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Abstract: The quality and quantity of protein are essential factors that determine nutritional significance of a protein. The 

aim of this study was to compare the effects of several animal and plant proteins on the progression of renal failure in rats. 

Ninety male rats were allocated into nine groups and were fed with a basal diet containing different protein sources for 12 

weeks. Two groups comprised of a negative control group and a positive control group (with induced renal failure) fed on 

the basal diet. Rats in the remaining seven groups were fed using different diets containing 10% protein derived from fish, 

meat, chicken, egg, soybean, lentil, and white bean. Biological, biochemical and histological studies were done at the end 

of the study. Protein content was highest for the chicken extract (87.36%), followed by meat (85.67%), egg (78.85%), and 

fish (78.55%). Body weight gain increased as food intake decreased in all groups other than the positive control group, and 

the food efficiency ratio paralleled food intake. Rats fed the fish protein diet had lower blood urea nitrogen (28.0 mg/dL), 

uric acid (3.5mg/dL) levels compared with the other groups. There were no significant differences in creatinine levels 

between rats fed the animal protein (fish and meat) or the plant protein (soy and white bean) diets. Histological studies 

revealed no abnormal renal features in rats fed the fish or soybean protein diets. Therefore, the results of the study suggest 

that a diet containing fish protein may delay the progression of chronic renal failure relative to other protein diets. 
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1. Introduction 

Patients with renal failure often experience malnutrition. 

For instance, a study done on the impact of malnutrition on 

renal failure indicates that about 40% of patients with renal 

failure experience malnutrition [1]. Although malnutrition 

has a multi-factorial impact on renal failure, insufficient 

intake of protein significantly contributes to the occurrence 

of renal failure. Generally, nutritionists recommend that 

(CKD) should take a low-protein diet because it is 

beneficial; however, the source of protein is another factor 

that determines the progression of renal failure. While 

many clinicians assume that a vegan diet is better for 

patients with CKD, the perceived benefits of this diet may 

not be true because the nature of protein determines its 

impact on renal failure. In particular, patients consuming a 

vegan diet may not consume beneficial secondary nutrients 

that are primarily present in animal products or may 

consume phytates and aluminum that are present in 

vegetarian sources, which are harmful to patients with 

CKD [2]. In this view, it is advisable that patients with 

CKD should consume sufficient quantities of protein that 

are free from harmful substances. 

Patients with CKD normally undergo dialysis. Although 

patients may try to avoid dialysis for many years, it is 

important that their low-protein diet should include 

sufficient protein to prevent cachexia while protecting the 

kidneys. To manage renal failure effectively, patients with 

CKD should take appropriate diet has minimal nitrogenous 

wastes because imbalances in nitrogenous metabolites 

enhances morbidity and mortality of patients with CKD [3]. 

A prospective study of patients with non-diabetic 

nephropathy and moderate-to-severe renal insufficiency 

who consumed a vegan diet (0.7 g protein/kg/day) or an 

animal protein (0.6 g protein/kg/day) for a period of 3 

months showed that no significant differences in creatinine 

clearance exist [4]. In subsequent study of  22 patients with 

non-diabetic nephritis, who switched from a mixed 

animal/vegetable diet to either a conventional low-protein 

diet (0.6 g protein/kg/day), or a vegan diet (0.7 g 

protein/kg/day); there was no marked  changes  in 

proteinuria after 4–6 months, but  glomerular filtration rate 
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(GFR) decreased similarly in both groups [5]. A further 

study conducted an eight-week randomized crossover study 

of eight individuals with diabetes, proteinuria, and 

moderate renal insufficiency reported that there was a 

decrease in the GFR following the consumption of an 

animal protein diet (1 g protein/kg/day) and a soy protein 

diet (1 g protein/kg/day)[6]. Hence, the findings suggest 

that there is no advantage of a soy protein-based diet in the 

context of diabetic CKD. 

Generally, the quality of protein can be classified into 

two groups; namely, low and high quality proteins. Low 

quality protein does not contain all essential amino acids 

required for use in protein synthesis whereas high quality 

protein contains most of the essential amino acids that is 

essential for the appropriate functioning of the human body 

system. Plant proteins are considered to be lower in quality 

than animal protein because they do not contain all 

essential amino acids .Nevertheless , protein from either 

source provide amino acids, which are important raw 

materials for the protein synthesis form component of 

metabolic regulators, and provide important energy [7]. 

