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					ABSTRACT  

					ARTICLE INFO  

					The diet profoundly impacts the microbial ecology in the gastrointestinal tract and the majority of  

					biological functions. This study attempts to discover the effects of chronic high-protein diets  

					(HPD) and Lactic Acid Bacteria (LAB) on the liver, spleen, kidneys, and colon histology, with a  

					special focus on their interactions with the gut flora. In a 12-week treatment program, which  

					categorised four groups of obese rats, each receiving either a normal diet (14% whey protein) or  

					a high-protein diet (50% whey protein), with and without the inclusion of Lactobacillus  

					acidophilus (LAB). The HPD diet significantly increased liver transaminases (AST (78.29 U/L)  

					and ALT (66.43 U/L)), while normal diets raised insulin levels (0.95 µU/mL); however, their  

					combination with LAB improved HbA1c (2.5) and insulin levels (0.25µU/mL). HPD caused  

					infiltrations in the muscular layers of the colon and hypertrophy of the glomeruli, as well as  

					dilation and congestion of the capillary sinuses, not to mention the significant infiltration in the  

					splenic red and white pulps. Normal diets caused fatty deposits in the kidneys and hyalinisation  

					of the tubules, as well as lymphatic aggregations in the intestinal crypts and damage to epithelial  

					tissue. The consumption of high-protein diets in association with LAB (10%) significantly  

					increased the number of Lactobacillus compared to the group on normal diets and  

					Clostridium_sensu_stricto_1 in HPD without LAB association (12%). The association of LAB to  

					the HPD diet improves their impact on general physiological functions and specifically improves  

					gut microbiota.  
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					But other tissues or organs, such as conventional immune organs, could  

					also have a role in the genesis of inflammatory processes.4 In addition,  

					Introduction  

					A prevalent disease that impacts nations at all levels of  

					development is obesity. It ranks as the second most common cause of  

					premature death globally. Because diets heavy in simple carbs and  

					saturated fats are widely accepted, along with sedentary lifestyles, the  

					incidence of obesity is fast rising.1 A healthy diet is one of the elements  

					that can be controlled in developing metabolic syndrome. Milk and  

					dairy products are abundant in protein, calcium, phosphorus, potassium,  

					and magnesium. Milk proteins consist of vital amino acids, especially  

					branched-chain amino acids.2 The popularity of high-protein diets for  

					controlling body weight has contributed to their increased usage in  

					recent years. The liver is the main organ that breaks down  

					macronutrients in the body, and it is also connected to the development  

					of several disorders.3  

					obesity has an impact on the structure and function of the spleen. In  

					obese individuals, the spleen often shows a significant buildup of fat  

					and disrupted immune responses.5 Prior research has indicated that  

					excessive use of whey protein can negatively affect long-term health.  

					The unfavourable effects include a rise in the occurrence of acne,6  

					microbiota dysfunction,7 and changes in the regular metabolism of the  

					kidneys,8 and liver.9  

					Moreover, adding spices to rats’ meals might improve the recovery of  

					heart and liver damage brought on by consuming diets that promote  

					metabolic syndrome by reducing serum enzyme activities and  

					alleviating dyslipidemia.10 The spleen is classified as a secondary  

					lymphoid organ, where T and B cells undergo antigen-dependent  

					proliferation and differentiation. When an animal is complete, the  

					histological nature of the spleen matches the normal characteristics of  

					the species. The spleen cords protrude from a capsule that surrounds the  

					organ externally. The pulp of the spleen is red and white. The reticular  

					cells that surround the blood cells make up the red pulp. The splenic  

					lymph nodes and the arteriolar lymphoid sheath that envelops them  

					make up the white pulp.11  

					In the last ten years, research into the billions of microorganisms  

					(microbiota) that live inside the human body has significantly increased  

					their interactions with their hosts. These previously overlooked  

					individuals have been acknowledged for their role in various  

					physiological functions of the host, including metabolism, immunity,  

					cardiovascular function, and neuronal development. Any disruption or  

					dysfunction in their structure or function can disrupt the balance  

					between the microbes and the host, potentially leading to disease.12  

					Hence, comprehending the significance of gut microbiota in the  
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					progression of human ailments is crucial. Long-term consumption of a  

					diet high in casein and proteins has impacted the liver’s metabolic  

					pathways, increasing triglyceride (TG) deposition, inflammation, and  

					enzyme activation in response to increased oxidative stress and pH  

					imbalance.3 The majority of the amino acids released from consumed  

					protein during proteolysis are either transported to peripheral tissues for  

					protein synthesis or to the liver for gluconeogenesis, where they  

					eventually break down and create ammonia as a byproduct. Hepatic  

					encephalopathy, which arises when the liver’s urea cycle performance  

					is impaired, is one of the clinical disorders where elevated ammonia  

					concentrations in the brain significantly reduce neuronal activity.13  

					All previous studies have extensively examined the effects of high-  

					protein diets and the impact of Lactobacillus sp. on physiology and the  

					microbiota separately, and this highlights the originality of this work,  

					where we studied the importance of their association with various vital  

					functions. Our study aims to investigate the effect of long-term  

					consumption of the described diets, with or without LAB, on the  

					physiology of the liver, spleen, colon, and kidneys, as well as their  

					effects on insulin resistance, especially their interactions with the gut  

					microbiota.  

