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Abstract 

Background: Hyperlipidemia is a significant cause of cardiovascular disease and global death by inducing endothelial dysfunction and 
narrowing blood vessels. The kidney is the first organ damaged by hyperlipidemia that distracts endothelial capillaries and increases 
glomerulosclerosis due to decreased renal blood flow. Rosuvastatin has an anti-hyperlipidemic effect and also improves endothelial 
function and reduces inflammation and oxidative stress. Objectives: The present study aimed to investigate the impact of rosuvastatin 
on histopathological and inflammatory marker changes induced by hyperlipidemia in male rats. Methods: Forty-six normal male rats 
were randomly divided into three main groups: the control negative group, ten rats that received a standard diet and water. In the 
hyperlipidemic group, eighteen rats were fed a high cholesterol (atherogenic) diet (79% standard diet and 21% ghee fat) for seven 
weeks. The treatment group includes eighteen rats that received a high cholesterol (atherogenic) diet (79% standard diet and 21% ghee 
fat) for seven weeks and were then treated with rosuvastatin 10 mg/kg/day orally by gastric gavage for 4 weeks. Results: Rosuvastatin 
significantly decreased the proinflammatory markers (Interleukin-1, Interleukin-6, Tumor Necrosis Factor, and Cystatin C) and the 
pathological changes in the kidneys (p<0.005) compared with the hyperlipidemic group, while they were significantly increased in the 
hyperlipidemic group compared to the control group (p<0.005). However, rosuvastatin or hyperlipidemia did not significantly affect 
the body and the testicular weight. Conclusions: Rosuvastatin modulates the histopathological changes and decreases the 
proinflammatory cytokine levels in hyperlipidemic male rats. 
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 فرط شحمیات الدم  جرذانآثار روزوفاستاتین على العلامات النسیجیة المرضیة والالتھابیة لكلى ال
 الخلاصة
ني وتضییق الأوعیة الدمویة. یعُد فرط شحمیات الدم سبباً رئیسیاً لأمراض القلب والأوعیة الدمویة والوفیات على مستوى العالم، من خلال تحفیز الخلل الوظیفي البطا  :الخلفیة

لب الكبیبي نتیجة انخفاض تدفق الدم الكلوي. یتمتع  وتعُد الكلى أول عضو یتضرر من فرط شحمیات الدم، حیث یتسبب ذلك في تدمیر الشعیرات البطانیة وزیادة حدوث التص 
تقییم تأثیر روزوفاستاتین على   :الأھداف  .دواء روزوفاستاتین بتأثیر مضاد لفرط شحمیات الدم، كما یحُسن من وظیفة البطانة الوعائیة ویقلل من الالتھاب والإجھاد التأكسدي

تم تقسیم ستة وأربعین جرذاً ذكراً سلیماً بشكل عشوائي إلى ثلاث مجموعات   :الطرائق  .فرط شحمیات الدم في ذكور الجرذانالتغیرات النسجیة والواسمات الالتھابیة الناتجة عن  
جرذاً) تم تغذیتھا على نظام غذائي عالي الكولیسترول (تصلب   16مجموعة فرط شحمیات الدم (  .جرذان) تناولت الغذاء والماء القیاسیین10المجموعة السلبیة الضابطة (  :رئیسیة

جرذاً) تناولت نفس النظام الغذائي عالي الكولیسترول لمدة سبعة أسابیع، ثم   20مجموعة العلاج (  .% دھن السمن لمدة سبعة أسابیع21% غذاء قیاسي و79الشرایین) مكوّن من 
أدى روزوفاستاتین إلى انخفاض ملحوظ في الواسمات الالتھابیة   :النتائج  .ملغم/كغم یومیا)ً عن طریق أنبوب المعدة لمدة أربعة أسابیع  10تم معالجتھا بدواء روزوفاستاتین (

مؤشرات مرتفعة بشكل ملحوظ في مجموعة  مقارنة مع مجموعة فرط شحمیات الدم، في حین كانت ھذه ال (p<0.005) والتغیرات النسجیة المرضیة في الكلى عند مستوى معنویة
 :الاستنتاجات  .ومع ذلك، لم یلاُحظ أي تأثیر معنوي للروزوفاستاتین أو فرط شحمیات الدم على وزن الجسم أو وزن الخصیتین  فرط شحمیات الدم مقارنة مع المجموعة الضابطة.

  .أن روزوفاستاتین یساھم في تعدیل التغیرات النسجیة ویقلل من السیتوكینات الالتھابیة في الجرذان الذكور المصابة بفرط شحمیات الدم
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INTRODUCTION 

High-fat diets are becoming more popular in many 
countries, contributing to the increased incidence of 
chronic noncommunicable diseases (NCDs) such as 

