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ABSTRACT

This study was conducted from March-May 2021. It included 4 groups of male albino rats for 60 days. The high level of
fat leads to kidney injuries and failure in its functions. Whereas, the group treated with 2% cholesterol in the diet showed a
significant increase (p <0.05) in the levels of low-density lipoprotein (LDL), total cholesterol (TC), triglyceride (TG), and body
weight. There was no significant difference between the other groups. Whereas, treatment with strawberries at a concentration
of 7 mL/kg per day led to returning the cholesterol level to almost normal levels. The administration of strawberry juice led
to the treatment of kidney tissue from the damage caused by high cholesterol to the renal tubules, renal glomeruli, and Henle

loops, and returned them to their normal position.
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INTRODUCTION

Diet and lifestyle play a significant effect in human health,
according to studies.in causing kidney disease. Where a
high-cholesterol diet appears to cause high blood pressure and
kidney injury.' In the developed and third world countries, the
incidence of acute and chronic kidney diseases and disorders
is rising.” The risk of infection has serious complications that
may be short or long in time, and the onset and fast progression
of chronic kidney disease of the disease may lead to death.’

Hypercholesterolemia is one of the most common risk
factors: chronic kidney disease (CKD) and acute kidney disease
(AKD). Acute kidney failure is recognized by the rapid or
fatal absence of kidney function, which leads to the kidneys
not being able to continue filtering body fluids, electrolytes,
and acid-base balance, and the reason for piling up nitrogen
metabolites such as urea. Creatinine or decreased urine output.*
This leads to the accumulation of fat in the visceral tissue of the
kidneys and harms its function due to the increased absorption
of free fatty acids (FFAs) from high-fat food. And the low
oxidation rate leads to the accumulation of intracellular fats in
non-fatty tissues. An increase in FFAs can damage Podocytes,
Proximal Tubular Epithelial Cells, and Tublue interstitial tissue
due to increased production of reactive oxygen species (ROS),
Lipid peroxidation Mitochondrial damage tissue inflammation,
leading to glomerular and tubular lesions.

A relationship between excessive cholesterol and renal
impairment has been established by researchers.® Most
adults over half have high cholesterol levels.” The majority

of past research has focused on the effects of elevated blood
cholesterol on the kidneys. According to these studies, focal
glomerulosclerosis and proteinuria develop fast, leading to
kidney failure.®

Strawberries are characterized by containing high amounts
of phenol and are a loaded source of Ascorbic acid, anthocya-
nins, and folic acid, and are rich in dietary fiber, glycosides,
kaempferol, and quercetin, and a high content of Ellagic
acid and tannins. Strawberry fruits are eaten fresh and made
into jams and sweets, their leaves are used for therapeutic
purposes in tea mixtures, and the juice of the fruits is used
as a treatment for humans suffering from various diseases.’
Recently, researchers have focused their attention on the ben-
efits of strawberry fruits in lowering high levels of fat, which
may lead to atherosclerosis and damage to the rest of the
organs.!?

The purpose of our study was to examine the effects of
strawberry consumption on circulating lipid concentrations
and LDL oxidation, a marker of oxidative stress.

MATERIALS AND METHODS
Plant Collection

The strawberry fruits were obtained from local markets for
the period from March-May 2021 and they are fresh, and the
method described by some researchers'! was followed, where
the fruits were washed and cut into small parts, and then pressed
by a blender to obtain strawberry juice, and the juice was
discarded with a machine Centrifuge at a speed of 3000 rpm
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for 15 minutes, then filter the filtrate with filter paper and keep
at 4°C until use.

Experience Design

Experiments were conducted performed in line with the
ethical guidelines adopted by the Iraqi association for animal
protection and have been accepted by the Biological Society of
Iraq Animal Research Ethics Committee. In this experiment,
24 male Sprague dawelu white laboratory rats were obtained
from the animal house of the College of Veterinary Medicine at
University Tikrit, Tikrit, Iraq. The weights ranged from 170 to
190 gms and their ages ranged from 8 to 10 weeks. The animals
were given a week to adapt to the environmental conditions
and the temperature and lighting cycle were held constant.
The animals were divided into four groups, and the weights
were taken in each week of the experiment, and each group
contained six males. The weight of the animals was calculated
on the first day of the experiment and the weights were taken
at the end of the experiment after 60 days. The first group
was the control and was dosed with a normal saline solution,
the second group was given with the diet 2% cholesterol
(BHD England) daily for 60 days, the third group was
given 7 mL/kg/day of strawberry juice for 2 months, the
fourth group was given a diet containing 2% cholesterol and
dosed with juice Strawberries 7 mL/kg/day for 2 months.
After the end of the experiment, the animals were anesthetized
with dimethyl ether and the kidneys were collected.

Biochemical Test

Total cholesterol (TC), TG, HDL-Cholesterol (HDL-C), and
LDL-Cholesterol (LDL-C) were obtained from heart serum
blood at the end of the experiment and were determined
according to the enzymatic commercially kits from BioMerix
France. The concentrations of LDL-C were determined from
the equation.'?