					unfettered access to food and beverages. The protocol adhered to the  

					criteria of the National Institutes of Health (NIH). All animal  

					experiments conducted at the University of Abdelhamid Ibn Badis,  

					Mostaganem, have been approved by the local ethics council for the  

					institution’s animal care, with Approval No. 2019-013. The rats were  

					provided with a high-fat diet containing 30% animal fat, following the  

					AIN-93M (American Institute of Nutrition) rodent diet composition, as  

					shown in Table 1. This diet was maintained for 12 weeks until the rats  

					reached a body weight range of 350-450 grams. The rats were split up  

					into four groups and randomly allocated to either a high-protein diet or  

					a normal diet. The rats were categorised into four diet groups, with 8  

					rats in each group. The diet groups were normal diet (Control: 14%  

					whey protein), normal diet with lactic acid bacteria (LAB) (NL: 14%  

					whey protein + LAB (L. acidophilus)), high protein diet (PD: 50% whey  

					protein), and high protein diet with LAB (PDL: 50% whey protein +  

					LAB (L. acidophilus)). The constituents of the whey protein diet were  

					identical to those of the control diet, with the exception that half of the  

					dietary starch was substituted with whey protein. Each rat was given  

					fresh food three times a week by replacing the food container for each  

					rat.  

					The bacterial cell was incubated for a minimum of 19 hours to achieve  

					a concentration of 5x108 CFUs, as determined by the absorbance value  

					(OD) and CFUs measured throughout the 24-hour incubation period.  

					The collected bacterial cells were centrifuged at 3500 rpm for 10  

					minutes, and the liquid portion was discarded. The rats in each subgroup  

					were administered the LAB (L. acidophilus) orally via a gavage tube at  

					a dosage of 5x108 CFU/mL/day, with a volume of 1 mL each day.  

					Materials and Methods  

					Animals and Experimental Design  

					Thirty-two healthy male Wistar rats were acquired from the Pasteur  

					Institute in Algiers, Algeria. Following the quarantine period, the rats  

					were placed in cages within a room that had good air circulation. The  

					room was set to a 12-hour light and 12-hour dark cycle. The rats had  

					Table 1: Composition of different dietary components.  

					Ingrédients (g/Kg)  

					Proteins (whey protein isolate 97%)1  

					Starch flour2  

					Control  

					140  

					572.7  

					100  

					100  

					40  

					NL  

					140  

					572.7  

					100  

					100  

					40  

					PD  

					PDL  

					500  

					212.7  

					100  

					100  

					40  

					500  

					212.7  

					100  

					100  

					40  

					sucrose 3  

					Cellulose (son de blé)4  

					Soybean oïl5  

					Minerals mix , AIN 93-M6  

					Vitamins mix , AIN 93-V7  

					Choline 8  

					35  

					10  

					2.3  

					35  

					10  

					2.3  

					35  

					10  

					2.3  

					35  

					10  

					2.3  

					Energies (kcal/g)  

					3610.8  

					3610.8  

					3610.8  

					3610.8  

					1

					Pure Whey Isolate™ 97, BULK, a company registered in England & Wales (company number 05654661) with registered address: Unit 1 Gunfleet  

					Business Park, Brunel Way, Colchester, Essex, CO4 9QX, UK. Registered in the UK for VAT No. GB 254 5648 84.  

					2,3,4 Sigma Aldrich S9765-500G, S9378-1KG, C6288-250G.Allemagne.  

					5 Biomérieux, Allemagne.  

					6,7 MP Biomedical, US.  

					8 BULK, a company registered in England & Wales (company number 05654661) with registered address: Unit 1 Gunfleet Business Park, Brunel Way,  

					Colchester, Essex, CO4 9QX, UK. Registered in the UK for VAT No. GB 254 5648 84.  

