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Implication for health policy/practice/research/medical education:
Kishk Sa′eedi (KS) with or without gum Arabic (GA) or a mixture of both GA and pomegranate seed oil could impart protection 
from the incidence of metabolic syndrome with superiority to KS without any addition. Therefore, consumption of KS might be 
a preventive functional food for such syndrome.
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Introduction: In the present research, the health benefits of the traditional Egyptian food 
called Kishk Sa′eedi (KS) and KS mixed with gum Arabic (GA) or with a mixture of GA and 
pomegranate seed oil (PSO) were studied in a rat model of metabolic syndrome (MS) induced 
by feeding high fructose high hydrogenated fat diet (HFFD).
Methods: Rats were divided into a normal control group (NC) fed on a balanced diet (Diet 
1), a MS control (MSC) receiving HFFD (Diet 2), and three test groups feeding on HFFD 
containing KS (Diet 3), KS with GA (Diet 4), and KS with GA and PSO (Diet 5), respectively 
for five weeks. Biochemical and histopathological changes were assessed.
Results: Significant increase in blood glucose, plasma alanine aminotransferase (ALT) and 
aspartate aminotransferase (AST), urea, creatinine, uric acid, malondialdehyde (MDA), 
dyslipidemia and reduction in reduced glutathione (GSH) were demonstrated in MSC 
compared to NC (P < 0.05). Significant elevation in liver fat, MDA and gene expression of 
interleukin-6 (IL-6) with significant down-regulation of peroxisome proliferator-activated 
receptor (PPAR-α) were noticed in MSC compared to NC (P < 0.05). The three test diets 
improved plasma high-density lipoprotein-cholesterol (HDL-C), uric acid, MDA, liver 
PPAR-α and IL-6 expression (P < 0.05) compared to MSC without affecting liver lipids. Blood 
glucose, plasma dyslipidemia, AST, creatinine and urea were improved by diet 3 and diet 
5 (P < 0.05). Diet 3 elevated GSH and reduced ALT and MDA (P < 0.05). Histopathological 
changes induced by HFFD in both liver and kidney showed variable improvement by feeding 
the tested diets.
Conclusion: The tested diets significantly improved MS rat model with superiority to diet 3. 
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A B S T R A C T

Introduction
Unhealthy life-style represented by high intake of sugar, 
especially fructose and saturated fat, accompanied by 
physical inactivity, are among the main causes of both 
metabolic syndrome (MS) and steatohepatitis (1). MS is a 

cluster of changes that could lead to cardiovascular diseases 
(CVDs) and diabetes mellitus type 2. Such changes include 
insulin resistance, hypertriglyceridemia, central obesity, 
hypertension, hyperglycemia, dyslipidemia, and fatty 
liver. Previously, it was assumed that kidney dysfunction 
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was included as a component of MS, but this association 
has not yet been completely established (2). This might 
be due to the assumption that intake of high-fat high-
fructose diet might induce MS, obesity, CVDs, and kidney 
dysfunction (3,4). Management of the aforementioned 
changes could certainly inhibit progression to diabetes, 
heart diseases, and morbidity (5-7). Non-alcoholic 
steatohepatitis (NASH) is the hepatic component of 
MS (8), which denotes accumulation of liver fat with 
inflammation and initiation of fibrosis that ultimately can 
lead to hypertriglyceridemia, hyperglycemia and CVD. 

It is proposed that functional foods could ameliorate 
the changes induced by unhealthy life-style represented by 
consumption of high-sugar high-fat diet, which may be one 
of the main causes of MS, NASH, and kidney dysfunction. 
Egyptian traditional food, Kishk Sa′eedi (KS), which is a 
sun-dried mixture of fermented wheat product (burghul) 
and milk ethnically used in Upper Egypt could have 
health benefits towards the aforementioned diseases due 
to the presence of useful probiotics and their metabolites 
(9). Gum Arabic (GA) is a dry gummy exudate from the 
stem and branches of Acacia senegal. It is a branched-
chain complex of the polysaccharides that might serve as 
prebiotic to enhance beneficial microflora, and claimed to 
possess hepato-, reno- and cardio-protective effects (10). 
Pomegranate seed oil (PSO) contains a high percent of 
punicic acid, which is the structure isomer of conjugated 
linolenic acid, and to which the health benefits of PSO 
were ascribed. The seed also contains oleic and linoleic 
acid (11). So both PSO and GA were selected to be 
studied in the present research because they have shown 
previously to possess health benefits related to MS.

The objective of the present work was to study the health 
benefits of functional foods represented by KS, with or 
without GA, or a mixture of GA and PSO in a rat model of 
MS with steatohepatitis and kidney dysfunction. This rat 
model was induced by feeding a diet high in fructose and 
hydrogenated fat and containing cholesterol and cholic 
acid.

Materials and Methods
Plant materials
GA (Acacia senegal, family fabaceae) was purchased from 
a local market, Egypt. KS was obtained from a local market 
from different areas in Giza, Egypt. Pomegranate fruit 
(Punica granatum, family: Lythraceae) was purchased 
from a local market, Giza, Egypt.

Preparation of pomegranate seed and its oil
Whole pomegranate fruits were weighed, peeled off, and 
the seeds were separated and squeezed by fruit juicer. The 
hard parts of the seed were washed, cleaned, and dried 
in a hot air oven at 40°C. The dried seeds were weighed, 
crushed, and subjected to continuous extraction by soxhlet 
apparatus using petroleum ether (40-60°C) as a solvent. 