hypertension, obesity, and chronic kidney disease 
(CKD), which account for 41 million annual deaths 
worldwide and 71% of total global fatalities [1]. Fats are 
estimated to represent 20 to 35% of total calorie intake, 
while they reach up to 50% in some countries [2]. The 
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type of dietary fat is a major risk factor, since saturated 
fat is more associated with positive lipid balance and the 
accumulation of visceral adipose tissue than other types 
of fat. Therefore, one of the global strategies to reduce 
mortality from NCD is to minimize the consumption of 
saturated fat [3]. The prevalence of hyperlipidemia, 
which encompasses elevated 
cholesterol and triglyceride levels and reduced high-
density lipoproteinemia, has risen continuously as 
lifestyles and dietary habits have changed. It is among 
the most prominent risk factors for cardiovascular 
disease and morbidity and is one of the leading causes 
of death worldwide due to changes in lipoprotein 
transport and metabolism, creating atherosclerosis and 
contributing to endothelial dysfunction in many vital 
organs, including the kidneys [4]. Changes in fat 
metabolism are associated with renal aging, which is 
marked by enhanced glomerulosclerosis, tubular 
degeneration, fibrosis of the interstitial space, and 
diminished kidney function. These changes can damage 
tubular and glomerular excretion and decrease renal 
blood flow, glomerular filtration, and ultrafiltration, 
which can lead to the buildup and development of 
atherosclerosis and stenosis of blood vessels, 
particularly in the heart, brain, kidneys, and eyes, as 
demonstrated in experimental studies [5]. In addition, 
the kidneys receive 22% of the cardiac output, which 
puts them at risk for endothelial capillary injury and 
kidney damage, as they are considered the first organ to 
suffer damage from aging and degenerative diseases [6]. 
Most research has centered on Moorhead's lipid 
nephrotoxicity theory [7]. Advocates of this theory 
argue that elevated lipid levels can trigger inflammation, 
ROS generation, and internal electrical stress. Evidence 
suggests that the buildup of lipids in the kidneys can 
alter the structure and function of mesangial cells, 
podocytes, and proximal tubule cells, collectively 
affecting nephron function [8]. Studies have shown an 
association between the disruption of lipid metabolism 
and the occurrence of kidney damage in mice fed a high-
fat diet [9, 10], as well as a significant association 
between the accumulation of renal lipids and the 
increase of pro-inflammatory cytokines like tumor 
necrosis factor alpha (TNF-α), interleukin-6 (IL-6), and 
interleukin 1 (IL-1) [11]. Furthermore, excessive 
accumulation of lipids in the kidneys can lead to the 
damage of the renal tubular cells [12], tubulointerstitial 
fibrosis [13], podocyte damage, mesangial sclerosis 
[14], and structural changes in the glomeruli [15,16]. 
Recently, more focus has been placed on managing 
dyslipidemia and repairing kidney changes, as 3-
hydroxy-3-methylglutaryl coenzyme A reductase 
inhibitors (HMG-CoA), enzymes that are involved in 
cholesterol synthesis, and statins are presently the most 
often prescribed medications for the primary and 
secondary prevention of cardiovascular disease in cases 
of dyslipidemia [17]. Beyond regulating lipid levels and 
hydrophilic properties, rosuvastatin has garnered 

increasing interest among medical scientists. Clinical 
and experimental studies have demonstrated that it 
exhibits various additional effects, including anti-
inflammatory, antiproliferative, and antithrombotic 
properties, reduction of NADPH oxidase-mediated 
superoxide production, and enhancement of endothelial 
vasomotor function. Data also shows potential 
protective effects on hepatic, skeletal, and renal tissues 
[18]. To our knowledge, there is no literature indicating 
that rosuvastatin can reduce and alleviate damage in 
kidney hyperlipidemia. Therefore, the aim of the present 
study is to investigate the protective impact of 
rosuvastatin on histopathological, inflammatory 
biomarker changes and kidney functions in 
hyperlipidemic rats. 

METHODS 

Animals 

Forty-six normal male Sprague-Dawley (SD) rats were 
used in this study. Their weights ranged between 110 
and 120 grams, and their ages spanned from five to six 
weeks. The rats were sourced from the animal house of 
the College of Pharmacy at Hawler Medical University. 
They were housed in polypropylene cages under a 12-
hour light/12-hour darkness cycle, with ad libitum 
access to food and water. 

Experimental design 

Forty-six animals were randomly allocated into three 
main groups; the control negative group consisted of 10 
animals  that received a standard diet and water 
throughout the experiment without any treatment. In the 
hyperlipidemic group, eighteen animals were fed by a 
high-cholesterol (atherogenic) diet (79% standard diet 
and 21% ghee fat) for seven weeks. The treatment 
group, eighteen animals, was fed by a high-cholesterol 
(atherogenic) diet (79% standard diet and 21% ghee fat) 
for seven weeks, then treated with rosuvastatin 10 
mg/kg/daily orally by gastric gavage for 4 weeks. 
Throughout the experimental period, the body weights 
of all rats were recorded weekly, and their clinical status 
was monitored daily. 

Blood samples 

5.0 ml of blood samples were collected via cardiac 
puncture after anesthetizing the rat by using ketamine 
and xylazine intraperitoneally at doses of 35 mg/kg and 
5.0 mg/kg BW. Then the blood centrifuged, and serum 
was used for the following serological tests: estimation 
of serum lipids and lipoproteins (total cholesterol, 
triglycerides TG, LDL-c, and HDL-c) by the Roche/ 
Hitachi Cobas 6000 analyzer series. Estimation of 
inflammatory markers by ELISA using Rat IL1 (Abcam 
kits, ab255730, USA), Rat TNF-alpha (Abcam kits, 
ab236712, USA 236712), Rat IL-6 (Abcam Kits, ab 
234570), and cystatin-C (Abcam kits, ab 202181). 
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Samples were processed manually and used the Biotek 
ELx50 automated washer machine, Biotek ELx800 
semi-automated reader Elisa machine. The standard 
curve was prepared by plotting the optical density of 
each calibrator with respect to the corresponding 
concentration values and used 4 parameters. Fit as the 
package insert of the kit recommended. The optical 
density (OD) of each calibrator, control, and sample (y-
axis) with respect to the corresponding concentration 
IU/mL (x-axis). 