					-Control: 14% whey protein  

					-NL: 14% whey protein + LAB (L. acidophilus)  

					-PD: 50% whey protein  

					-PDL: 50% whey protein + LAB (L. acidophilus)  

					The HOMA-IR index was calculated using the following formula:  

					Measurement of Biochemical Parameters  

					푯푶푴푨 − 푰푹  

					Before sacrifice, I mL of blood was obtained from the animals’ jugular  

					푓푎푠푡푖푛푔 푖푛푠푢푙푖푛 (푚푈/퐿) 푿푓푎푠푡푖푛푔 푔푙푢푐표푠푒 (푚푚표푙/퐿)  

					veins using the Waynforth technique.14 After that, the blood sample was  

					=

					22.5  

					centrifuged for 15 minutes at 2500 rpm and 4 °C. The serum was kept  

					in storage at -20 °C for further examination. The enzymatic  

					determination of aspartate aminotransferase (AST) and alanine  

					aminotransferase (ALT) was performed using the Automate VITROS  

					350, US. The HPLC Automate VITROS 350 (USA) was utilised for the  

					quantification of HbA1c. Insulin was quantified using the ECLIA  

					method (VITROS ECI, USA). Insulin resistance was assessed using the  

					Homeostasis Model Assessment (HOMA). The HOMA index was  

					obtained by multiplying the fasting insulin (measured in mU/L) by the  

					fasting glucose (measured in mmol/L) and then dividing the result by  

					22.5.15  

					Sample preparation and histopathological analysis  

					The rats were sacrificed under chloroform anaesthesia, and the vital  

					organs were exercised: large intestine, small intestine, liver, spleen, and  

					kidneys, and the length of the colon and weight were recorded. Some of  

					the tissues were stored in a 10% formalin solution, and others were  

					covered in paraffin and sliced. The slices were then stained with  

					hematoxylin and eosin (H&E) to assess the level of inflammation  

					through a microscope (B-292, OPTIKA, Italy).  
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					Collection of Stool Samples from Albino Rats and 16S rRNA gene  

					amplicon sequencing  

					influences the liver.17 The increase in AST and ALT levels, which are  

					serum markers of liver damage, supports the notion that animals fed a  

					high-protein diet had hepatic cell injury, even though the animals were  

					at an early stage of fatty liver disease because obvious signs of  

					macrovascular fat deposition were not seen. As reported by Mohmmad-  

					Desoky,1 obesity has led to an increase in AST and ALT levels in both  

					the control and NL groups. Also, it shows different lesions in the tissues  

					of the liver and spleen, as well as massive infiltration of lymphocytic  

					cells around the portal veins. After three months of a high-protein diet,  

					there was a chronic increase in protein consumption, which led to an  

					upregulation of three separate aspects of hepatic amino acid  

					metabolism: (i) the urea cycle, (ii) deamination, and (iii) the import of  

					amino acids into the cell. This is in line with the well-established effect  

					of increased amino acid flow to the liver, which raises blood urea levels  

					and urea production. This metabolic change is associated with increased  

					liver amino acid deamination to remove nitrogen and maintain nitrogen  

					balance.18 Griffin et al.12 published control simulation findings that  

					demonstrated blood ammonia levels at equilibrium within normal  

					physiological limits. Blood ammonia levels rose by 59% in response to  

					a 72% increase in protein consumption. Blood ammonia levels were  

					raised by 41–130% in liver cirrhosis models, depending on the amount  

					of protein consumed in the diet. In simulations of heterozygous  

					individuals with a loss-of-function allele of the carbamoyl phosphate  

					synthetase I (CPS I) gene involved in the urea cycle, blood ammonia  

					levels more than quadrupled (rising from around 18 to 60 μM depending  

					on dietary protein consumption). It’s noteworthy to note that, in our  

					study, administering 200 mg/kg of whey protein isolate over eight  

					weeks resulted in greater liver damage scores when compared to a  

					control diet. Another research revealed hepatocellular injury and nuclei  

					loss in healthy rats treated with 0.3 g/kg of whey protein concentrate  

					(WPC-80) for 21 days. A larger dosage of WPC-80 (0.5 g/kg) was  

					reported to cause more significant harm in the rats. Nonetheless, the  

					histological study revealed no evidence of fibrosis or inflammation.19  

					The data shown in Table 2 indicate that high protein and normal diets  

					have no significant (p =0.46, R2= 0.18) effect on liver weight among the  

					test animals. Furthermore, the data shows that there was a significant (p  

					=0.008, R2= 0.61) increase in spleen weight in control and NL groups  

					in comparison with PD and PDL groups. The histological examination  

					under an optical microscope shows that the liver has a lobular structure  

					composed of hepatocyte cells arranged in trabecular patterns. Figure 1a  

					shows that the parenchyma exhibits a chronic diffuse inflammatory  

					response, primarily consisting of lymphocytes with moderate density.  