After complete extraction, the solvent was volatilized 
under reduced pressure using a rotary evaporator at a 
temperature not exceeding 40°C, and the oil was obtained.

Microencapsulation of pomegranate seed oil (PSO)
PSO was microencapsulated by two layers of sodium 
alginate and GA. Then it was freeze-dried. To confirm the 
inclusion of the oil perfectly in the capsule, encapsulation 
efficiency was determined according to a previous method 
(12). Encapsulated PSO was subjected to scanning electron 
microscopy (SEM) to determine the particle size.

Determination of the proximate composition of KS
KS has a round and irregular shape. The purchased KS 
samples from different regions were mixed equally, dried 
in a hot air oven at 40°C, and reduced into fine powder for 
determination of moisture, protein, fat, and ash according 
to AOAC (13). Carbohydrates (available + non available) 
were calculated by differences.

Animals
Male adult albino rats were obtained from the Animal 
House of National Research Centre, Cairo, Egypt, and 
maintained on balanced diet for acclimatization till 
they reached 170-180 g body weight. Animals were kept 
individually in stainless steel cages; water and food were 
given ad-libitum with 12 hours light/dark cycle. 

Diets 
Five experimental diets were prepared (Table 1); a 
balanced diet (Diet 1) and a high fructose-high fat diet 
containing both cholesterol and cholic acid (HFFD) and 
devoid of fibers (Diet 2). HFFD containing 10% KS (Diet 
3), HFFD supplemented by a mixture of KS (10%) and 
GA (5%) (Diet 4), and HFFD containing a mixture of KS 
(10%), GA (5%), and PSO (1%) (Diet 5) were prepared as 
the test diets. 

HFFD was prepared similar to previous researches (14-
16) with some modifications to induce MS associated with 
NASH and kidney dysfunction.

Experimental procedure
Forty rats were divided into five equal groups. The first 
was a normal control (NC) group, where the rats received 
a balanced diet (Diet 1). The second group was MS control 
(MSC), where the rats were fed on Diet 2 (HFFD). Groups 
three, four, and five were fed on diet 3, 4, and 5, respectively. 
During the experiment, body weight and food intake were 
monitored once a week. At the end of the experiment that 
continued for five weeks total food intake, body weight 
gain, and food efficiency ratio (Body weight gain/total 
food intake) were calculated. Fasting blood glucose was 
measured using a supersensor Glucometer (GlucoDr™) at 
the early morning, where blood samples were drawn from 
rat tail. Blood uric acid was assessed using a uricometer 
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(EasyTouch, GCU, Taiwan). Blood samples were collected 
from the eye vein of anaesthetized rats after an overnight 
fast, in heparinized tubes. Plasma was separated by 
centrifugation at 3500 rpm for 15 minutes. Lipid profile 
represented by plasma total cholesterol (TC), high density 
lipoprotein cholesterol (HDL-C), low density lipoprotein 
cholesterol (LDL-C), and triglycerides (TG) were 
determined as previously mentioned (17-20). Atherogenic 
index (AI) was calculated (TC /HDL-C) to indicate the 
risk factor for CVDs (21). Liver functions were assessed by 
measuring activities of plasma aspartate aminotransferase 
(AST) and alanine aminotransferase (ALT), as outlined 
previously (22). Urea and creatinine were estimated 
as representative of kidney function (23, 24). Plasma 
reduced glutathione (GSH) was determined by enzyme-
linked immune-sorbent assay (ELISA) (SinoGeneclon 
Biotech Co., Ltd). Rats were dissected for immediate 
separation and weighing of liver, heart and kidney. The 
liver was cut into 4 pieces. The kidney and the first piece 
from the liver were collected from all experimental groups 
and fixed in neutral buffered formalin (10%), washed, 
dehydrated, cleared and embedded in paraffin. Paraffin 
blocks were sectioned at ~5 µm thickness and stained 
with hematoxylin and eosin (H&E) (25). The slides were 
examined for histopathological alterations under a light 
microscope (Model CX41, Olympus, Japan). The second 
piece of the liver was rinsed in saline and kept frozen at 
-20°C for determination of total lipid content adopting 
the previous procedure (26,27). The third piece of the 
liver was rinsed in phosphate-buffered saline with pH 
7.4 for immediate estimation of liver malondialdehyde 
(MDA). Liver MDA was estimated as a marker of lipid 
peroxidation (28). The fourth piece of liver was used 
for extraction of RNA for subsequent assessment of 
peroxisome proliferator-activated receptor (PPAR)-α and 
interleukin-6 (IL-6) gene expression adopting real time 

polymerase chain reaction (RT-PCR).

Determination of total lipid content
The liver tissue was homogenized with dichloromethane/
methanol (2/1) 20 times the volume of the tissue sample (1 
g liver tissue in 20 mL of solvent mixture). After dispersion, 
the whole mixture was agitated for 15-20 minutes in an 
orbital shaker at room temperature. The homogenate was 
centrifuged at 3000 rpm to recover the liquid phase. The 
liquid phase was transferred to a clean tube. The solvent 
was washed with saline (4 ml for 20 mL). After vortexing 
for a few seconds, the mixture was centrifuged at low speed 
(2000 rpm) to separate the two phases. The upper phase was 
removed and discarded. The lower phase (dichloromethane 
containing lipid) was transferred to a clean pre-weighed 
tube. Dichloromethane was evaporated under a nitrogen 
stream. The tubes were re-weighed and the difference 
accounted for total fat in 1 g liver tissue. Liver fat was 
calculated as g/100 g liver tissue (26,27). 