Histopathologic score assessment 

At the end of the experiment, the animals were 
euthanized, and the kidneys were removed for 
measurement and histopathological examination. The 
samples were preserved overnight in 10% neutral 
buffered formalin for microscopy [19], followed by 
paraffin infiltration and embedding. The 4.0 µm sections 
from each region were put on  normal microscope slides 
(Fisher Scientific, PA). A light microscopic examination 
(Leica, Germany) of serial Hematoxylin and Eosin 
(H&E)-stained sections was performed. Histopathologic 
scoring assessment was conducted using AmScope TM 
software (China) under magnification (100 and 400 X). 
The frequency of observing the following renal 
histological abnormalities was measured: glomeruli and 
tubular dilation, tubular degeneration or necrosis, 
interstitial hemorrhage, and inflammatory reaction. 
Microscopic grading was carried out by calculating the 
proportion of morphologically abnormal areas relative 
to the total surface area of each renal structure. The 
following scoring system was used: score 0: no lesion, 
score 1: 1–25%, score 2: 26–50%, score 3: 51–75%, and 
score 4: ≥76% [20,21] with modification 
(supplementary data). 

Ethical approval 

The study protocol was approved by the Research Ethics 
Committee and Institutional Animal Care of the College 
of Medicine, Hawler Medical University, Kurdistan 
Region, Iraq, ID (HMU 9,11) ethical norms for animal 
experimentation. 

Statistical analysis 

The data from the results were presented as the 
mean±SEM. For the comparison of two variable 
measurements, unpaired t-tests were employed. For 
three variables, a one-way ANOVA was utilized. A 
significance level of p< 0.05 was considered statistically 
significant. All statistical analyses were conducted using 
GraphPad Instat Version 8.02 (GraphPad Software, San 
Diego, California, USA). 

RESULTS 

In Table 1, the rats in the hyperlipidemic group showed 
a significant increase (p< 0.001) in total cholesterol 
(97.53 ± 0.87 mg/dl), LDL (57.75 ± 1.61 mg/dl), and TG 

(102.52 ± 0.93 mg/dl) compared to the control negative 
group (53.59 ± 0.76 mg/dl, 19.57 ± 0.38 mg/dl, and 
44.13 ± 0.4470 mg/dl, respectively).  

Table 1: The differences in serum levels of total cholesterol, HDL-c, 
LDL-c, and triglycerides of controls and hyperlipidemic rats. 

Biomarker Control Hyperlipidemic 
group p-value 

Total cholesterol (mg/dL) 53.59±0.76 97.53±0.87 <0.001 
HDL-c (mg/dL) 24.88±0.37 18.16±0.24 <0.001 
LDL-c (mg/dL) 19.57±0.38 57.75±1.61 <0.001 
Triglycerides (mg/dL) 44.13±0.45 102.52±0.93 <0.001 
Values are presented as mean±SEM. Data evaluated using un-paired 
t-test at p<0.05.  

Additionally, there was a highly significant (p< 0.001) 
decrease in HDL (24.88 ± 0.37 mg/dl) compared to the 
hyperlipidemic group (18.16 ± 0.24 mg/dl). In the 
hyperlipidemic group, total cholesterol increased 
significantly (p< 0.001) to 97.53 ± 0.87 mg/dl, which 
was approximately 1.8 times higher than in the control 
group (53.59 ± 0.76 mg/dl). Similarly, LDL levels were 
nearly 3.0 times higher (57.75 ± 1.61 mg/dl vs. 19.57 ± 
0.38 mg/dl), and triglycerides were about 2.3 times 
higher (102.5 ± 0.93 mg/dl vs. 44.13 ± 0.45 mg/dl). In 
contrast, HDL levels significantly decreased (p< 0.001) 
in the hyperlipidemic group (18.16 ± 0.24 mg/dl), to 
approximately 0.73 times the level observed in the 
control group (24.88 ± 0.37 mg/dl). These findings 
indicate a strong statistical relationship between the 
hyperlipidemic condition and altered lipid parameters. 
The body weight in the hyperlipidemia group 
significantly increased (p< 0.001) compared to the 
control negative group. Rosuvastatin treatment 
decreased body weight compared to the hyperlipidemic 
group non-significantly (Figure 1A).  

 
Figure 1: Impact of rosuvastatin on A) Body weight, and B) Kidney’s 
weight in hyperlipidemic male rats. Values are shown as mean±SEM.  
*Significant difference (p<0.05). ns: not significant. 

Kidney weight was slightly increased in the 
hyperlipidemic group compared to the control negative 
group, and rosuvastatin treatment resulted in a decrease 
in kidney weight compared to the hyperlipidemic group 
non-significantly (Figure 1B). The results of the study 
showed a highly significant increase (p< 0.001) in all 
inflammatory markers (IL-1, TNF-α, IL-6 and cystatin-
C) in the hyperlipidemic group compared with the 
control group. In contrast, the group treated with 
rosuvastatin exhibited a significant decrease (p< 
0.001) in inflammatory markers in male rats when 
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compared to the hyperlipidemic male rats, as illustrated 
in (Figure 2).  