Statistical Analysis

The differences between the groups were analyzed statistically
by using the SPSS v.22 software. Data has been represented
as + SD. Statistical significance of data was calculated by the
variance (one-way ANOVA) analysis plus tuky check post hoc.
p <0.05 has been significant.

Histological Study

The kidneys were taken after 8 weeks and washed with normal
saline and fixed with formalin 10% for a period of 24—48 hours
and then washed with running water for half an hour and put
with ethanol alcohol from 50—70—-80-90—-100—100% for an hour
in each concentration to withdraw the dehydrated water and
then buried The molten paraffin-embedded at a temperature

of 60—62°C for a period of two hours was poured into the
wax molds, then cut with a microtome of slee Germany 5 to
4 micrometers thick and stained with eosin-hematoxylin dye.

RESULT
The Lipid Profile and weight

The weight results showed significant changes in the average
weight of the animals, as the treatment with G2 cholesterol
led to a significant increase, while the animals treated with
strawberry G3 decreased their weight from the start of the
experiment, and the treatment with cholesterol and strawberry
together G4 showed a small weight change.

The lipid profile showed a significant increase in the
cholesterol group compared with the control group TC, LDL-C,
TG, while it showed a decrease in the rate of HDL-C compared
with the control group. As for the G3 group, the treatment led
to a significant increase in the measurement of HDL-C and
TC decreased. As for the G4 group, treatment with strawberry
juice and cholesterol led to a decrease in TC, LDL-C, and TG,
and it was close to the control group, and this is evidence that
strawberry juice has a therapeutic effect in treating high fat,
and this leads to the lack of fat accumulation and deposition
as shown in Table 1.

Lipid profile parameters units are mg/dL; G1: Control; G02:
2% cholesterol; G3: 7 mL/kg/day of Strawberry juice; G04:
strawberry juice and fed with 2% cholesterol, TC; TG; HDL-C;
LDL-C: LDL-Cholesterol; Differences a,b,c are significant
(p=<0.05) to compare between columns while there were non-
significant (p<0.05) differences between the same letters.

Effect of Strawberry Juice on Kidney Tissue

The results of the current study for the first group control G1:
showed the normal shape of the glomerulus and the capsule
Space (Figure 1).

The second group G2, which was induced with 2%
cholesterol, showed that the cortex of the kidney was
containing glomeruli, the glomerulus was atrophied slightly
and segmented with the presence of many lymphocytes on
its surface, also the capsular space around the glomerulus
was wide, the distal convoluted tubules were wide in its
lumen and have many sloughed cell, the lymphocytes were
infiltrated between the convoluted tubules (Figure 2). However,
The cortex of the kidney was containing atrophied glomeruli
with segmentation, and its surface was infiltrated with
lymphocytes, the capsular space was wide, the proximal
convoluted tubules had normal structure, the distal convoluted
tubules had wide lumens with the presence of remnant debris
of cell (Figure 3). And The glomeruli of the renal cortex was

Table 1: The effect of strawberry juice on serum lipid profile levels and body weights

Group TC mg/dL TG mg/dL HDL-C mg/dL LDL-C mg/dL Weight

Gl 111+ 1134a 102.2 +6.3a 41.2+2.9ab 36.8+3.3a 189.5 +7.5a
G2 202 + 19.6b 163.8 +19.8b 24.5+5.8¢c 752+ 14.1b 290 +21.6b
G3 96.5+10.8a 91.5+6.4a 53.8+5b 29.3+29a 169 +4.5a
G4 120.8 +15.5a 111.3+9a 38.5+ 11.7ac 383+2.7a 210+ 18.5b
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segmented into 4-5 segments, the capsular space was wide
and the Bowman's capsule was interrupted. Most of the blood
vessels were congested with hemolysed blood. The interstitial
connective tissue between the convoluted tubules was
infiltrated with lymphocytes (Figures 4, and 5). The medulla
of a kidney was containing the renal tubules, lined with simple
cuboidal cells, the interstitial connective tissue was containing
collagen fibers with fibroblasts, the blood capillaries in the
interstitial connective tissue was congested with hemolyzed
blood, surrounded with lymphocytes (Figure 6).

The third group G3: which was fed strawberry juice 7mL/
kg/day in Figure 7. showed The renal cortex had normal
glomeruli and normal Bowman’s capsule. the proximal
convoluted tubules and distal convoluted tubules are also
normal in shape and structure and have no appearance lesions
in tissue (Figure 7).

In, the last group G 4: which fed strawberry juice
7 mL/kg/day with 2% cholesterol appeared The renal cortex
had glomeruli with mild atrophy, surrounded with the proximal
convoluted tubules which were normal and the distal convoluted

Figure 1: Kidney, Glomerulus, (A) Capsule space, (B) (H&E x40)

Figure 2: Renal cortex, slight atrophy of glomerulus
(A) Lymphocytes, (B) Capsular space, (C) Sloughing cell
in the lumen of convoluted tubules, (D) (H&E x40)

tubules had fibrinous edema (Figure 8). However The glomeruli
of the renal cortex were normal in size and shape, the proximal
and distal convoluted tubules were containing hypertrophied
epithelial cells and the lumens of these tubules were rarely
seen (Figure 9). and The renal cortex was invested by a
capsule which was seen of delicate connective tissue, the renal
glomeruli were normal and other was seen with the presence
of vacuolated cytoplasm of glomerular epithelial cell, and its
capsular space was wide peripherally, the lumen of certain
tubules had fibrinous edema with cellular debris (Figure 10).
The interstitial connective tissue with lymphocytes had
congested blood capillaries, the renal tubules and Henle loops
segments were normal (Figure 11).