Gene expression analysis by RT-PCR
Total RNA was isolated from liver tissue with PureLink® 
RNA Mini Kit (Ambion® Life TechnologiesTM) according 
to the manufacturer’s instructions. RNA concentrations 
were measured with a NanoDrop spectrophotometer. The 
purity of the extracted RNA was assessed by the A260nm/
A280nm ratio. The cDNA was synthesized from 2.0 µg of 
total RNA in 20 µL reaction with the High Capacity cDNA 
Reverse Transcription kit (Ambion® Life TechnologiesTM) 
according to the manufacturer’s instructions. 

Real-time PCR was performed with a Rotor-Gene® 
MDx instrument. The RT-PCR reaction mixture (20 µL) 
contained 1 µL template cDNA, 1× the EvaGreen® PCR 
master mix (HOT FIREPol® EvaGreen® qPCR Mix Plus, 
Solis BioDyneTM) and 0.2µM of the primer pairs. Primer 
pairs sequence used for PPAR-α and interleukin-6 (IL-6) 

Table 1. Composition of the experimental diets (g/100 g)

Ingredients
Type of diet

Balanced diet (Diet 1) HFFD (Diet2) Diet 3 Diet 4 Diet 5
Casein 12 12 9.58 9.58 9.58
Sunflower oil 10 1.07 1.00 1 -
Starch 68.5 12.66 5.15 0.15 -
Fructose - 49.59 49.59 49.59 49.59
Cellulose 5 - - - -
Mineral mixture 3.5 3.5 3.5 3.5 3.5
Vitamin mixture 1 1 1 1 1
Hydrogenated oil - 18.93 18.93 18.93 18.93
Cholesterol - 1 1 1 1
Cholic acid - 0.25 0.25 0.25 0.25
KS - - 10 10 10
GA - - - 5 5
PSO microencapsulation - - - 1.15*

HFFD: High fructose-high fat dietl; GA, Gum Arabic; KS, Kishk Sa′eedi; PSO, Pomegranate seed oil.
*1.15 g from pomegranate seed oil (PSO) microcapsules= 1 g PSO.    
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gene expression analysis were adapted from the literature 
(29,30); primers′ sequence is presented in Table 2. PCR 
reactions were performed using the following protocol: 
95°C for 15 min, 45 cycles of 15 seconds at 95°C, 60 
seconds at 55°C or 60°C, 20 seconds at 72°C and melting 
curve program (60-95°C). PCR water was used instead 
of cDNA templates as a negative control. The relative 
expression of the target genes was calculated using 2-∆∆CT 

method (31); the target gene expression was normalized 
to the expression of the house-keeping gene GAPDH.

Statistical analysis 
The results of the animal experiment were expressed as 
the mean±SE and they were analyzed statistically using 
the one-way analysis of variance ANOVA followed by 
Tukey test using Statistical Package of Social Sciences 
(SPSS) software version 22. In all cases, P≤0.05 was used 
as the criterion of statistical significance. 

Results
The proximate composition of KS (Table 3) as g/100 
g sample was 24.2, 9, 7.4, 0.7, and 58.7 for protein, ash, 
moisture, fat, and total carbohydrates (Available and non- 
available carbohydrates), respectively.

The yield of pomegranate seed and its oil
Pomegranate seed is white and small presents inside the 
red fleshy pomegranate arils. 6858 g fruits (arils) gave 365 
g dry seeds. Thus, fresh pomegranate fruit (arils) contains 
5.3% dry seeds. 365 g seeds gave 58 g of PSO. Hence the 
yield of PSO was 16%. Then, the pomegranate fruit (arils) 
gives approximately 0.85 % oil from its seeds.

Encapsulation efficiency and scanning electron 

microscopy of the encapsulated PSO
The extraction of the encapsulated PSO indicated that 1 g 
capsule contained 0.87 g of PSO. SEM showed the presence 
of encapsulated PSO in the micro range (Figure 1).

Result of the animal experiment
 Nutritional parameters are shown in Table 4. It could be 
noticed that final body weight and body weight gain of 
MSC control were higher than NC without a significant 
difference with an insignificant reduction in total food 
intake and a significant increase in food efficiency ratio. 
HFFD supplemented with either KS or KS+GA+PSO 
produced an insignificant reduction of body weight 
gain and final body weight compared to NC and MSC. 
HFFD+Kishk+GA produced a significant reduction in 
body weight gain and final body weight compared to 
MSC, while only body weight gain showed a significant 
reduction from NC. Food efficiency demonstrated a 
significant reduction in all test groups compared to MSC. 

Relative organ weight/body weight percent and liver 
fat percent of different experimental groups are shown 
in Table 5. There were insignificant changes of relative 
kidney and heart weight/body weight percent among 
different groups. Liver fat and liver/body weight percent 
of MSC showed significant increase compared to the NC. 
Liver fat and liver/body weight percent of the different test 

Table 2. Primers used for real-time polymerase chain reaction amplifications

Target genes Sequences Annealing temperature PCR product size (bp)

PPARα FW (5′- TTCGGAAACTGCAGACCT -3′)
RW (5′- TTAGGAACTCTCGGGT -3′ ) 55°C 442 

IL-6 FW (5′- TGATGGATGCTTCCAAACTG -3′)
RW (5′- GAGCATTGGAAGTTGGGGTA -3′) 60°C 230

GAPDH FW (5′- GTATTGGGCGCCTGGTCACC -3′) 
RW (5′- CGCTCCTGGAAGATGGTGATGG -3′) 60°C 324

bp: Base pair.