 
Figure 2: Impact of rosuvastatin on the inflammatory markers: A) IL1, 
B) TNF-α, C) IL6 and D) Cystatin C in hyperlipidemic male rats. 
Values are shown as mean±SEM. *Significant difference (p<0.05). ns: 
not significant.   

 Figure 3 shows the microscopic section of kidneys in 
different studied groups.  

 
Figure 3: The microscopic section of kidneys in different studied groups 
showed a and b) Intact histologic structures of glomeruli (G), and renal 
tubules with vasculature in G1. c-e) Moderate swelling of glomeruli and 
hemorrhage, severe hydropic degeneration of renal tubules in section (d), 
and marked necrosis with interstitial hemorrhage (yellow arrows) in section 
e with few inflammatory reaction  (blue arrows and inset: Note: 
inflammatory reaction  is shown by that neutrophil appeared as irregular 
dark basophilic cells, but if necrotized they should either become pyknotic, 
karyorrhexis or karyolysis) in G2. f-h) Mild swelling of glomeruli, 
moderate cellular swelling of renal tubules in G3. 

The tissue section of the kidney in the control group 
(G1) revealed normal cortex and medulla with intact 

glomeruli and renal tubules morphologic features with 
normal vasculature (Figure 3a and b),  in comparison to 
the hyperlipidemia  group, in which the kidney section 
showed moderate glomerular swelling with hemorrhage 
of glomerular tuft capillary, severe hydropic 
degeneration of proximal and distal convoluted tubules, 
and marked necrosis in some renal tubules that 
characterized by eosinophilic cytoplasm and pyknotic 
nuclear changes with interstitial hemorrhage and 
infiltration of few neutrophils (Figure 3c-e) compared to 
the treated group with rosuvastatin that showed 
attenuation of the pathological changes and revealed 
mild swelling of glomeruli, moderate cellular swelling 
of renal tubules in which had pale cytoplasm and narrow 
lumen (Figure 3f-h). Regarding the pathologic score, the 
peak was found in G2 vs. G3 (14 vs. 3), respectively, as 
shown in Table 2. 

DISCUSSION 

The current study discovered that feeding (atherogenic) 
a high-cholesterol diet to male rats for seven weeks 
resulted in hyperlipidemia, as demonstrated by 
significantly elevated levels of total cholesterol, LDL, 
and triglycerides (TG), with decreased levels of HDL 
compared with the control group. These results agree 
with studies achieved by Vinué et al. (2018), Kelle et 
al., and Sidorova et al. [25-27], which show that rats fed 
a high-cholesterol diet frequently have elevated levels of 
circulating low-density lipoproteins (LDL) and very 
low-density lipoproteins (VLDL), contributing to 
elevated plasma lipid levels. Also, the level of 
triglycerides increases as the liver converts extra 
cholesterol to triglycerides, which are subsequently 
bundled into VLDL particles and discharged into the 
bloodstream. Furthermore, the level of HDL reduces, 
and its function impairs, resulting in decreased capacity 
for cholesterol clearance, which further contributes to 
hyperlipidemia. In addition, a study by Schell et al. 
found that a high-cholesterol diet can induce insulin 
resistance, impairing the normal regulation of lipid 
metabolism [28]. This resistance decreases the ability of 
insulin to suppress lipolysis (fat breakdown), leading to 
increased levels of free fatty acids in the blood, which 
are then re-esterified into triglycerides in the liver. Such 
re-esterification can contribute to hepatic steatosis. 
Moreover, Tan and Norhaizan demonstrated that a high-
cholesterol diet can cause a chronic inflammatory state 
due to an increase in pro-inflammatory cytokine 
production [29]. A high-fat diet affects energy balance, 
leading to lipid accumulation in inappropriate locations 
and within cells, a phenomenon known as lipotoxicity 
[30,31]. Moreover, Ichimura et al. [32] found that an 
atherogenic diet reduces the expression of key liver 
genes involved in lipid metabolism, including the 
farnesoid X receptor (FXR), which regulates bile acid 
and cholesterol levels, and ABCG8, which aids in 
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cholesterol excretion into the bile. The decreased 
expression of these genes impairs the liver’s ability to 

manage cholesterol and fats, potentially leading to the 
development of fatty liver disease.  

Table 2: Impact of rosuvastatin on pathological scores on hyperlipidemic male rats.  

Abnormalities Control Hyperlipidemic 
rats Hyperlipidemic rats treated with rosuvastatin p-value 

Glomeruli Swelling 0.000 2.925±0.104 1.203±0.133 

0.001 
Glomerular hemorrhage 0.000 3.344±0.1528 0.507±0.1667 
Tubular degeneration/or necrosis 0.000 3.805±0.135 1.814±0.129 
Interstitial hemorrhage 0.000 2.711±0.14 0.218±0.131 
Inflammatory reaction 0.000 1.203 ± 0.128 0.116±0.097 