Comparatively, animal proteins from food such as beef, fish, 

chicken, and dairy products a higher quality of protein than 

plant protein from food such as cereals, fruits and 

vegetables. Although plant and animal proteins have 

approximately the same types of amino acids, the 

proportion of the amino acids varies according to the 

protein sources. The nutritional quality of any protein 

relates to its amino acid composition, digestibility, and 

ability to supply the essential amino acids in the amounts 

required by the species consuming the protein [8]. Thus, 

sources of proteins determine the quality and digestibility 

of proteins. 

Currently, some researchers recommend animal protein 

diets, while others advocate plant protein diets. Although 

several studies have been performed to compare animal 

protein and plant protein, very few studies have examined 

how proteins from different sources influence renal failure 

[9-13]. Therefore, it is important to compare the effects of 

different protein sources on renal function to determine 

their suitability to patients with renal failure. Consequently, 

the objective of the study was to compare the effects of 

several animal and plant protein diets on the biochemical 

and histopathological characteristics of rats with chemically 

induced chronic renal failure. 

2. Materials and Methods 

2.1. Materials 

2.1.1. Food Items 

Fish fillet, ground beef meat, chicken breast, lentil, and 

white bean were obtained from a local market (Jeddah, 

Saudi Arabia). Soybean and egg protein (pure albumin) 

were purchased from a local market in Cairo (Egypt). The 

researcher cleaned and milled all food items into a fine 

powder before using them at 10% in the diet, instead of the 

main source of protein in the basal diet (casein), according 

to the percent of protein of each food item. 

2.1.2. Gentamicin 

Obtained from Al-Nahdy pharmacy. 

2.1.3. Rats 

Purchased them from the Pharmacy College at King 

Saud University. 

2.2. Methods 

2.2.1. Chemical Composition 

Crude protein, moisture, fat, fiber, and ash contents of 

each protein source were determined according to methods 

outlined by the Association of Official Analytical Chemists 

AOAC [14]. Carbohydrate content was determined using 

standard analytical procedures for the sake of accuracy. 

2.2.2. Biological Investigation 

Male albino rats Sprague Dawley strain (90 rats) 

weighing 130–150g were obtained from the Pharmacy 

College at King Saud University and were delivered to the 

King Fahd Medical Research Center in Jeddah. To enable 

rats acclimatize the new experimental environment, they 

were kept in well-aerated cages for a period of one week 

and fed on basal diet. The composition of the basal diet was 

1% vitamin, 4% salt, 5% cellulose, 10% corn oil, 10% 

casein, and 70% cornstarch, as recommended in the 

protocol [15]. 

2.2.3. Preparation of Renal Failure without Dialysis Rats 

Renal failure without dialysis was induced in normal 

healthy male albino rats via intra-peritoneal injection of 

gentamicin at a dose of 100 mg /kg b. wt. for7 days 

according to the evidence-based method [16]. 

2.2.4. Experimental Design 

The study assigned 90 rats nine groups. The first group 

of rats was fed on basal diet and they acted as a negative 

control, while the rest 80 rats assigned to 8 groups acted as 

a positive control because they have renal failure without 

dialysis. The 90 rats were divided into nine groups (n=10) 

according to the following scheme: 

Group (A): non-renal failure control (negative control): 

one group 

Group (B): Renal failure without dialysis main groups:  8 

groups 
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Groups Treatment Diet Period 

1 Non renal failure control Basal diet 12 weeks 

2 Renal failure without dialysis main groups Basal diet 12 weeks 

3 Renal failure without dialysis main groups Basal diet + 10% fish 12 weeks 

4 Renal failure without dialysis main groups Basal diet + 10% meat 12 weeks 

5 Renal failure without dialysis main groups Basal diet + 10% chicken 12 weeks 

6 Renal failure without dialysis main groups Basal diet + 10% egg 12 weeks 

7 Renal failure without dialysis main groups Basal diet + 10% soya bean 12 weeks 

8 Renal failure without dialysis main groups Basal diet + 10% lentil 12 weeks 

9 Renal failure without dialysis main groups Basal diet + 10% white bean 12 weeks 

 

The following table shows the composition of the 

experimental diets according to the percentage content of 

proteins in different food sources relative to casein. 

