Schnabl and Brenner 2014). Innate immunity 

response and intestinal integrity to maintain gut barrier for 

bacterial translocation are well studied (Jiang et al. 2015). 

The healthy mucosa limits intestinal colonization of 

opportunistic bacteria. In liver diseases, the congestion of 

enetric veins leads to necrosis and apoptosis of enterocytes 

(Wang et al. 2012). The gut microbiota affects cellular 

metabolism in hepatic and adipose tissue (Griffiths et al. 

2004). Probiotics beneficial effects help the intestinal 

mucosal lining to provide maximum gut barrier function for 

immunity, moreover direct regulation, production and 

secretion of gut peptide hormones from enteroendocrine cells 

in controlling the satiety as (Li et al. 2019). 

The undigested food in colon upon fermentation 

generated phenols, indoles and amines (Guldris et al. 2017). 

These endogenous toxins increase the gut permeability, 

inflammation and oxidative stress related chronic kidney 

diseases. Whereas, the probiotics tranformed the undigested 

food into short chain fatty acids (Flint et al. 2008), thereby 

exert anti-inflammatory action through lowering IL17A and 

 
 

Fig. 5: Effect of HFHS-diet and probiotics on renal function 

markers. Results shown are the Mean ± SE, while different 

alphabets suggest statistical significance at P < 0.05 

 
 

Fig. 6: Effect of HFHS-diet and probiotics on renal histology. 

Three representative images from respective group showing 

different areas of renal tissue. CV, cytoplasmic vacuolation of 

tubular epithelium; ICI, interstitial cell infiltration; TN, tubular 

necrosis; TT, tubular thickening 

 

 
 

Fig. 7: Probiotics ameliorate HFHS-diet associated oxidative 

stress. The oxidant and anti-oxidant status. 
Results shown are the Mean ± SE. Different alphabets indicate statistical 

significance at P < 0.05 
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TNFα (Moya-Pérez et al. 2015). Uremic toxins accompanied 

with liver diseases accumulated renal waste (Bammens et al. 

2006). The malfunctioning in emulsification of fats and 

excretion results in urates deposition in nephron and 

ultimately renal damage concomitant with liver disease 

(Palanisamy et al. 2008; Sasson and Cherney 2012). In our 

study the higher levels of uremic toxins (uric acid, urea and 

creatinine) along with the observed degeneration in 

Bowman’s capsule and excessive neutrophils infiltration 

indicate renal damage. Probiotics improved the serum 

uremic levels and histological architecture of nephron 

possibly through lowering the inflammatory and pro-

inflammatory cytokines as supported with the previous 

studies (Pei et al. 2018; Jia et al. 2018). 

Supplementation of probiotics attenuated oxidative 

stress induced by high fat and high sugar diet consistent with 

previous literature (Asemi et al. 2012; Ejtahed et al. 2012; 

Mehmood et al. 2018; Hafez and Gad 2018). The plausible 

mechanisms could be the decrease methylation of MutL 

homolog 1 (MLH1) promoter (Yang et al. 2013) and 8-

hydroxy-20-deoxyguanosine level in plasma (Sáez-Lara et 

al. 2016), significantly increase in superoxide dismutase 

(SOD) activity (Hariri et al. 2015) in probiotics group. The 

different strains of probiotics supplementation like 

Lactobacillus, Bifidobacteria, Bacillus or Enterococus result 

in decreasing the ammonia level in feces and blood through 

binding the endotoxins (Zhao et al. 2019). Although, 

oxidative stress produces hepatic impairment in NAFLD, the 

generation of antioxidants enzyme maintain cumulative 

redox balance (Armutcu et al. 2005). As also, probiotics in 

our study help in maintaining the anti-oxidant capacity and 

lowering the oxidative stress. 

 

Conclusion 
 

We evidenced that probiotics have therapeutic role in 

ameliorating HFHS-associated NAFLD. As it inflict, 

probiotics improve serum biomarkers and the 

histopathological architecture of liver, intestine and kidneys. 

It is plausible to use probiotics in the prevention and 

treatment of metabolic syndrome associated with HFHS-diet 

involving gut-liver and kidney axis. 
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