 
In this study, the result showed that feeding a high-
cholesterol (atherogenic) diet for seven weeks 
significantly increases body weight compared to the 
control group. The current finding was in tune with 
those reported by Bortolin et al., Choi et al., and Picklo 
et al. [33-35], which have demonstrated that high-fat 
diets alter the composition and permeability of the 
intestinal microbiota that contribute to increased 
endotoxemia, body adiposity, insulin resistance, 
steatosis, leptin production, and inflammation, all of 
which promote weight gain. These metabolic 
disturbances indicate that diet is a major contributor to 
the obesity epidemic. Rosuvastatin treatment found a 
decrease in body weight compared with the 
hyperlipidemic group, but the difference was not 
significant. This may be due to the short duration of 
administration (four weeks), during which the drug did 
not have a significant effect on total body weight. The 
slight weight increase suggests that rosuvastatin, as an 
HMG-CoA reductase inhibitor, affects cholesterol 
biosynthesis by catalyzing the conversion of HMG-CoA 
to mevalonate, a precursor in cholesterol synthesis. This 
leads to a compensatory increase in LDL receptors on 
hepatocytes, enhancing the uptake of LDL cholesterol 
from the bloodstream for degradation [17]. By reducing 
LDL cholesterol and triglycerides, improving insulin 
sensitivity, and exerting anti-inflammatory effects, 
rosuvastatin supports better overall metabolic health. 
These mechanisms collectively contribute to its role in 
weight management. This is supported by the study of 
Gaudette et al. (2015) [36], which found that statins 
decrease the risk of obesity—a major risk factor for type 
II diabetes, ischemic heart disease, ischemic stroke, 
hypertension, osteoarthritis, and several cancers. Our 
data observed a slight increase in kidney weight in the 
hyperlipidemic group compared to the control group, 
though the difference was not statistically significant. 
To the best of our knowledge, there are limited studies 
on the relationship between kidney weight and 
hyperlipidemia. However, this slight increase in kidney 
weight may be attributed to increased renal fat 
accumulation and inflammation. A similar result was 
reported by Wicks et al. (2016) [37], who explained that 
atherogenic diets lead to excessive lipid accumulation in 
the kidneys, resulting in glomerular damage, 
glomerulosclerosis, and tubulointerstitial injury, which 
can cause renal hypertrophy. This finding contrasts with 
the results of Watson et al. (2020) [24], who 

demonstrated a decrease in kidney weight in mice fed a 
high-fat diet, potentially due to chronic kidney injury 
caused by prolonged exposure to high cholesterol, 
leading to fibrosis and a reduction in functional renal 
mass. Rosuvastatin treatment resulted in a non-
significant increase in kidney weight; this also may be 
due to the short duration of administration (four weeks), 
during which the drug did not have a significant effect 
on kidney weight, and this slight increase in kidney 
weight is possibly due to the drug's role in reducing 
inflammation and lipid accumulation in the kidneys 
associated with hyperlipidemia and related 
inflammatory processes [17,18]. The current study 
discovered a significant rise in inflammatory markers 
(IL1, IL6, TNF-alpha, and cystatin-C) in the 
hyperlipidemic group versus the control group. This is 
in agreement with the results of Muller et al. (2019) [1], 
who observed a substantial correlation between 
increased levels of pro-inflammatory markers and fat 
accumulation, which is the major factor in mediating the 
harmful alterations in renal function. In the current 
study, rosuvastatin was found to significantly decrease 
these inflammatory markers, which is in agreement with 
Dicken et al. (2022) [38], who found that rosuvastatin 
decreased the inflammatory state and oxidative stress 
induced by renal mass reduction. This was demonstrated 
by reducing the kidney's DNA damage, phox 
flavocytochrome and p22phox expression, and NF-κB 
activity. However, Iacovelli et al. (2024) [39] found that 
rosuvastatin is a desirable target for the management of 
endothelial dysfunction in chronic kidney disease. Some 
pleiotropic benefits can be linked to a reduction in 
oxidative stress, cytokines, and adhesion molecules by 
improving flow-mediated dilation (FMD). On the other 
hand, Laufs and Isermann (2020) [40] found no 
evidence linking rosuvastatin to improved renal function 
[41]. Ramachandran et al. (2024) discovered that the 
rise in pro-inflammatory markers resulted from the 
stimulation of the NLRP3 inflammasome, a protein 
complex in immune cells triggered by different stress 
signals, such as high lipid levels [42]. After being 
switched on, this inflammasome stimulates the 
generation of IL-1, which then sparks the generation of 
other cytokines like IL-6 and TNF-α. The result of the 
study observed a significant increase in cystatin C levels 
in the hyperlipidemic rats, which is consistent with 
results reported in earlier studies involving mice and rats 
with hyperlipidemia [43,44]. Although cystatin C is 
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mainly known as a marker for kidney function, it also 
indicates the presence of inflammation. Increased levels 
of cystatin-C indicate kidney problems caused by 
tubulointerstitial fibrosis and glomerulosclerosis. 
Rosuvastatin treatment at 10 mg/kg per day for four 
weeks showed a significant reduction in inflammatory 
biomarkers. Along with its strong cholesterol-lowering 
abilities, the drug is recognized for its anti-inflammatory 
and antioxidant effects. The results are supported by the 
study of Hu et al. (2020) [45], which found rosuvastatin 
hinders the activation of NF-κB, an important 
transcription factor that controls the expression of 
different pro-inflammatory genes. Other studies done by 
Winzer et al. (2016) and Laufs and Isermann (2020) 
[46,41] reported that rosuvastatin enhances the activity 
of endothelial nitric oxide synthase (eNOS), resulting in 
elevated production of NO. NO can reduce 
inflammation and prevent inflammatory cells from 
sticking to the vascular endothelium. In our results, we 
observed that the mechanisms of enhanced kidney injury 
in the hyperlipidemic group are probably associated 
with both glomerular and vascular injury, which is 
represented by glomerulomegaly, which leads to 
glomerular hyperfiltration/hyperperfusion and causes 
proteinuria and hematuria. Our findings revealed 
increased injury in the kidney's corpuscle, tubules, and 
interstitial tissue. This is consistent with the histological 
evidence of severe tubular damage [47]. Significant 
hemorrhage and congestion were observed in the 
glomeruli and interstitial tissue in the current 
investigation. A related study demonstrated that the 
renal vascular bed in hyperlipidemic mice responded 
more favorably to norepinephrine, vasopressin, 
serotonin, and angiotensin II [48]. Undoubtedly, a 
number of these mediators, particularly the renin-
angiotensin system, have been demonstrated to be 
crucial in the renal changes that result in edema, which 
is consistent with the current finding [49]. Our 
explanation is based on the fact that rosuvastatin 
attenuated renal damage and decreased the lesion score 
by raising antioxidant levels. This was accompanied by 
a drop in serum nitrite/nitrate, a downregulation of renal 
SOD, and a reduction in glutathione activity, all of 
which were indicative of high oxidative stress and 
impaired antioxidant defenses, as demonstrated by 
earlier research [19]. Since previous research has shown 
that a lack of NO results in excessive ROS generation, 
ongoing oxidative stress, and decreased renal 
antioxidant defense by inhibiting antioxidant enzymes 
[9,30]. Our findings imply that inflammation plays a 
significant role in renal damage in this paradigm by 
linking leukocyte infiltration and elevated production of 
many proinflammatory cytokines to hyperlipidemia-
induced kidney injury. Moreover, rosuvastatin 
significantly reduced leukocyte infiltration, kidney 
damage, and cytokine expression levels. The renal 
inflammatory response and the significant vascular and 