Table (1): Composition of the experimental diets 

White 

bean 
Lentil Soy Egg Chicken Meat Fish Casein Composition 

422 397 195 127 114 117 127 100 Protein 

96 95 90 99 96 95 87 100 Corn oil 

35 61 268 327 343 341 339 353 Corn starch 

350 350 350 350 350 350 350 350 Sucrose 

50 50 50 50 50 50 50 50 Cellulose 

35 35 35 35 35 35 35 35 Salt mix 

10 10 10 10 10 10 10 10 Vitamin 

2 2 2 2 2 2 2 2 Choline bitartrate 

 

During the experimental period of 12weeks, the diet 

consumed was recorded every day, while body weight was 

recorded every week. Since different protein sources have 

different impacts on renal failure, rats were fasted overnight 

before they were slaughtered. During slaughter, blood 

samples were collected and stored in clean centrifuge tube 

where they were left for 15 minutes to clot. Thereafter, the 

clotted blood samples were centrifuged to obtain serum at 

3000 rpm for 15 minutes. Additionally, to examine the 

levels of various metabolites in the body, vital organs such 

as liver, spleen, lung, heart, and kidney were excised, 

weighed individually, and preserved in the fridge for 

pathological analysis. 

2.3. Biological Evaluation 

During the experimental period, the weights of all rats 

were determined weekly and recorded. At the end of the 

experimental period, body weight gained in percentage 

(BWG %) and Food Efficiency Ratio (FER) was 

determined as a biological evaluation according to the 

following formulas [17]. 

BWG %= Final weight – Initial weight ×100% 

Initial weight 

FER = Gain in body weight (g) 

Food intake (g) 

2.3.1. Analytical Methods 

Serum creatinine, serum uric acid, and blood urea 

nitrogen (BUN) levels, as markers of renal function, were 

determined using the biochemical methods described by 

three scientists respectively [18, 19, 20]. 

Additionally, serum total protein and serum albumin 

levels were determined using the methods described by two 

scientists respectively [21, 22]. 

The level of serum globulin was determined using total 

protein and albumin, as the difference of the two 

metabolites. The levels of potassium (K) and sodium (Na) 

were calculated basing on the standard formula that is 

recommended [14]. 

2.4. Histopathological Study 

To examine the impacts of protein diets on vital organs 

such as kidneys, lungs, liver, spleen, and heart, the organs 

were fixed using 10% formalin, which is buffered at neutral 

PH, dehydrated in ethyl alcohol, then cleared in xylol and 

embedded in paraffin. Subsequently, 4-6 microns thickness 

sections prepared and stained with heamtoxylin and eosin 

for examining the liver using a light microscope at various 

magnifications [23]. 

2.5. Statistical Analysis 

Data were compared between the 10 groups using 

analysis of variance (ANOVA) by following statistical 
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analysis procedure in the book. In the comparative analysis, 

the means were compared at least significant difference 

level of 0.05 as described in statistical analysis [25]. 

3. Results and Discussion 

Since proteins affect renal function, regulation of dietary 

proteins has proved to be essential in preservation of renal 

function. In addition to quantity, the quality of dietary 

protein is thought to affect renal function; however, the 

effects of protein on the renal function are still poorly 

understood. Thus, the study sought to establish the effect of 

protein quality on renal function by ascertaining differential 

impacts of plant and animal proteins on the progression of 

renal failure. In this view, the results of the present study 

revealed that out of all the animal and plant proteins tested, 

fish protein had the best effects of preventing the 

progression of renal failure among rats without dialysis. 

3.1. Chemical Composition of Protein Sources 

In the present study, dried fish, meat, chicken, egg, 

soybean, lentil and white bean were analyzed for their 

contents of moisture, fat, protein, fiber, ash and total 

carbohydrate, the results are given in table (2). The data 

show that moisture, fat, protein, fiber, ash and total 

carbohydrate content of fish is 4.36%, 10.27%, 78.55%, 

0.11%, 6.04%, and 0.67% respectively, while that of meat 

is 1.75%, 4.48%, 85.67%, 0.09%, 2.79%, and 5.22% 

respectively.  Moreover, the moisture, fat, protein, fiber, ash 

and total carbohydrate content of chicken is 5.29%, 3.53%, 

87.36%, 0.19% , 3.11%, and 0.52%, while that of an egg is 

7.88%, 0.25%, 78.85%, 0.26% , 5.23%, and 7.53%. For 

soya bean, it is 3.40%, 5.19%, 51.24%, 3.09% , 6.50%, and 

30.58%, for lentil it is 8.09%, 1.32%, 25.18%, 1.48% , 

1.41%, and 60.52%, and ultimately for white bean is 5.49%, 

1.02%, 23.71%, 5.22%, 3.16% and 61.40% respectively. 