Table 3. Proximate composition of Kishk Sa′eedi (g/100 g)

Parameter %

Protein 24.2

Fat 0.7

Ash 9

Moisture 7.4

Total carbohydrates (Available and non-available 
carbohydrates) 58.7

a

c

b

 
 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Scanning electron microscopy measure of the encapsulated 
pomegranate seed oil (a: 10 µm, b: 50 µm and c: 40 µm).
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groups showed insignificant changes from MSC. 
Plasma lipid profile and blood glucose are compiled in 

Table 6. MSC showed significant increases in blood glucose 
and plasma TG, TC, LDL-C, and AI with a significant 
reduction in HDL-C compared to NC. Supplementation of 
diet with either KS or KS+GA+PSO produced a significant 
improvement of all these parameters while diet containing 
KS+GA showed only significant improvement in HDL-C 
and AI. Blood uric acid and liver and kidney function of 
the experimental groups are shown in Table 7. Blood uric 
acid and all parameters of liver and kidney functions were 
significantly increased on feeding HFFD (MSC) compared 
to NC. All these parameters were improved significantly 
on feeding HFFD supplemented by KS. Feeding HFFD 
diet supplemented by KS+GA produced only significant 

reduction of uric acid. Significant improvements of uric, 
urea and creatinine and the activity of AST were noticed 
on feeding HFFD containing Kishk+GA+PSO.

Plasma GSH and both plasma and hepatic MDA of 
different experimental groups are shown in Table 8. 
Significant elevations of plasma and hepatic MDA with 
significant reduction of plasma GSH were noticed in 
MSC compared to NC. Significant improvements of these 
parameters were shown on supplementation with KS, 
while only a significant improvement in plasma MDA was 
demonstrated on feeding either of the other two tested 
diets.

PPARα and IL-6 genes were expressed in the liver of all 
experimental groups (Table 9). PPARα gene expression was 
significantly down-regulated in MSC compared with the 

Table 4. Nutritional parameters of different experimental groups

Groups Initial body weight (g) Final body weight (g) Body weight gain (g) Total food intake (g) Food efficiency ratio

NC 172.6a ± 8.25 238.4ab ± 6.1 65.8a ± 6.4 413.9ab ± 11.51 0.16 a ± 0.016

HFFD Control 171.9a ± 7.37 246.3b ± 6.64 74.4a ± 5.8 357.63a ± 24.76 0.210b ± 0.023

HFFD+KS 172.9a ± 5.64 232.1ab ± 7.7 59.3ab ± 3.7 422.5ab ± 30.62 0.140a ± 0.011

HFFD+KS+GA 172.6a ± 6.4 223a ± 6 50.4b ± 2.4 404.4ab ± 22.87 0.125a ± 0.008

HFFD+KS+GA +PSO 172.1a ± 6.67 231.8ab ± 7.3 59.6ab ± 6.9 439.3b ± 21.65 0.136a ± 0.015

Data are means ± SE; n = 8. In the same column similar letters mean insignificant difference within groups while different letters mean significant 
difference at P<0.05.
NC: Normal control fed on balanced diet, HFFD: High fructose-high fat diet, GA: Gum Arabic, PSO: Encapsulated pomegranate seed oil, KS:  Kishk 
Sa′eedi.

Table 5. Relative organ weight/body weight (g%) and liver fat percentage of different experimental groups

Groups Liver weight/
body weight%

Liver fat 
(g/100 g liver tissue)

Heart weight/
body weight%

Kidney weight/
body weight%

NC 3.4a ± 0.12 4.32a ± 0.23 0.32a ± 0.05 0.59a ± 0.09

HFFD Control 4.6b ± 0.21 10.22bc ± 1.00 0.28a ± 0.05 0.72a ± 0.03

HFFD+KS 4.24b ± 0.15 10.02b ± 0.50 0.28a ± 0.04 0.68a ± 0.03

HFFD+KS+GA 4.73b ± 0.31 11.76c ± 0.609 0.36a ± 0.02 0.73a ± 0.02

HFFD+KS+GA+PSO 4.7b ± 0.42 11.72bc ± 0.33 0.3a ± 0.01 0.65a ± 0.04

Data are means ± SE; n = 8. In the same column similar letters mean insignificant difference within groups while different letter means significant 
difference at P<0.05.
NC: Normal control fed on balanced diet, HFFD: High fructose-high fat diet, GA: Gum Arabic, PSO: Encapsulated pomegranate seed oil, KS:  Kishk 
Sa′eedi.