glomerular damage brought on by hyperlipidemia are 
visible, according to the earlier study [41]. 

Conclusion 

The current study demonstrated that rosuvastatin treatment 
modulates the impact of hyperlipidemia on the kidneys of male 
rats, resulting in a decrease of the proinflammatory markers 
(IL-1, IL-6, cystatin-C, and TNF-α) and reduced pathological 
changes of the kidney, such as glomeruli swelling, glomerular 
hemorrhage, tubular degeneration/or necrosis, interstitial 
hemorrhage, and inflammatory reaction. 

Conflict of interests 

The authors declared no conflict of interest. 

Funding source 

The authors did not receive any source of funds. 

Data sharing statement 

Supplementary data can be provided by the corresponding 
author based on reasonable request. 

REFERENCE 

1. Muller CR, Leite APO, Yokota R, Pereira RO, Americo ALV, 
Nascimento NR, et al. Post-weaning exposure to high-fat diet 
induces kidney lipid accumulation and function impairment in 
adult rats. Front Nutr. 2019;6:60. doi: 10.3389/fnut.2019.00060.  

2. Bajželj B, Laguzzi F, Röös E. The role of fats in the transition to 
sustainable diets. Lancet Planet Health. 2021;5(9):e644-e653. 
doi: 10.1016/S2542-5196(21)00194-7.  

3. Aranceta J, Pérez-Rodrigo C. Recommended dietary reference 
intakes, nutritional goals and dietary guidelines for fat and fatty 
acids: a systematic review. Br J Nutr. 2012;107(S2): S8-S22. doi: 
10.1017/S0007114512001210.  

4. Salim HM, Kurnia LF, Bintarti TW. The effects of high-fat diet on 
histological changes of kidneys in rats. Biomol Health Sci J. 
2018;1(2):109-112. doi: 10.1016/j.bhsj.2018.07.003. 

5. Wang Y, Jin M, Cheng CK, Li Q. Tubular injury in diabetic 
kidney disease: molecular mechanisms and potential therapeutic 
perspectives. Front Endocrinol (Lausanne). 2023;14:1238927. 
doi: 10.3389/fendo.2023.1238927.  

6. Baaten CC, Vondenhoff S, Noels H. Endothelial cell dysfunction 
and increased cardiovascular risk in patients with chronic kidney 
disease. Circ Res. 2023;132(8):970-992. doi: 
10.1161/CIRCRESAHA.123.321752.  

7. Moorhead JF, El-Nahas M, Chan MK, Varghese Z. Lipid 
nephrotoxicity in chronic progressive glomerular and 
tubulo-interstitial disease. Lancet. 1982;320(8311):1309-1311. 
doi: 10.1016/S0140-6736(82)91513-6.  

8. De Vries AP, Ruggenenti P, Ruan XZ, Praga M, Cruzado JM, 
Bajema IM, et al. Fatty kidney: emerging role of ectopic lipid in 
obesity-related renal disease. Lancet Diabetes Endocrinol. 
2014;2(5):417-426. doi: 10.1016/S2213-8587(14)70065-8.  

9. Liang X, Ye M, Tao M, Zheng D, Cai R, Zhu Y, et al. The 
association between dyslipidemia and the incidence of chronic 
kidney disease in the general Zhejiang population: a retrospective 
study. BMC Nephrol. 2020;21(1):252. doi: 
10.1186/s12882-020-01969-5.  

10. Muller CR, Américo ALV, Fiorino P, Evangelista FS. Aerobic 
exercise training prevents kidney lipid deposition in mice fed a 
cafeteria diet. Life Sci. 2018;211:140-146. doi: 
10.1016/j.lfs.2018.08.012.  