The data reveal that the protein content of animal sources is 

higher than plant sources. The highest content is present  in 

chicken while the lowest content is present in white bean. 

These results are in agreement with the finding that 

recommends a target dietary protein content of 0.6–0.75 

g/kg/day for patients with CKD [26]. 

Table (2): Chemical composition of fish, meat, chicken, egg, soybean, lentil, and white bean 

Foods 

Components 

Fish 

% 

Meat 

% 

Chicken 

% 

Egg 

% 

Soybean 

% 

Lentil 

% 

White bean 

% 

Moisture 

Fat 

Protein 

Fiber 

Ash 

T. carb. 

4.36 

10.27 

78.55 

0.11 

6.04 

0.67 

1.75 

4.48 

85.67 

0.09 

2.79 

5.22 

5.29 

3.53 

87.36 

0.19 

3.11 

0.52 

7.88 

0.25 

78.85 

0.26 

5.23 

7.53 

3.40 

5.19 

51.24 

3.09 

6.50 

30.58 

8.09 

1.32 

25.18 

1.48 

1.41 

62.52 

5.49 

1.02 

23.71 

5.22 

3.16 

61.40 

 
3.2. Biological Evaluation 

3.2.1. Effect of Protein Sources on BWG, FI, and FER for 

Renal Failure without Dialysis Rats 

Data presented in table (3) show the effect of fish, meat, 

chicken, egg, soybean, lentil and white bean on body 

weight gain (BWG), food intake (FI), and feed efficiency 

ratio (FER) in rats with renal failure without dialysis. 

Table (3): Effect of fish, meat, chicken, egg, soybean, lentil and white bean 

on body weight gain (BWG) food intake (FI), and feed efficiency ratio 

(FER) of renal failure without dialysis rats. 

Parameters 

Animal group 

BWG 

(g) 

FI 

(g) 

FER 

 

Control (-) 0.71 ± 0.05 a 10.08 ± 0.23 d 0.070± 0.011 a 

Control (+) 0.33 ± 0.03 g 18.58 ± 0.18 a 0.018 ± 0.014 f 

Fish 0.63 ± 0.01 b 10.98 ± 0.24 d 0.057 ± 0.013 b 

Meat 0.62 ± 0.01 d 12.83 ± 0.29 b 0.036 ± 0.017 d 

Chicken 0.48 ± 0.02 d 10.46 ± 0.09 d 0.046 ± 0.010 c 

Egg 0.44 ± 0.01 d 12.07 ± 0.09 b 0.036 ± 0.012 d 

Soybean 0.54 ± 0.62 c 12.41 ± 0.23 b 0.044 ± 0.016 c 

Lentil 0.36 ± 0.02 e 12.48 ± 1.18 b 0.029 ± 0.015 e 

White bean 0.63 ± 0.03 b 11.61 ± 0.18 c 0.054 ± 0.011 b 

Values denote arithmetic means ± standard deviation of the means at 

p≤0.05. 

It could be observed from Table (3) that body weight 

gain for renal failure without dialysis rats (C +ve group) 

was 0.33±0.03 compared to 0.71±0.05 g/day in (C -ve) 

normal rats. These results denote that there was significant 

decrease in BWG of renal failure without dialysis rats as 

compared to the normal rats. Rats with renal failure without 

dialysis and fed on all tested protein sources showed 

significant increase in weight when compared to control 

positive group. Rats of renal failure without dialysis and 

fed on fish and white bean showed the highest significant 

increase in BWG when compared to control positive group, 

while groups fed on meat, chicken and egg showed the 

lowest significant decrease in BWG when compared to 

control positive group. 

Concerning food intake (FI), there was a significant 

increase in control positive group compared to normal rats 

(P<0.05), which were 18.58±0.18 and 10.0±0.23 

respectively. All experimental groups showed a significant 

decrease when compared to positive group. Rats with renal 

failure without dialysis and fed on fish and chicken showed 

the highest significant decrease in FI when compared to the 

positive control group, and at the same time, these groups 

revealed no significant changes when compared to normal 

rats. 