					The inflammation is mainly located around the portal areas. The  

					presence of a small number of binucleated hepatocytes in certain areas  

					shows the regeneration of the liver tissue, accompanied by a few  

					vacuolar cells. Occasionally, the sinus capillaries and the center-lobular  

					vein exhibit dilation and congestion. The NL group (Figure 1b) shows  

					lobules consisting of interconnected and separated hepatocyte pathways  

					with frequently congested and dilated sinus capillaries. The central  

					lobular veins are congested, while the remaining parenchyma shows  

					moderate and varied chronic inflammation. Hepatocytes are  

					infrequently binucleated, occasionally exhibiting granular cytoplasm.  

					In the PD group (Figure 1c), the liver tissue was extensively altered by  

					an inflammatory response characterised by the presence of  

					mononuclear cells, mainly lymphocytes, with occasional accumulation  

					around the portal area. The occurrence of binucleated hepatocytes was  

					infrequent. Additionally, there was congestion and dilation of the  

					sinusoidal capillaries and central veins within the lobules. Figure 1d  

					shows the liver tissue that consists of hepatocytes arranged in trabecular  

					patterns. This tissue was affected by a mild inflammatory response,  

					primarily consisting of lymphocytes. The sinus capillaries in the liver  

					appear congested and dilated. The histological investigation of the  

					spleen shows a splenic parenchyma, which is enclosed by a fibrous  

					capsule. The conjunctive trajectories that support the parenchyma come  

					from this capsule. The parenchyma in question was composed of two  

					distinct components. As shown in Figure 2a (Control group), the first is  

					a white pulp, which can vary in size due to either atrophy or  

					hypertrophy. This white pulp is comprised of distributed lymph  

					nodules, which are surrounded by a congestive arteriola with a thick  

					wall. The second component is a red pulp, which is a loosely structured  

					and highly vascularised tissue known as Billroth cordons. This red pulp  

					Fresh faecal samples were obtained from the cage floor immediately  

					after the rats defecated on the final day of the treatment period.16  

					NOVOGENE China carried out this part of the work. The DNA  

					extraction from the intestinal contents was conducted following the  

					guidelines provided by a stool DNA mini-kit (Qiagen, Hilden,  

					Germany). The 16S RNA gene’s global bacterial region V3-V4 was  

					amplified  

					ACTCCTACGGGAGGCAGCAG-3)  

					using  

					PCR  

					barcode  

					primers  

					and  

					338  

					806  

					F

					(5-  

					(5-  

					R

					GGACTACHVGGGTWTCTAAT-3). One FastPfu buffer, 250 μM  

					dNTP, 0.1 μM of each primer, one unit of FastPfu Polymerase (Beijing  

					TransGen Biotech, Beijing, China), and ten nanograms of template  

					DNA were used in the 20 μL solution for the PCR. The reaction mixture  

					was heated to 95 °C for two minutes to perform the polymerase chain  

					reaction (PCR). After that, there were thirty cycles of denaturation (30  

					seconds at 95 °C), annealing (30 seconds at 55 °C), and extension (30  

					seconds at 72 °C). The last extension phase was carried out for five  

					minutes at 72 °C. The desired areas were amplified with certain primers  

					attached to barcodes using 2% agarose gel electrophoresis, and the PCR  

					products of the right size were selected. Each sample’s PCR results  

					were mixed in equal amounts before being put through end-repair, A-  

					tailing, and ligation using Illumina adapters. The libraries were  

					processed using a paired-end Illumina platform, resulting in the  

					generation of 250 bp paired-end raw reads. The DNA library in the  

					experiment was assessed using Qubit and real-time PCR for  

					quantification, and a bioanalyser was used to analyse the size  

					distribution of the library. Using Illumina platforms, the measured  

					libraries were merged and evaluated following the required quantity of  

					data and the specified library concentration.  

					Statistical analysis  

					Data is presented as means ± standard error of the mean. An analysis of  

					variance (ANOVA) with one factor was conducted. When the P-values  

					were significantly different, the Tukey post-hoc test was applied with a  

					significance level of p<0.05. The statistical analyses were performed  

					using Prism Graphpad Software, version 9.5.1. (San Diego, California,  

					USA,2023).  

					Results and Discussion  

					High-protein diets (HP) are popular in Western nations, particularly  

					when they are linked to physical activity, weight loss, or maintenance.  