11. Martins AR, Más S. Lipotoxicity and kidney. Port J Nephrol 
Hypert. 2015;29(4):306-315. doi: 
10.1097/NHN.0000000000000041.  



Maaruf et al                                                                                                Rosuvastatin nephrotoxicity in hyperlipidemic rat 

57 

12. Nosadini R, Tonolo G. Role of oxidized low density lipoproteins 
and free fatty acids in the pathogenesis of glomerulopathy and 
tubulointerstitial lesions in type 2 diabetes. Nutr Metab 
Cardiovasc Dis. 2011;21(2):79-85. doi: 
10.1016/j.numecd.2010.02.008.  

13. Takabatake Y, Yamamoto T, Isaka Y. Stagnation of autophagy: A 
novel mechanism of renal lipotoxicity. Autophagy. 
2017;13(4):775-776. doi: 10.1080/15548627.2017.1285147.  

14. Abrass CK. Cellular lipid metabolism and the role of lipids in 
progressive renal disease. Am J Nephrol. 2004;24:46-53. doi: 
10.1159/000080268.  

15. Keane WF. The role of lipids in renal disease: Future challenges. 
Kidney Int Suppl. 2000;57:S27-31. doi: 
10.1046/j.1523-1755.2001.057suppl_57s27.x.  

16. Zhou Y, Lin S, Zhang L, Li Y. Resveratrol prevents renal 
lipotoxicity in high-fat diet-treated mouse model through 
regulating PPAR-α pathway. Mol Cell Biochem. 
2016;411:143-150. doi: 10.1007/s11010-015-2534-7.  

17. Hussain A, Kaler J, Ray SD. The Benefits outweigh the risks of 
treating hypercholesterolemia: The statin dilemma. Cureus. 
2023;15(1):e33648. doi: 10.7759/cureus.33648.  

18. Ma Y, Su Q, Yue C, Zou H, Zhu J, Zhao H, et al. The effect of 
oxidative stress-induced autophagy by cadmium exposure in 
kidney, liver, and bone damage, and neurotoxicity. Int J Mol Sci. 
2022;23(21):13491. doi: 10.3390/ijms232113491.  

19. Hassan N, El-Bassossy HM, Zakaria MNM. Heme oxygenase-1 
induction protects against hypertension associated with diabetes: 
effect on exaggerated vascular contractility. Naunyn 
Schmiedebergs Arch Pharmacol. 2013;386:217-226. doi: 
10.1007/s00210-013-0855-8.  

20. Haruhara K, Tsuboi N, Koike K, Fukui A, Miyazaki Y, 
Kawamura T, et al. Renal histopathological findings in relation to 
ambulatory blood pressure in chronic kidney disease patients. 
Hypertens Res. 2015;38(2):116-122. doi: 10.1038/hr.2014.161. 

21. Thanh TN, Van PD, Cong TD, Le Minh T, Vu QHN. Assessment 
of testis histopathological changes and spermatogenesis in male 
mice exposed to chronic scrotal heat stress. J Anim Behav 
Biometeorol. 2020;8(3):174–180. doi: 10.31893/jabb.20023.  

22. Vinué Á, Herrero-Cervera A, González-Navarro H. 
Understanding the impact of dietary cholesterol on chronic 
metabolic diseases through studies in rodent models. Nutrients. 
2018;10(7):939. doi: 10.3390/nu10070939. 

23. Kelle BP, Ćesić AK, Čustović S, Ćosović E, Lagumdžija D, 
Jordamović N, et al. Improvement of a diet-induced model of 
hyperlipidemia in Wistar rats: Assessment of biochemical 
parameters, the thickness of the abdominal aorta and liver 
histology. J King Saud Univ Sci. 2024;36(2):103068. doi: 
10.1016/j.jksus.2023.103068. 

24. Sidorova YS, Petrov NA, Markova YM, Kolobanov AI, Zorin SN. 
The Influence of a High-Cholesterol Diet and Forced Training on 
Lipid Metabolism and Intestinal Microbiota in Male Wistar Rats. 
Int J Mol Sci. 2024;25(10):5383. doi: 10.3390/ijms25105383. 

25. Schell M, Chudoba C, Leboucher A, Alfine E, Flore T, Ritter K, 
et al. Interplay of dietary fatty acids and cholesterol impacts brain 
mitochondria and insulin action. Nutrients. 2020;12(5):1518. doi: 
10.3390/nu12051518. 

26. Tan BL, Norhaizan ME. Effect of high-fat diets on oxidative 
stress, cellular inflammatory response and cognitive function. 
Nutrients. 2019;11(11):2579. doi: 10.3390/nu11112579. 

27. Oosterman JE, Foppen E, van der Spek R, Fliers E, Kalsbeek A, 
la Fleur SE. Timing of fat and liquid sugar intake alters substrate 
oxidation and food efficiency in male Wistar rats. Chronobiol Int. 
2015;32(2):289–298. doi: 10.3109/07420528.2014.979622. 

28. Guebre-Egziabher F, Alix PM, Koppe L, Pelletier CC, 
Kalbacher E, Fouque D, et al. Ectopic lipid accumulation: A 
potential cause for metabolic disturbances and a contributor to the 
alteration of kidney function. Biochimie. 2013;95(11):1971–1979. 
doi: 10.1016/j.biochi.2013.04.022. 