Regarding the feed efficiency ratio (FER), the positive 

control group had 0.018±0.014, while the negative control 
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group had 0.070± 0.011. The obtained results showed that 

there was significant decrease in the feed efficiency ratio in 

the positive control group as compared to the negative 

control group. In rats with renal failure without dialysis, 

which was fed on fish and white bean showed the highest 

significant increase in FER when compared to the positive 

control group. These results confirm by the findings, which 

demonstrate that even patients with a mild decline in GFR 

(i.e., <50 mL/min) show decreases in their calorie and 

protein intake as dietary protein intake progressively 

declines with decreasing GFR [1]. Similarly, a study 

reported that there is a limited decrease in food intake from 

7.26 to 7.15 g/day (not significant) in normal rats and from 

18.61 to 14.72 g/day (significant) in rats with renal 

impairment [27]. 

3.2.2. Effect of Protein Sources on Kidney Functions 

(Creatinine, Blood Urea Nitrogen BUN, and Uric 

Acid) in Renal Failure without Dialysis Rats 

Data presented in table (4) show the effect of fish, meat, 

chicken, egg, soybean, lentil, and white bean on creatinine, 

blood urea nitrogen BUN, and uric acid on rats with renal 

failure without dialysis. 

Table (4): Effect of fish, meat, chicken, egg, soybean, lentil, and white 

bean on creatinine, blood urea nitrogen BUN, and uric acid of renal 

failure without dialysis rats 

Parameters 

Animal group 

Creatinine 

(mg/dL) 

BUN 

(mg/dL) 

Uric acid 

(mg/dL) 

Control (-) 0.60 ± 0.05 d 33.00 ± 2.00 f 3.50 ± 0.10 g 

Control (+) 1.30 ± 0.11 a 85.80 ± 2.55 a 5.20 ± 0.21 a 

Fish 0.83 ± 0.06 c 28.00 ± 0.19 g 3.50 ± 0.13 g 

Meat 0.87 ± 0.02c 39.00 ± 0.13 e 4.10 ± 0.11 f 

Chicken 1.00 ± 0.15 b 32.00 ± 0.25 f 4.40 ± 0.23 c 

Egg 0.64 ± 0.04 d 38.00 ± 0.27 e 4.20 ± 0.16 e 

Soybean 0.80 ± 0.12 c 55.00 ± 1.55 d 4.30 ± 0.20 d 

Lentil 1.00 ± 0.13 b 58.00 ± 2.11 c 4.50 ± 0.25 b 

White bean 0.90 ± 0.l0 c 66.00 ± 2.17 b 4.40 ± 0.17 c 

Among rats with renal failure without dialysis rats, it is 

apparent that the positive control group had creatinine, urea 

level and uric acid levels of 1.30 ± 0.11, 85.80 ± 2.55 and 

5.20 ± 0.21mg/dL, while in normal rats had 0.60 ± 0.05, 

33.00 ± 2.00 and 3.50 ± 0.10mg/dL respectively. These 

findings show that there is a significant increase (P<0.05) 

for all of previous mentioned parameters in the positive 

control group as compared to the negative control group. 

All rats with renal failure without dialysis and fed on all 

sources of proteins show significant decrease in creatinine, 

urea and uric acid. In egg, chicken and fish groups, they 

exhibit  the highest significant decrease (P<0.05) in 

creatinine, urea and uric acid respectively, and at the same 

time these groups reveal non-significant when compared to 

negative control groups (normal rats). 

Another study, which examined the toxicity of urea 

among dialyzed patients, found out that if BUN levels 

approach 140mg/dL and remain constant for about one 

week, they cause uremic symptoms [28]. However, 

moderately high BUN is associated with a few symptoms 

in individuals with otherwise normal renal function. 

Therefore, the levels of BUN in the body determine protein 

intake and reflect the clearance of urea. The relationships 

between BUN levels and protein intake exist because urea 

is a product of amino acid catabolism. The major parameter 

that indicates abnormality in urea metabolism is an 

increased level of ammonia in arterial blood [29]. Normally, 

the body can excrete urea via the kidneys, dissolve in the 

body water, or undergo metabolism into ammonia by gut 

bacteria. In the body, loss and intake of nitrogen are almost 

constant; hence, there is not a net loss [30]. A study of 

individuals with diabetic nephropathy revealed that a soy 

protein diet has no beneficial impact on proteinuria or renal 

failure without dialysis [6]. 