DISCUSSION

The animal’s consumption of a 2% cholesterol diet resulted in
a significant increase in body weight, which is due to a defect
in fat metabolism and absorption caused by cholesterol’s effect
on the mechanism of fat oxidation and thus its accumulation
in various areas of the body, where cholesterol stimulates

Figure 3: Atrophied glomeruli with segmentation
(A) with lymphocytes on its surface widening of capsular space;
(B), Lymphocytic aggregation; (C) (H&E x40)

Figure 4: Congestion of renal blood vessels (A), Proximal convoluted
tubules; (B), Distal connective tissue; (C), Lymphocytes; (D). (H&E x40)
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Figure 5: Segmentation of renal glomerulus (A), Interruption of
Bowman’s capsule(B), Congested blood vessels with hemolyzed Figure 9: Normal size and texture of glomeruli (A), Hypertrophied
blood(C), Lymphocytic infiltration (D). (H&E x40) epithelial cell of proximal and distal connective tissues (B). (H&E x40)

Figure 6: Medulla of kidney, renal tubules (A), interstitial connective
tissue with fibroblasts (B), Congestion of blood capillaries (C), Figure 8: Renal cortex mild atrophy of glomerulus (A) proximal
Lymphocytes (D). (H&E x40) convoluted(B), distal C.T. (C) fibrinoid edema (D). (H&E x40)

Figure 10: Normal size of the glomerulus (A), Capsular space

Figure 7: Renal cortex, normal glomerulus (A), Normal proximal and (B), Vacuolateq cytoplasm of the glomerular epithelium
distal convoluted tubules (B). (H&E x40) (C), Fibrinous edema (D). (H&E x40)
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Figure 11: Interstitial connective tissue with lymphocytes
(A), Congested blood capillaries; (B), Renal tubules;
(C), Thin segments of Henle loops(D). (H&E x 40)
the synthesis of hormones such as cortisol, testosterone,
and estrogens. Which represent steroid hormones and
these hormones contribute to an increase in body weight.'?
In contrast to the other groups, weight was reduced, and this
is due to the phenolic compounds possessed by strawberry
juice, as it leads to fat reduction and thus weight reduction
by reducing the growth of adipocytes and preventing the
accumulation of fat through the events of the cell cycle.!*!?
And dyslipidemia, as demonstrated by the increase in the levels
of total cholesterol in the blood significantly, and is consistent
with the study conducted by other researchers,'® which led to
high levels of fats in the blood as a result of an imbalance in the
metabolism of fats a noticeable loss in the level of HDL-C and
thus change the metabolism of lipids And lipoproteins and their
excess lead to nephrotic syndrome.'”'® Our renal histological
findings are consistent with what was mentioned.® One of the
target cell types for hypercholesterolemia is mesangial because
it binds lipoproteins through expressed receptors, which can
lead to lipid accumulation and glomerular dysfunction.'”
One of its main roles in causing glomerular injury is through
the production of the extracellular matrix. The reason for the
damage in the kidney tissue is because excess fat increases the
stimulation of energy houses and generates ROS and decreases
glutathione with a weakness in the work of antioxidants, which
causes the generation of oxidative stress, as it leads to lipid
peroxidation, which is one of the causes of nephron poisoning
and damage to renal tissue because Hypercholesterolemia is
associated with oxidative stress that results from increased
ROS production and impaired antibody system.?’ It is believed
that the result of the accumulation of fat in the kidneys leads
to kidney disease®' because it’s associated to macrophage
infiltration, which triggers the release of pro-inflammatory
cytokines containing tumor necrosis factor causing kidney
injury.?! Damage to the glomeruli and tubules and bleeding in
the blood vessels as a result of gaps in the lining of the blood
vessels, thus causing red blood cells to exit from inside the

vessels, leading to hemorrhage and necrosis of the renal tubules
resulting from the effect of free radicals that disrupt metabolic
processes, which causes necrosis and stimulates defense
cells and increases Infiltration and thus damage occurs.??
Studies indicate that prolonged consumption of strawberry
juice improves the cholesterol-lowering effect over time. It
was earlier>observed that a 6 and 11% decrease in LDL-C
concentration after taking strawberries for 4 and 8 weeks,
respectively.' It also reported a decrease in LDL cholesterol
and total cholesterol after feeding strawberries 454 g per day
for a month.

CONCLUSION

This study showed that the use of strawberry juice led to
lowering the level of lipids (cholesterol, triglycerides, and
low-density lipids) and raising the level of high-density lipids
while reducing the weights of the studied rats, and the ability
of strawberry juice to prevent damage to the kidney tissue of
the affected rats.
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