					On the other hand, nothing is known about the long-term health  

					consequences of using these diets. For this reason, it is necessary to  

					examine the impacts of extended exposure to a high-protein diet in  

					healthy animals. Our diet consisted of high-protein whey. When  

					compared to other protein sources, milk proteins are thought to have a  

					high nutritional value due to their excellent digestion and comparatively  

					large concentrations of important amino acids.3 It is challenging to  

					accurately attribute the observed metabolic effects to protein content  

					alone because of the study’s concomitant reduction in dietary  

					carbohydrates. However, the levels of sucrose and other dietary  

					components, including fats, vitamins, minerals, and fibres, were kept  

					constant to avoid interfering with these components in our study.  

					There was a significant difference in serum AST levels (p < 0.0001, R2=  

					0.90) between normal diet groups (Control and NL) and high protein  

					diet groups (PD and PDL). The significant differences in ALT levels  

					were between the control and PDL groups (p < 0.0001, R2=0.95). The  

					PDL group had the highest ALT, and the PD and PDL groups had the  

					highest AST values (Table 2). The liver’s feedback pathway to the  

					intestine through the secretion of bile and antibodies, as well as the  

					portal vein’s ability to carry products directly from the intestine to the  

					liver, define the gut-liver axis, which is the interaction between the  

					intestine and its microbiota and the liver. The gut-liver axis’ balance  

					depends on the microbiological community’s regulation. Through a  

					variety of pathways, including increased hepatic lipid metabolism,  

					enhanced alcohol generation, increased intestinal permeability,  

					bacterial translocation, intestinal bacterial proliferation, imbalance of  

					the gut microbiota, and decreased bile output, the gut microbiota  
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					also contains macrophages. The typical structure of the parenchyma  

					was significantly modified due to the presence of a widespread  

					infiltration of lymphocytes. Figure 2b (NL group) shows a splenic  

					parenchyma enclosed by a thin connective tissue capsule. The white  

					pulp often consists of atrophic and widely spread lymph nodules  

					arranged around a central arteriole, while the red pulp comprises  

					congested sinusoidal capillaries. Furthermore, in the PD group, the  

					white pulp (Figure 2c), which is disorganized in its arrangement, was  

					observed inside the parenchyma. The lymph nodules were shrunken and  

					were bordered by an arteriole with a hardened wall. Finally, the  

					parenchyma of the PDL group (Figure 2d) was composed of a white  

					pulp, which consists of enlarged lymph nodules surrounding a thick and  

					congested arteriole. The red pulp contains numerous sinus capillaries,  

					some of which may be dilated and congested. The remaining portion of  

					the red pulp shows infiltration of lymphocytes throughout.  

					Table 2: Comparison between means, standard errors and P value of AST, ALT, Insulin, HbA1c, HOMA IR, liver weight and spleen  

					weight in all groups.  

					Control  

					NL  

					PD  

					PDL  

					P value  

					R2  

					AST(U/L)  

					ALT(U/L)  

					Insulin(µU/ml)  

					HbA1c  

					HOMA IR  

					63.5 ± 1.79  

					58.38 ± 3.59  

					52.13 ± 3.15  

					0.25 ± 0.04  

					2.5 ± 0.25  

					0.06 ± 0.01  

					12.84 ± 1.27  

					1.03 ± 0.08*  

					78.29 ± 1.7**  

					52.93 ± 1.50  

					0.29 ± 0.01  

					3.71 ± 0.27*  

					0.07 ± 0.003  

					12.78 ± 1.51  

					0.7 ± 0.07  

					73.37 ± 0.85**  

					66.43 ± 1.78**  

					0.28 ± 0.01  

					3.92 ± 0.14*  

					0.07 ± 0.01  

					10.98 ± 0.76  

					0.82 ± 0.08  

					P˂0.0001  

					P˂0.0001  

					P˂0.0001  

					P =0.017  

					P˂0.0001  

					P =0.46  

					0.90  

					0.95  

					0.90  

					0.55  

					0.84  

					0.18  

					0.61  

					34.88 ± 0.72**  

					0.95 ± 0.15**  

					3.60 ± 0.71  

					0.24 ± 0.05**  

					11.88 ± 1.44  

					1.17 ± 0.24**  

					Liver weight(g)  

					Spleen weight(g)  

					P =0.008  

					*: significant; **: highly significant.  