3.2.3. Effect of Protein Sources on Serum Protein 

Fractions (Total Protein, Albumin, Globulin, and 

Albumin/Globulin Ratio) for Renal Failure without 

Dialysis Rats 

Table (5) shows the effect of fish, meat, chicken, egg, 

soybean, lentil, and white bean on total protein (T.protein), 

albumin, globulin, and (albumin globulin (A /G) ratio of 

rats with renal failure without dialysis. 

Table (5): Effect of protein sources on serum protein fractions (Total protein, albumin, globulin, and albumin/globulin ratio) for renal failure without 

dialysis rats 

Parameters 

Animal group 

T. protein 

(g/dL) 

Albumin 

(g/dL) 

Globulin 

(g/dL) 

A/G 

Ratio 

Control (-) 9.30 ± 0.21 a 5.60 ± 0.11 a 3.70 ± 0.12 b 1.52 ± 0.52 a 

Control (+) 7.80 ± 0.24 d 4.00 ± 0.22 g 3.80 ± 0.20 a 1.05 ± 0.66 d 

Fish 7.90 ± 0.11 cd 4.50 ± 0.23e 3.40 ± 0.23 e 1.32 ± 0.71 c 

Meat 7.90 ± 0.12 cd 4.20 ± 0.21 f 3.70 ± 0.14 b 1.13 ± 0.63d 

Chicken 8.40 ± 0.21 b 4.80 ± 0.13 b 3.60 ± 0.10 c 1.33 ± 0.55 c 

Egg 7.90 ± 0.23 cd 4.70 ± 0.24 c 3.20 ± 0.24 g 1.47 ± 0.88 a 

Soybean 7.90 ± 0.20 cd 4.60 ± 0.14 d 3.30 ± 0.21 f 1.39 ± 0.95 b 

Lentil 8.00 ± 0.13 c 4.50 ± 0.11 e 3.50 ± 0.13 d 1.28 ± 0.10 c 

White bean 7.90 ± 0.14 cd 4.20 ± 0.20 f 3.70 ± 0.10 b 1.14 ± 0.99 d 
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It is clear from the table that total protein for renal failure 

without dialysis rats (C +ve group) was 7.80 ± 0.24 

compared to 9.30 ± 0.21 g/dL in (C -ve) normal rats. These 

findings indicate that there is a significant decrease in total 

protein of rats with renal failure without dialysis as 

compared to normal rats. All rats of renal failure without 

dialysis and fed on all tested protein sources reveal a 

significant increase in total protein when compared to 

control positive group. Chicken group shows the highest 

significant increase in total protein as compared to the 

negative control group. Albumin for control positive group 

is 4.00 ± 0.22g/dL, showing significant decrease when 

compared to the negative control group, which is 5.60 ± 

0.11 g/dL. All groups show significant increase in serum 

albumin when compared to control positive group. 

Additionally, the chicken group shows that it has the 

highest significant increase in the albumin levels than in all 

cases of the negative control group. 

Globulin for control positive group was 3.80 ± 0.20 g/dL, 

showing a significant increase when compared to C –ve the 

normal rats which was 3.70 ± 0.12 g/dL. Among all groups, 

positive control group shows the highest significant 

decrease in serum albumin. It is apparent from the table 

that groups of  fish, chicken, egg, soybean and lentil show a 

significant decrease in globulin not only when compared to 

the positive control group, but also when compared to the 

negative control group, thus revealing their role in 

decreasing globulin in serum as an enhancement for kidney 

status. 

Concerning (albumin globulin A/G) ratio there is a 

significant decrease in the positive control group when 

compared to normal rats (P<0.05), which are 1.05 ± 

0.66and 1.52 ± 0.52 respectively. Groups of fish, chicken, 

egg, soybean, and lentil show a significant increase when 

compared to the positive control group. Unfortunately, rats 

with renal failure without dialysis and fed on meat and 

white bean show no significant changes in A/G ratio when 

compared to the positive control group. 

Serum albumin and transferrin levels are widely used to 

assess nutritional status of an individual [31]. When 

assessing serum albumin, clinicians should consider that its 

concentration is determined by many factors, including the 

synthesis, catabolism, excretion of albumin, changes in 

plasma volume, and distribution between extracellular and 

intravascular spaces. In addition, it was reported that 

albumin could shift into the intravascular compartment. 