Table 6. Blood glucose and plasma lipid profile (mg/dL) of different experimental groups

Groups Glucose TG T-C HDL-C LDL-C AI

NC 72.75a ± 2.76 47.14a ± 1.79 71.12a ±1.07 43.33 a ± 0.91 18.52 a ± 1.21 1.65 a ± 0.04

HFFD Control 86.63b ± 2.20 90.03b ± 3.63 121.49b ± 5.81 35.53 b ± 1.97 67.95 b ± 5.27 3.42b ± 0.20

HFFD+KS 72.38a ± 2.43 50.88a ± 1.83 95.23c ± 2.89 46.99ac ± 1.60 38.06 c ± 3.09 2.03c ± 0.10

HFFD+KS+GA 84.8b ± 1.26 87.98b ± 2.44 130.20b ± 5.19 48.84c ± 1.96 58.84b ± 5.88 2.67c ± 0.14

HFFD+KS+GA +PSO 75.50a ± 1.49 59.22c ± 1.96 100.08c ± 2.37 44.47 ac ± 2.19 43.76 c  ± 3.5 2.25c ± 0.15

Data are means ± SE; n = 8. In the same column similar letters mean insignificant difference within groups while different letters mean significant 
difference at P<0.05.
NC: Normal control fed on balanced diet, HFFD: High fructose-high fat diet, GA: Gum Arabic, PSO: Encapsulated pomegranate seed oil, KS:  Kishk 
Sa′eedi , TG: Triglycerides, TC: Total cholesterol, HDL-C: High density lipoprotein cholesterol, LDL-C: Low density lipoprotein cholesterol, AI: 
Atherogenic index = T-C /HDL-C
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healthy control rats. Intake of KS alone or in combination 
with GA induced a significant up-regulation of the mRNA 
expression of PPARα by 3.1 and 3.5 fold-change than 
MSC, respectively. Feeding diet containing PSO + KS + 
GA increased PPARα gene expression significantly to 2.28 
fold compared to MSC. The mRNA expression of IL-6 was 
significantly up-regulated in the liver of MSC. However, 
different treatments have reversed the up-regulation in 
the expression of IL-6. Gene expression of IL-6 level was 

Table 7. Liver and kidney functions and uric acid of different experimental groups

Groups
Liver functions Kidney functions 

Uric acid (mg/dL)
AST(IU/L) ALT(IU/L) Urea (mg/dL) Creatinine (mg/dL)

NC 23.24 a ± 1.14 12.61 a ± 0.89 29.08 a ± 2.41 0.25 a ± 0.02 1.27 a ± 0.11
HFFD Control 40.42 b ± 1.16 21.24 b ± 0.93 91.94 b ± 2.97 0.65 b ± 0.03 5.26 b ± 0.30
HFFD+KS 30.29 c ± 0.79 16.86 c ± 1.10 66.49 c ± 1.54 0.55 c ± 0.02 2.54 c ± 0.14
HFFD+KS+GA 41.67 b ± 0.88 21.86 b ± 0.77 84.14 bd ± 1.54 0.63 bd ± 0.02 2.78 c ± 0.14
HFFD+KS+GA+PSO 37.17 d ± 0.56 21.24 b ± 1.07 77.77 d ± 4.56 0.57 cd ± 0.03 2.76 c ± 0.13

Data are means ± SE; n = 8. In the same column similar letters mean insignificant difference within groups while different letters mean significant 
difference at P<0.05.
NC: Normal control fed on balanced diet, HFFD: High fructose-high fat diet, GA: Gum Arabic, PSO: Encapsulated pomegranate seed oil, KS:  Kishk 
Sa′eedi; ALT: Alanine aminotransferase, AST: Aspartate aminotransferase

Table 8. Plasma GSH and both plasma and hepatic MDA of different experimental groups

Groups Plasma GSH (µg/mL) Plasma MDA (nmol/mL) Hepatic MDA (nmol/g tissue)

NC 3.71 a ± 0.24 3.21 a ± 0.26 58.16 a ± 4.79

HFFD Control 3.07 b ± 0.10 7.40 b ± 0.70 105.12 b ± 8.98

HFFD+KS 3.61 ac ± 0.09 4.85 cd ± 0.33 60.56 a ± 3.86

HFFD+KS+GA 3.46 bc ± 0.09 6.05 c ± 0.40 101.04 b ± 2.67

HFFD+KS+GA+PSO 3.30 bc ± 0.13 4.76 d ± 0.35 93.79 b ± 2.48

Data are means ± SE; n = 8. In the same column similar letters mean insignificant difference within groups while different letters mean significant 
difference at P<0.05.
NC: Normal control fed on balanced diet, HFFD: High fructose-high fat diet, GA: Gum Arabic, PSO: Encapsulated pomegranate seed oil, KS: Kishk 
Sa′eedi, GSH: Reduced glutathione, MDA: malondialdehyde.

Table 9. The relative expression of PPARα and IL-6 genes in liver of 
different experimental groups

Groups
Relative expression

IL-6 PPARα

NC 0.03±0.024 b 3.11±0.086 b

HFFD control 1.00±0.111 a 1.00±0.114 a

HFFD+KS 0.31±0.034 c 3.12±0.398 b

HFFD+KS+ GA 0.53±0.022 e 3.55±0.172 b

HFFD+KS+ GA+ PSO 0.56±0.019 e 2.28±0.205 c

The values are means± SE. In the same column similar letters mean 
insignificant difference within groups while different letters mean 
significant difference at P<0.05.
NC: Normal control fed on balanced diet, HFFD: High fructose-high 
fat diet, GA: Gum Arabic, PSO: Encapsulated pomegranate seed oil, 
KS:  Kishk Sa′eedi, PPAR-α: Peroxisome proliferator-activated alpha 
receptor, IL-6: Interleukin-6. 
The mRNA expression of PPARα and IL-6 is normalized with 
housekeeping gene (GAPDH); values are fold change of HFFD control 
group. 

significantly lowered by 3.2 and 1.9 fold after treatment 
with KS alone or combined with GA. The combination of 
KS, GA, and PSO down-regulated the IL-6 expression by 
1.79 fold compared to MSC.