					-Control: 14% whey protein  

					-NL: 14% whey protein + LAB (L. acidophilus)  

					-PD: 50% whey protein  

					-PDL: 50% whey protein + LAB (L. acidophilus)  

					suggests that chronic high-protein diet intake in healthy individuals may  

					reduce insulin sensitivity. These findings are comparable to those of  

					Rietman et al.25 Another study reports that treating patients with  

					polycystic ovarian syndrome (PCOS) with a low-carb, high-protein diet  

					lowered their insulin levels.26 The results reported by Sun et al.27 show  

					higher levels of HbA1c compared to the results of the current  

					experiment. Chronic consumption of high-fat diets exacerbates obesity,  

					insulin resistance, and systemic inflammation. The microarchitecture of  

					the jaw can also be damaged by obesity brought on by a high-fat diet  

					and insulin resistance, which has decreased mineral composition and  

					bone formation rates and increased osteoclast-mediated bone  

					resorption.28 The primary source of protein in the HPD in this study was  

					whey protein, which has a high concentration of branched-chain amino  

					acids (BCAA). According to Newgard, the combination of decreased  

					insulin sensitivity and glucose utilisation is enhanced by lipids and  

					BCAAs.29 Consequently, the HPD displays insulinotropic traits, which,  

					over time, may culminate in insulin resistance.30  

					Abdominal obesity may also account for the rise in splenic diameter in  

					SM patients in the current investigation, as, after controlling for other  

					confounding variables, there was a significant link between splenic  

					length diameter (SLD) and waist circumference. Obesity-related  

					intracellular lipid deposits in the spleen and sinusoidal dilatation may  

					account for this connection.20 Gallagher and his colleagues,21 recently  

					documented a drop in spleen size following weight loss, which lends  

					credence to this argument. Both people and rats have shown signs of  

					glucose homeostasis following splenectomy. The splenectomy  

					performed in the current investigation at 21 days led to decreases in  

					plasma.22, 23 Resistance training with a plant-based protein diet could  

					play a key role in maintaining the immune responses of the spleen  

					throughout ageing. However, a diet rich in animal proteins is suggested  

					to decrease the immune activity of the spleen.24  

					Figure 1: Photo of a histological sections taken from the optical  

					microscope representing the liver, including (a) Control: 14%  

					whey protein, (b) NL: 14% whey protein + LAB (L.  

					acidophilus), (c) PD: 50% whey protein, (d) PDL: 50% whey  

					protein + LAB (L. acidophilus).  

					Figure 2: Photo of a histological slice taken from the optical  

					microscope representing the spleen, including (a) Control: 14%  

					whey protein, (b) NL: 14% whey protein + LAB (L.  

					acidophilus), (c) PD: 50% whey protein, (d) PDL: 50% whey  

					protein + LAB (L. acidophilus).  

					There was a significant difference in serum insulin levels (p < 0.0001,  

					R2= 0.90). The control group represents the highest value (0.95  

					µU/mL). NL, PD, and PDL groups had a lower insulin level. PD and  

					PDL groups had significant and the highest HbA1c (p =0.017, R2= 0.55)  

					levels. Thus, the control group revealed a significantly high value of  

					HOMA-IR (p < 0.0001, R2= 0.84) (Table 2). Consequently, our study  

					53  

					© 2025 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License  

				

			

		

		
			
				
					
				
			

			
				
					Trop J Nat Prod Res, January 2025; 9(1): 50 - 57  

					ISSN 2616-0684 (Print)  

					ISSN 2616-0692 (Electronic)  

					The histological examination of the control group kidneys (Figure 3a)  

					reveals renal parenchyma composed of a cortex mostly consisting of  

					shrunken and hardened tubules on the outer edge, with reduced  

					glomeruli size. The spinal region was predominantly invaded by  

					adipose tissue. Furthermore, Figure 3b (NL group) reveals renal  

					parenchyma composed of a cortex including tubules, some of which  

					have walls that were hyalinised. The glomeruli were abundant with  

					congested blood arteries. Figure 3c (PD group) shows that the renal  

					parenchyma consists of tubules that vary in appearance, ranging from  

					regular to atrophic, with reduced visibility. The glomeruli, which are  

					part of the renal parenchyma, also show signs of atrophy. Additionally,  

					there was evidence of a mild diffuse inflammatory reaction affecting  

					the parenchyma. Moreover, Figure 3d (PDL group) showed a renal  

					parenchyma composed of a cortex with hyalinised tubules at the outside  

					edge and atrophic tubules in the core. The glomeruli were also  

					atrophied. The histological examination of the control group (Figure 4a)  

					reveals a colic wall composed of a thin mucous membrane lined by a  

					slightly damaged simple prismatic epithelium. The epithelium was  

					folded into elongated crypts within a fibro-vascular chorion, and there  

					were scattered inflammatory cells of the lymphocyte type present.  

					There was a small reduction in the number of goblet cells. Lymphocytes  

					often aggregate in crypts and intercellular spaces in certain locations.  