Albumin synthesis and catabolism may also be decreased in 

malnourished non-uremic subjects, as well as in chronically 

uremic and nephrotic patients [32]. Consequently, among 

non-uremic subjects, it is difficult to ascertain total albumin 

level. Providentially, difference in half-life between 

transferrin and albumin is a critical indicator of 

malnutrition because transferrin has a shorter half-life than 

albumin [33]. However, the transferrin levels vary with 

hydration and protein turnover; hence, may be affected by 

inflammation and/or changes in iron stores. 

3.2.4. Effect of Protein Sources on Serum Na and K 

Levels for Renal Failure without Dialysis Rats 

Data illustrated in table (6) show the effect of fish, meat, 

chicken, egg, soybean, lentil, and white bean on Na and K 

in renal failure without dialysis rats. 

Table( 6): Effect of protein sources on serum Na and K levels for renal 

failure without dialysis rats 

Parameters 

Animal group 

Na 

(Mmol/L) 

K 

(Mmol/L) 

Control (-) 74.00 ± 1.00 e f 10.00 ± 1.00 a 

Control (+) 165.00 ± 5.00 a 4.00 ± 0.50 e 

Fish 85.00 ± 2.00 d 8.20 ± 0.72 b 

Meat 91.30 ± 3.25 c 6.08 ± 1.88 cd 

Chicken 84.80 ± 1.59 d 5.00 ± 0.55 de 

Egg 76.80 ± 1.58 e 4.72 ± 0.63 de 

Soybean 72.50 ± 2.55 f 4.70 ± 0.11 d e 

Lentil 90.00 ± 5.11 c 6.50 ± 0.25 c 

White bean 96.00 ± 2.13 b 8.80 ± 0.19 ab 

From the data in the table, renal failure without dialysis 

rats (control positive groups)showed a significant increase 

(P<0.05) in Na while showed a significant decrease 

(P<0.05) in K when compared to control –ve normal rats 

which were 165.00 ± 5.00 and74.00 ± 1.00 Mmol/L for Na 

and were 4.00 ± 0.50 and 10.00 ± 1.00 Mmol/L for K 

respectively. All rats of renal failure without dialysis and 

fed on all tested protein sources revealed significant 

decrease in serum Na while showed significant increase 

when compared to control positive group. Soybean group 

showed the highest significant decrease in serum Na as 

compared to control positive group and showed no 

significant changes as compared to normal rats. Chicken 

group showed the highest significant increase in total 

protein as compared to control –ve group. Early studies 

revealed that patients with chronic renal failure without 

dialysis and severe uremia experienced marked 

symptomatic improvements following dietary protein 

restricted, prompting its recommendations for dietary 

therapy [34]. 

Biochemists have elucidated mechanisms of amino acid 

metabolism and have found out that the accumulation of 

inorganic ions and nitrogenous waste products predisposes 

people to uremia due to clinical and metabolic disturbances. 

Dietary protein restriction has been used to treat this 

disorder because excess dietary protein, unlike 

carbohydrate and fat, is not stored, but is instead degraded 

to urea and other waste products, which accumulate in 

patients with impaired renal function. Dietary restriction of 

protein aids in regulation of potassium, sodium, phosphates, 

and other ions in the body because proteins contain many 

ions. Although protein restriction therapy is effective in 

improving renal failure, insufficient protein intake causes 

degradation of endogenous protein stores, which help in the 
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loss of lean body mass among patients with uremia who are 

under excessive protein-restricted diets [35]. Differences in 

amino acid composition explain differential of various 

proteins on renal function. For instance, the difference 

between the fish and casein protein is the composition of 

arginine as fish protein has double proportion of arginine 

relative to the casein. The mechanism of fish protein is that 

it inhibits HMG-GA reductase by raising plasma arginine 

levels and consequently the glucagon level [36]. Moreover, 

fish protein has more sulfur because cysteine and 

methionine are sulfur-containing amino acids. Diets rich in 

cysteine and methionine amino acids are beneficial because 

they reduce cholesterol levels in rats [36, 37]. 