Histopathological changes of the liver of different 
experimental groups are shown in Figure 2. NC showed 
a normal appearance of hepatic tissue (A). Microscopic 
examination of the livers of the rats fed on HFFD, as 
control group, revealed severe and diffuse scattered fatty 
change (steatosis) throughout the hepatic parenchyma 
in most of the examined cases (B1). The hepatic blood 
vessels appeared dilated and congested. In few cases, 
marked subcapsular and interstitial hemorrhages were 
seen (B2). Liver of the rats fed on HFFD with KS showed 
a variable degree of fatty change, where half of the treated 
animals showed mild to moderate fatty changes (C1). The 
other half revealed severe and diffuse fatty changes (C2). 
Liver of the rats fed on HFFD with KS and GA showed 
diffuse and severe fatty change and vacuolar degeneration 
in half of the examined cases (D1). Moreover, extensive 
subcapsular and interstitial hemorrhages were noticed 
(D2). One case showed mild and focal fatty change, two 
cases revealed multiple areas (periportal and midzonal) 
of moderate fatty change (D3). The hepatic blood vessels 
were also dilated and engorged with blood. Liver of the 
rats fed on HFFD with KS, GA, and PSO showed diffuse 
and severe fatty changes in most of the examined cases 
(E1). In few cases (two) a mild degree of fatty change in 
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the midzonal and periportal hepatocytes fatty change (E2) 
were seen. The pericentral hepatocytes appeared relatively 
swollen with dark eosinophilic cytoplasm and vesicular 
nuclei.

Histopathological changes of the kidneys of different 
groups are illustrated in Figure 3. The kidney of the 
control group demonstrated normal structure of renal 
parenchyma (A). Microscopic examination of the kidneys 
of the rats fed on HFFD as control revealed the presence 
of acidophilic homogenous casts within the lumen of the 
renal tubules (B1) meanwhile numerous dark acidophilic 
granular masses (droplets) were also observed in some 
tubules, whereas the apical portion of the epithelial cells was 
protruded and sloughed (B2). In some cases, the epithelial 
lining of renal tubules showed vacuolar degeneration 
(B3). The renal blood vessels appeared dilated and 
congested, in addition to interstitial haemorrhages (B4). 
The microscopic examination of kidney of the rat fed 
on HFFD with KS showed vacuolar degeneration of the 
epithelial lining of renal tubules of most of examined cases. 
Meanwhile, other tubules appeared cystically dilated and 
were lined by flattened epithelial cells (C1). Moreover, the 
occurrence of eosinophilic homogenous masses within 
the lumen of renal tubules was also observed in half of 
the examined cases. In some tubules, the epithelial cells 
were swollen with granular cytoplasm, and sloughing of 
the apical part into the lumens resulting in the presence of 
eosinophilic droplets within the lumens of tubules (C2). 

The peritubular blood capillaries were also dilated and 
congested. The microscopic examination of the kidney of 
the rat fed on HFFD with KS and GA showed the presence 
of eosinophilic granular masses (droplets) within the 
lumen of renal tubules in half number of examined 
group (Figure 3D). At the same time, the epithelial cells 
appeared swollen (increase in size) with protrusion of the 
apical portion with subsequent sloughing into the lumen. 
Meanwhile, the remaining cases appeared within the 
normal limit. However, dilatation and congestion of renal 
blood vessels were noticed. The microscopic examination 
of kidney of two cases of rats fed on HFFD with KS, GA, 
and PSO showed the presence of eosinophilic granular 
masses (droplets) within the lumen of renal tubules (Figure 
3E1). The epithelial lining of some renal tubules revealed 
degenerative changes, mainly vacuolar degeneration 
(Figure 3E2). The histological picture of the remaining 
cases was more or less similar to the normal control group. 

Discussion
The present work deals with studying the beneficial effects 
of functional foods represented by KS and its combination 
with either GA or GA with PSO in MS model associated 
with steatohepatitis and kidney dysfunction. Such model 
was induced in rats by a high-fructose high-fat diet 
deficient in fiber and supplemented by cholesterol and 
cholic acid. Feeding this diet succeeded in inducing the 
required changes, which agreed with previous works 

Figure 2. Histopathology of liver of different experimental groups. A: Liver of normal control group showed normal structure of hepatic parenchyma (H&E 
X100). B1, B2: HFFD as MSC, B1 demonstrated severe and diffuse scattered fatty change (arrows); H&E X100, B2 showed subcapsular and interstitial 
hemorrhages (arrows) in addition to dilatation and congestion of hepatic blood vessels (asterisks); H&E X100. C1, C2: HFFD+KS, C1 illustrated mild 
and focal fatty change (arrows); H&E X100, C2 showing severe and diffuse scattered fatty change (arrows); H&E X100. D1, D2, D3: HFFD+KS+GA, 
D1 demonstrated severe and diffuse scattered fatty change (arrows); H&EX100, D2 showed area of  extensive  hemorrhage (asterisks); H&E X100, D3 
illustrated moderate  midzonal and periportal  fatty change (arrows); H&E X100, E1, E2: HFFD+KS+GA+ PSO, E1 showed severe and diffuse fatty change 
(arrows); H&E X100, E2 exhibited Liver with mild degree of fatty change in periportal hepatocytes (arrows); H&E X100.
HFFD: High fructose-high fat diet, MSC: Control rats with metabolic syndrome, GA: Gum Arabic, PSO: Encapsulated pomegranate seed oil, KS:  Kishk 
Sa′eedi.
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that used similar diets (15,32,33). Dietary components 
in the prepared diet, especially fructose, enhance lipid 
accumulation in the liver due to stimulation of hepato-
lipogenesis and inhibition of fatty acid beta-oxidation with 
simultaneous induction of insulin resistance, oxidative 
stress, CVD risks, and renal dysfunction (34).