29. Ichimura M, Kawase M, Masuzumi M, Sakaki M, Nagata Y, 
Tanaka K, et al. High-fat and high-cholesterol diet rapidly induces 
non-alcoholic steatohepatitis with advanced fibrosis in Sprague–
Dawley rats. Hepatol Res. 2015;45(4):458–469. doi: 
10.1111/hepr.12317. 

30. Bortolin RC, Vargas AR, Gasparotto J, Chaves PR, Schnorr CE, 
Martinello KB, et al. A new animal diet based on human Western 
diet is a robust diet-induced obesity model: comparison to high-fat 
and cafeteria diets in term of metabolic and gut microbiota 
disruption. Int J Obes (Lond). 2018;42(3):525–534. doi: 
10.1038/ijo.2017.227. 

31. Choi Y, Jang S, Choi MS, Ryoo ZY, Park T. Increased expression 
of FGF1-mediated signaling molecules in adipose tissue of obese 
mice. J Physiol Biochem. 2016;72:157–167. doi: 10.1007/s13105-
016-0494-3. 

32. Picklo MJ Sr, Idso J, Seeger DR, Aukema HM, Murphy EJ. 
Comparative effects of high oleic acid vs high mixed saturated 
fatty acid obesogenic diets upon PUFA metabolism in mice. 
Prostaglandins Leukot Essent Fatty Acids. 2017;119:25–37. doi: 
10.1016/j.plefa.2017.01.006. 

33. Gaudette É, Goldman DP, Messali A, Sood N. Do statins reduce 
the health and health care costs of obesity? Pharmacoeconomics. 
2015;33:723–734. doi: 10.1007/s40273-015-0280-2. 

34. Wicks SE, Nguyen TT, Breaux C, Kruger C, Stadler K. 
Diet-induced obesity and kidney disease – in search of a 
susceptible mouse model. Biochimie. 2016;124:65–73. doi: 
10.1016/j.biochi.2016.01.012. 

35. Dicken W, Mehta A, Karagiannis A, Jain V, Vavuranakis M, 
Sperling L, et al. Statin associated muscle symptoms: An update 
and review. Prog Cardiovasc Dis. 2022;75:40–48. doi: 
10.1016/j.pcad.2022.05.007. 

36. Maheshwari RA, Sailor GU, Patel L, Balaraman R. Amelioration 
of cisplatin-induced nephrotoxicity by statins. Indian J 
Pharmacol. 2013;45(4):354–358. doi: 10.4103/0253-
7613.120620. 

37. Iacovelli JJ, Alpenglow JK, Ratchford SM, Craig JC, 
Simmons JM, Zhao J, et al. Statin administration improves 
vascular function in heart failure with preserved ejection fraction. 
J Appl Physiol (1985). 2024;136(4):877–888. doi: 
10.1152/japplphysiol.00614.2023. 

38. Laufs U, Isermann B. Statin intolerance: myths and facts. Eur 
Heart J. 2020;41(35):3343–3345. doi:10.1093/eurheartj/ehaa693. 

39.  Ramachandran R, Manan A, Kim J, Choi S. NLRP3 
inflammasome: a key player in the pathogenesis of life-style 
disorders. Exp Mol Med. 2024;56(7):1488–1500. doi: 
10.1038/s12276-024-00730-5. 

40. Hong CG, Florida E, Li H, Parel PM, Mehta NN, Sorokin AV. 
Oxidized low-density lipoprotein associates with cardiovascular 
disease by a vicious cycle of atherosclerosis and inflammation: a 
systematic review and meta-analysis. Front Cardiovasc Med. 
2023;9:1023651. doi:10.3389/fcvm.2022.1023651 

41. Xie X, Yi W, Zhang P, Wu N, Yan Q, Yang H, et al. Green tea 
polyphenols, mimicking the effects of dietary restriction, 
ameliorate high-fat diet-induced kidney injury via regulating 
autophagy flux. Nutrients. 2017;9(5):497. doi: 
10.3390/nu9050497. 

42. Hu Y, Wang X, Ye L, Li C, Chen W, Cheng H. Rosuvastatin 
alleviates intestinal injury by down-regulating the CD40 pathway 
in the intestines of rats following traumatic brain injury. Front 
Neurol. 2020;11:816. doi: 10.3389/fneur.2020.00816. 

43. Winzer EB, Gaida P, Höllriegel R, Fischer T, Linke A, Schuler G, 
et al. Impact of Rosuvastatin Treatment on HDL-Induced PKC-βII 
and eNOS Phosphorylation in Endothelial Cells and Its Relation 
to Flow-Mediated Dilatation in Patients with Chronic Heart 
Failure. Cardiol Res Pract. 2016;2016:4826102. doi: 
10.1155/2016/4826102. 

44. Lim AI, Tang SC, Lai KN, Leung JC. Kidney injury molecule-1: 
More than just an injury marker of tubular epithelial cells? J Cell 
Physiol. 2013;228(5):917–924. doi: 10.1002/jcp.24254. 

45. Hammad FT, Lubbad L. The effect of aliskiren on the renal 
dysfunction following unilateral ureteral obstruction in the rat. Int 
J Physiol Pathophysiol Pharmacol. 2016;8(2):70-77. PMID: 
27570581.  

46. Zhou Y, Lin S, Zhang L, Li Y. Resveratrol prevents renal 

lipotoxicity in high-fat diet-treated mouse model through 

regulating PPAR-α pathway. Mol Cell Biochem. 2016;411:143–

150. doi:10.1007/s11010-015-2534-7. 