The other part could be accompanying of complete 

protein and fish oil. Fish oil is rich in omega 3 fatty acids, 

several studies indicate that supplementation with fish oil 

rich in ( n-3 PUFA) has beneficial effects on the renal 

insufficiency. A study demonstrated that the fully defatted 

fish protein diet does not improve the renal failure 

compared with the control casein diet in spontaneously 

hypercholesterolemic rats, whereas a semi-defatted fish 

protein diet can improve renal function [12]. This suggests 

that the beneficial effect of the fish protein diet depends on 

the accompanying fish oil since the fish protein source 

includes 10% fat as shown in table1. Clinical and 

epidemiological studies have shown that fish oil has 

beneficial effects on the cardiovascular system. Researchers 

have reported that fish oil prevents hypertension because it 

lowers blood pressure [38, 39, and 40]. Other researchers 

have also found similar findings and reported that fish oil is 

important in the management of cardiovascular disorders 

[41, 42]. Therefore, since the findings are relevant to 

humans, their extrapolation means that consumption fish 

diet or oil is necessary for patients with chronic renal 

diseases to manage their conditions. Moreover, since fish 

diet or oil improves prognosis cardiovascular disorders, it is 

recommendable that people should use of fish diet in 

prevention and management of cardiovascular diseases. 

Thus, further research should continue to study how 

different protein sources affect renal failure in humans. 

3.3. Histological Results 

As expected, the kidneys from rats in the negative 

control group had normal histological features of the renal 

parenchyma (Fig. 1). By contrast, the kidneys from the 

positive control group showed congestion of the renal 

blood vessels (Fig. 2). No histopathological changes were 

observed in the kidneys of rats fed the fish protein diet (Fig. 

3). Kidneys from rats fed the meat protein diet exhibited 

hypertrophic glomerular tufts (Fig.4). Vacuolar 

degeneration of the endothelial cells in the glomerular tufts 

was observed in the kidneys from rats fed the chicken 

protein diet (Fig.5). The kidneys from rats fed the egg 

protein diet also exhibited vacuolar degeneration of 

epithelial cells in the renal tubules and the glomerular tufts 

(Fig. 6). No histopathological changes were observed in the 

kidneys from rats fed the soybean diet (Fig.7). Finally, the 

kidneys from rats fed the lentil or white bean protein diets 

exhibited congestion of the tubular capillaries (Fig.8) and 

of the renal blood vessels (Fig.9).The present study 

revealed that no histopathological changes in the kidneys of 

rats fed the fish or soy protein diets existed; hence, 

suggesting that these diets did not affect kidney tissues. 

These results also suggest that the fish protein and soy 

protein diets may improve the pathological changes in the 

renal parenchyma of rats with renal failure. These are 

consistent with the findings, which reported that low-

protein diets protected against histological damage and 

exhibited improved mortality compared with other diets in 

rats with experimental chronic renal failure [43]. 

 

   

Fig. (1): A kidney from a rat in the negative control 

group exhibiting normal histological structures of the 

renal parenchyma (H&E; original magnification, 

200×). 

Fig (2): Kidney of rat from group 2 showing 

vacuolar degeneration of epithelial lining 

renal tubules and endothelial lining 

glomerular tufts (H and E x 200). 

Fig (3): Kidney of rat from group 3 showing no 

histopathological changes (H and E x 200). 



30 Nadia Saleh Al-Amoudi:  Dietary Protein and Renal Failure 

 

   

Fig (4): Kidney of rat from group4 showing 

hypertrophy of glomerular tufts (H and E x 200). 

Fig (5): Kidney of rat from group 5 showing 

vacuolations of endothelia lining glomerular 

tufts (H and E x 200). 

Fig (6): Kidney of rat from group 6 showing 

vacuolations of epithelial lining renal tubules 

and endothelial lining glomerular tufts (H and 

E x 200). 

   

Fig (7): Kidney of rat from group 7 showing no 

histopathological changes (H and E x 200). 

Fig (8): Kidney of rat from group 8 showing 

congestion of intertubular blood capillaries 

(H and E x 200). 

Fig (9): Kidney of rat from group 9 showing 

congestion of renal blood vessels (H and E x 

200). 

 

4. Limitation 

In this research I did not find a mechanism explains the 

role of fish protein in improving renal failure without 

dialysis, therefore, the study suggested that the effective 

impact is due to the quality, percentage, and metabolism of 

amino acids in fish according to the results. 

5. Conclusion 

This study revealed that a low protein diet containing 

fish protein slowed the progression of chronic failure in rats 

to a greater degree than the diets containing other protein 

sources. 
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