					The muscle is mildly invaded by one of the most commonly  

					involved in phenylalanine metabolism and lowers dangerous levels of  

					Indoxyl Sulfate (IS). Their abundance can influence the efficacy of  

					Lactobacillus isolates in enhancing gut-derived metabolites and kidney  

					function.33 Renxu Lai indicated that the highest category of protein  

					consumption did not have a significant association with the risk of  

					colorectal cancer compared to the lowest category. The risk of colon  

					cancer is not significantly correlated with dietary protein intake. In the  

					examination of subgroups based on the kind of research design, the kind  

					of protein (plant or animal), sex, and geographic areas, the connection  

					was also not statistically significant. 34  

					disseminated inflammatory cells, which are lymphatic cells.  

					A

					hematoxylin and eosin-stained histological analysis of rat colon tissue  

					(NL group) reveals that the colonic wall has a superficial mucosa made  

					up of a single layer of cylindrical epithelial cells organised in formations  

					resembling villi. The mucosa was moderately damaged and thin, and it  

					extended into the depth of the tissue, forming occasionally enlarged  

					crypts. Surrounding the mucosa is a slightly inflamed fibro-vascular  

					layer. The muscle is typically slender (Figure 4b). The histology of the  

					PD group animals colon (Figure 4c) reveals that the colic wall was  

					composed of a mucous membrane with a damaged epithelium. The  

					epithelium may form cellular rosettes, giving it a marguerite field  

					appearance. The presence of caliciform cells was moderate. The  

					chorion, which is the connective tissue layer, was both fibro-vascular  

					and edematous. It was infiltrated by an inflammatory reaction primarily  

					consisting of lymphocytes. Occasionally, these lymphocytes are found  

					in small scattered lymphatic follicles. The cryptic areas, which are small  

					cavities, may be disorganised and irregularly dilated in some cases. The  

					sub-serous was composed of fibro-fat tissue that was dense and highly  

					supplied with blood vessels. The PDL (Figure 4d) group presents that  

					the colonic wall was composed of mucosa with areas of atrophic surface  

					epithelium that were slightly damaged, forming cellular rosettes within  

					an inflammatory connective tissue layer. The submucosa is the site of a  

					significant and diverse inflammatory response, characterised by the  

					presence of inflammatory cells that are typically seen in clusters or  

					lymphatic follicles with thin muscles. The findings displayed in Figure  

					5 demonstrate that the administration and regimens of LAB affect the  

					microbiota’s biodiversity both directly and indirectly. Figures 5a and 5b  

					show a significant increase in UGC-005 and a significant (p ˂0.05)  

					presence of Clostridia_UGC-014, Clostridium_sensu_stricto_1,  

					Romboustia, and the Christensenellaceae_R-7 group. Except that  

					NK4A214_group, Allobaculum, Ruminococcaceae, and Lactobacillus  

					were more numerous in the control group compared to the NL group.  

					Figures 5c and 5d show a diversity that differs from that of the normal  

					diet groups (control and NL), where it was found that  

					Clostridium_sensu_stricto_1 increased significantly (p =0.04) in the  

					PD and PDL groups. For Romboustia and Lactobacillus, there was a  

					significant increase in the PDL group, whereas, in the PD group, it was  

					due to the association of LAB. A high-protein diet caused a less  

					favourable kidney profile, particularly concerning urinary and  

					morphological markers, which could increase the risk of developing  

					long-term kidney diseases.31 The mild kidney damage (45%) observed  

					in the high-fat and high-fructose diet (HFHFD) manifested as hydropic  

					degeneration, haemorrhages, indications of inflammation, and  

					proliferation of glomerular capillaries. In contrast, the group that had a  

					regular diet (SD) only displayed minor lesions (7%).32 Pet treats  

					enriched with Lactobacillus have changed the feline microbiota  

					Figure 3: Photo of a histological slice taken from the optical  

					microscope representing the kidney, including (a) Control:  

					14% whey protein, (b) NL: 14% whey protein + LAB (L.  

					acidophilus), (c) PD: 50% whey protein, (d) PDL: 50% whey  

					protein + LAB (L. acidophilus).  

					Figure 4: Photo of a histological slice taken from the optical  

					microscope representing the colon, including (a) Control: 14%  

					whey protein, (b) NL: 14  

					According to our findings, a high-sugar diet consumed over an extended  

					period causes obesity and dynamic alterations in the faecal microbiota  

					in taxa linked to metabolic diseases. In addition, Lactobacillaceae  

					belongs to the family of bacteria that produce lactic acid and have  

					several advantageous properties. These include probiotic properties, the  

					ability to induce lactose intolerance, relief, immunomodulation,  

					resistance to bile acids, and the generation of bacteriocins.35 Protein  

					fermentation results in metabolites like H2S, ammonia, phenols,  

					indoles, and branched-chain fatty acids. These compounds have  

					harmful effects on the health of the colon, including thinning of the  

					mucosal barrier, increased permeability of the colon, damage to  

					colonocyte DNA, and disturbances in colonocyte growth and  

					metabolism.36 Carbs are normally absorbed and digested in the small  

					intestine, with the proximal portion of the large intestine merely  

					(Peptostreptococcaceae,  

					Lactobacillus,  

					Blautia,  

					and  

					Enterobacteriaceae), which in turn controls the microbial processes  
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					fermenting undigested carbs like fibres. Short-chain fatty acids  