Inflammatory processes and liver death during NASH 
might be related to the accumulation of liver fat leading 
to high oxidative stress and inflammation that may 
induce damage to proteins and hepatocytes. Elevated liver 
cytokines like IL-6, tumor necrosis factor-α, and insulin 
resistance might participate in induction of NASH. 
PPAR in the cell nucleus, which is essential for insulin to 
elucidate its effect, was reported to stop working during 
fatty liver leading to insulin resistance that may result in 
liver cell inflammation and scarring (35).

KS is an Egyptian traditional food, which is a fermented 
milk-wheat (burghul) mixture stored as dried balls (36-
38). KS is a unique balanced food containing B vitamins 
and could possess remedial effects due to its content of 
lactic acid probiotic (36). The composition of KS in the 
present study showed high protein and ash with low-fat 
percentage. The proximate composition of KS greatly 
varied according to milk components, processing 
technique, date of production, and other environmental 
factors. The proximate composition of commercial KS 

showed 8-13% moisture, 9-23% protein, 1-12% fat, 31-
66% carbohydrates, 1%-2% crude fibers, and 6-11% ash 
(37,39-41). The protein content of some samples of KS is 
very high and hence, the amino acid content is excellent. 
Kishk contains high concentrations of phenylalanine, 
threonine, isoleucine, leucine, arginine, valine, tyrosine, 
and lysine, but it has low amounts of tryptophan and 
sulphur-containing amino acids (9,37). 

The high content of ash in Kishk denoted the high level of 
minerals represented by calcium, magnesium, potassium, 
iron, manganese, and selenium as reported previously 
(42). Trace elements like manganese and selenium could 
potentiate the antioxidant enzyme synthesis in the body. 
The health benefit of KS might be ascribed to the presence 
of probiotics′ metabolites (9) associated with microbial 
fermentation process. A previous work (43) showed the 
presence of conjugated linoleic acid in KS that might 
also have added health benefits. Polyunsaturated and 
monounsaturated fatty acids were reported in samples 
of KS (42), which possess hypocholesterolemic, anti-
inflammatory, and cardioprotective effects. Although 
some studies showed low amounts of tryptophan and 
sulphur-containing amino acids in KS (9,37), a previous 
work (43) reported the presence of sulphur containing 
amino acids, which might enhance production of GSH in 
the body and improve the antioxidant status (44), leading 

Figure 3. Histopathology of kidney of different experimental groups. A: kidney of normal control group, showed normal structure of renal parenchyma 
(H&EX200). B1-B4: kidney of rats fed on HFFD as MSC, B1 demonstrated  renal casts  within  the tubules (arrows); H&E,X200, B2 showed the  presence 
of  numerous dark acidophilic granular masses as droplets (arrows); H&EX200, B3 exhibited  vacuolar degeneration of epithelial lining of some tubules 
(arrows); H&EX200, B4 illustrated interstitial haemorrhage (asterisk) in between renal tubules (H&E X200). C1,C2: kidney of rat fed on HFFD with Kishk, 
C1 showed  vacuolar degeneration of epithelial lining of some tubules (black arrows). Others appeared cystically dilated  with flattened epithelium (yellow 
arrows); H&EX200, C2 demonstrated sloughing of the apical portion of epithelial cells (arrows) with formation of eosinophilic droplets in the lumens of 
tubules (head arrows); H&EX100. D: kidney of rat fed on HFFD with KS and GA showing occurrence of eosinophilic droplets (head arrows) in the lumens of 
tubules (H&EX200). E1,E2: kidney of rats fed on HFFD with KS, GA and PSO, E1 illustrated occurrence of eosinophilic droplets (head arrows) in the lumens 
of tubules (H&EX200), E2 showed  vacuolar degeneration of epithelial lining of renal  tubules (arrows); H&EX200. 
HFFD: High fructose-high fat diet, MSC: Control rats with metabolic syndrome, GA: Gum Arabic, PSO: Encapsulated pomegranate seed oil, KS:  Kishk 
Sa′eedi.
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to cardio- hepato- and reno-protective effects. 
KS was reported previously to significantly improve 

TC, TG, HDL-C, LDL-C, and atherogenic index in rats 
(45), which agreed with the present study. Non-available 
carbohydrates in KS, represented by dietary fibers, have 
a role in improving lipid profile through preventing 
absorption of cholesterol. Beneficial lactic acid bacteria 
associated with fermentation process, constituted 25-43% 
of the total bacterial flora in KS (L. casei, L. plantarum, L. 
brevis) and some samples contained a very low number 
of yeasts (9). The beneficial microorganisms and their 
metabolites are considered probiotics, while burghul, 
with its content of fibers, could work as prebiotic that 
could enhance beneficial microbiota in the colon. So both 
probiotic and prebiotic, together named synbiotics, are 
capable of imparting healthy effects. Therefore, KS might 
be considered as functional foods. Lactobacilli, a probiotic 
in Kishk was reported previously to reduce the CVDs risks 
through anti-inflammatory and lipid lowering effects 
(46,47). Some lactobacilli interfere with enterohepatic 
circulation of bile salts with simultaneous combination to 
cholesterol leading to reduction of intestinal absorption 
of cholesterol with subsequent reduction of its blood level 
(48,49). The aforementioned anti-inflammatory effect 
might also participate in the reno- and hepato- protective 
effects. 