					(SCFAs), including butyrate, propionate, and acetate, are fermentation  

					byproducts and serve as a principal energy source for colonocytes.37  

					This study’s results indicated increased lymphocyte infiltration in the  

					submucosa of high-protein diet groups and decreased infiltration in  

					regular diet groups. These results are similar to many studies conducted  

					on inflammatory bowel diseases.38, 39 Rats given HPD for two weeks  

					did not experience changes in the colonic epithelium’s DNA damage,  

					epithelial regeneration, or barrier function. Nonetheless, the  

					transcriptional profile seen in the colonocytes of rats given an HPD  

					suggests a downregulation of pathways related to essential cellular  

					functions such as glutathione metabolism, DNA repair, and NF-κB  

					signalling.40 According to this study, there was no discernible  

					correlation between the highest category of dietary protein consumption  

					and the risk of colon cancer.33 Research examining the reactions of the  

					mouse microbiota to high-protein diets has shown that elevated dietary  

					protein significantly reduces diversity at the family and genus levels.  

					High amounts of dietary protein have been demonstrated to influence  

					the relative abundance of particular taxonomic groups and to affect the  

					microbiota’s overall taxonomic diversity.41 They also noted that  

					significant increases in Clostridium, unidentified Clostridial, and  

					Allobaculum were associated with higher dietary protein intake,  

					alongside notable declines in the taxa Eubacterium, Akkermansia,  

					Mucispirillum, Ruminococcus, Johnsonella, Alistipes, Butyrivibrio, and  

					Blautia. A separate study indicated that the prevalence of Bacteroides  

					rose with an increase in dietary protein.42 Nevertheless, the modelling  

					conducted by Holmes et al. revealed a reduction in Bacteroides with a  

					high protein diet, indicating a lack of agreement among research.41  

					When mice are given isotopically tagged protein sources, Bacteroides  

					consume more dietary nitrogen than other species, supporting the theory  

					that Bacteroides are motivated by increasing nitrogen availability from  

					dietary protein.42 A recent research that tracked microbial activity in  

					bioreactors injected with human faecal microbiota using isotopically  

					heavy water lends more credence to the notion that some Bacteroides  

					order groups benefit from increased dietary protein consumption.43, 44  

					The researchers discovered that certain Bacteroides species exhibited  

					increased activity in bioreactors supplied with a medium that mimicked  

					a high-protein diet, in contrast to a medium simulating a high-fibre diet.  

					Consuming probiotics alone is insufficient; maintaining proper  

					intestinal homeostasis, lowering obesity, and enhancing well-being also  

					require regular exercise and calorie restriction.45 Recent data indicate  

					that T2DM has a negative correlation with the genera Bifidobacterium,  

					Bacteroides, Faecalibacterium, Akkermansia, and Roseburia, whereas  

					it shows a positive correlation with the genera Ruminococcus,  

					Fusobacterium, and Blautia. Insulin sensitivity in type 2 diabetes  

					mellitus was enhanced by butyrate-producing short-chain fatty acid  

					bacteria. Patients with T2DM were predominantly associated with an  

					increase in specific infectious microbes, such as Clostridium spp., while  

					control samples were primarily enriched in butyrate-producing bacteria  

					and Lactobacillus spp.46  

					a
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					Figure 5: Relative quantity of fecal bacterial species evaluated by 16S rRNA gene amplicon sequencing, including (a) Control: 14%  

					whey protein, (b) NL: 14% whey protein + LAB (L. acidophilus), (c) PD: 50% whey protein, (d) PDL: 50% whey protein + LAB (L.  

					acidophilus). **: highly significant; *: significant.  

					study also found that high-protein diets with LAB increased  

					Lactobacillus sp. compared to normal diets. The study needs more  

					investigation into gut microbiota and the effect of their secondary  

					metabolites on physiology.  

					Conclusion  

					This study investigates the effects of chronic high-protein diets (HPD)  

					and Lactic Acid Bacteria (LAB) on the liver, spleen, kidneys, and colon  

					histology in obese rats. The study found that HPD diets increased liver  

					transaminases and insulin levels, while normal diets raised them.  

					Combining HPD with LAB improved HbA1c and insulin levels. The  
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