GA was reported to alleviate adverse effects of chronic 
renal failure in human by improving urea and creatinine 
levels (50). However other experiments on rats could 
not confirm this effect. A controversy in literature 
concerning the effect of GA on lipid profile in both 
human and rats exists, but there is a suggestion that it 
produces hypocholesterolemic effect in rats. GA was 
demonstrated to possess adverse effects on electrolyte 
balance and vitamin D in mice (10). GA is rich in soluble 
non-viscous fibers (11), which might be the cause of its 
proposed hypocholesterolemic effect. GA was claimed 
to possess anti-inflammatory activity towards intestinal 
mucosa (51) and anti-oxidant effect (52). Thence, cardio- 
and reno-protective effects were proposed (53,54). GA 
was ineffective in ameliorating hepatocellular damage in 
cholestasis induced by fenofibrate in rats (55). The GA, 
used in a concentration up to 10% in drinking water, failed 
to show any antioxidant activity (56). This controversy 
in literature may explain the reduced health benefits 
demonstrated on the inclusion of GA in the diet in the 
present work.

PSO is a rich source of tocopherols, especially the 
gamma homologue, and a lower level of tocotrienols 
and plastochromanol-8 as antioxidant components (57). 
Punicic acid, a structure isomer of conjugated linolenic 
acid, is present in PSO. Also, oleic and linoleic acids 
are among the fatty acids in PSO (11). These fatty acids 
possess hypolipidemic and cardio-protective effects. PSO 
was prepared as microcapsules to prevent any interaction 
with the different food ingredients and components on 

inclusion in the diet and in the GIT.
During the present study, it could be seen from the 

biochemical results that blood glucose was improved to 
reach the normal level on supplementation of either KS 
or KS with GA and PSO, while no effect was noticed 
on feeding KS with GA. Both TC and LDL-C were 
significantly reduced on treatment with either KS or KS 
with GA and PSO, but still not reaching the normal level. 
However, no effect was noticed on feeding KS with GA. 
Plasma triglycerides showed significant improvement 
on feeding diets containing KS or KS with GA and PSO, 
which reached the normal level only in the first case. 
However, the diet supplemented with KS+ GA did not 
show any improvement. These changes might reflect a 
bad (negative or antagonistic) effect of GA that might 
abolish the improving effect of KS, while adding PSO 
could restore the beneficial effect of KS to a certain limit. 
Although GA inclusion produced no beneficial effect 
towards TC, TG, and LDL-C, however, HDL-C and AI 
demonstrated significant improvement on feeding the 
different test diets showing KS to be superior followed by 
KS with GA and PSO, then KS with GA, which pointed to 
cardio-protective effect of the three test diets with variable 
degrees.

Hepatic MDA and reduced GSH were improved 
on supplementation of KS, while plasma MDA was 
significantly improved on feeding either of the three test 
diets; KS was superior. Improvement of these parameters 
reflects an antioxidant effect that prevents inflammatory 
condition with subsequent cardio-, hepato-, and reno-
protective effects, which could be observed by improving 
AI, liver, and kidney function in the present study. No 
significant improvement on liver fat percentage was 
noticed on feeding either of the tested diets on biochemical 
basis. However, the histopathology of liver showed 
improvement in fat deposition in 50% of the rats fed on 
KS diet, 37.5% in those fed on KS with GA diet, and 25% 
in the rats fed on KS with GA and PSO. Histopathological 
changes in kidney were improved by different degrees 
when feeding the different tested diets.

 PPAR-α gene expression negatively correlates with 
insulin resistance and severity of NASH (58). PPAR-α 
regulates expression of the genes involved in fatty acid 
β-oxidation and cytokines (IL-1β, IL-6, IL-8, TNFα, and 
COX-2) (59,60). PPAR-α down-regulates the expression 
of IL-6 via negative cross-talk with NF-kappa B and 
activator protein-1 (61). PPAR-α and IL-6 were improved 
in feeding different test diets pointed to the anti-
inflammatory activity and hepatoprotective effects of such 
diets with superiority of KS diet in case of IL-6 and KS+ 
GA concerning PPAR-α. Though the three tested diets 
could not reduce the liver fat content, however, they could 
significantly down-regulate IL-6 and up-regulate PPAR-α, 
which lead to reduced insulin resistance and inflammation. 
This may point to the prevention of progression of fatty 
liver to steatohepatitis with simultaneous prevention of 
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induction of CVDs and diabetes.

Conclusion
Based on biochemical analysis of plasma and liver, gene 
expression study, and histopathology of liver and kidney, 
it could be concluded that cardio-, hepato-, and reno-
protective effects might be afforded on feeding KS with 
or without either GA or GA with PSO. KS was superior, 
followed by KS with GA and PSO; meanwhile, KS with GA 
had the least effect.
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