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ABSTRACT
The objective of this study was to determine the 
relationship between renal injury and inflammatory 
response induced by high- fat diet in rabbits and the 
interventional effect of allisartan. Fifteen 6- week- old 
healthy male rabbits were randomly divided into 
three groups: normal control (NC) group, high- lipid 
diet (HLD) group, high- lipid diet and allisartan 
(HLD+ALST) group. After allisartan treatment for 12 
weeks, changes in total cholesterol (TC), triglycerides 
(TG), high- density lipoprotein cholesterol (HDL- C), 
low- density lipoprotein cholesterol (LDL- C), serum 
creatinine (Scr) and blood urea nitrogen (BUN) were 
measured enzymatically in the three groups. The 
left side of the kidney tissue was kept for paraffin 
section, and HE staining, periodic acid- Schiff (PAS) 
staining and Masson staining were used to observe 
the renal pathologic changes. TC, TG, LDL- C, Scr 
and BUN levels were all higher and HDL- C levels 
were lower in the HLD group compared with the 
NC group. Compared with the HLD group, Scr 
and BUN levels were significantly decreased in 
the HLD+ALST group. The results of HE staining 
showed that allisartan improved the changes of 
renal tissue morphology in rabbits on high- fat diet, 
reduced glomerular mesangial cell proliferation and 
improved glomerulosclerosis; PAS staining showed 
that glomerular glycogen deposition was reduced 
and glomerular red staining was significantly lighter; 
Masson staining showed that renal tubular blue- 
stained collagen fibers were reduced. In conclusion, 
hyperlipidemia can lead to aberrant expression 
of multiple cellular proteins and kidney tissue 
morphological damage in rabbits. On the other hand, 
allisartan attenuated renal injury and the mechanism 
may be related to the downregulation of the 
inflammatory response.

INTRODUCTION
Hyperlipidemia is a clinical disease that mani-
fests itself when the body’s serum total choles-
terol (TC) or triglycerides (TG) are too high 
or the high- density lipoprotein cholesterol 
(HDL- C) is too low.1 2 In recent years, the inci-
dence of hyperlipidemia caused by high- sugar 
and high- fat diet in China has been increasing 
year by year, and the overall prevalence of 
dyslipidemia among adults in China has reached 
40.4%.3 Due to the insidious, progressive and 
systemic characteristics of hyperlipidemia, it is 

often overlooked, which in turn leads to disor-
ders of lipid metabolism and eventually induces 
the occurrence of diseases.4 5 Previous studies 
reported about the relationship between kidney 
disease and lipid deposition.6 7 The ‘lipid neph-
rotoxicity hypothesis’ proposed by Moorhead 
et al demonstrated that hyperlipidemia is a risk 
factor for the progression of glomerulosclerosis 
with structural changes in renal tissue cells.8 
Since then, scholars have found that glomer-
ulosclerosis and atherosclerosis share similar 
pathologic changes and pathophysiologic mech-
anisms.9 The kidney is another important target 
organ that suffers from hyperlipidemia besides 
cardiovascular and cerebrovascular.

Although most animal and clinical studies 
support the ‘lipid nephrotoxicity hypothesis’, 
there also exists some evidence that hyperlipid-
emia does not have a significant effect on kidney 
function. For example, the Watanabe hereditary 
hyperlipidemic rabbit model has hyperlipidemia 
but no kidney damage.10 Renal damage rarely 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ Hyperlipidemia is a risk factor for the 
progression of glomerulosclerosis with 
structural changes in renal tissue cells.

 ⇒ The kidney is another important target 
organ that suffers from hyperlipidemia 
besides cardiovascular and cerebrovascular.

WHAT THIS STUDY ADDS
 ⇒ We found that high- fat diet caused 
renal tissue damage and upregulated 
inflammatory factors in rabbits, and the 
intervention of allisartan improved renal 
histologic morphology, alleviated damage 
and downregulated inflammatory factor 
levels in rabbits, indicating that allisartan 
may alleviate hyperlipidemia- induced renal 
injury by reducing inflammatory response.

HOW THIS STUDY MIGHT AFFECT 
RESEARCH, PRACTICE OR POLICY

 ⇒ The protective effect of allisartan on 
hyperlipidemia- induced renal injury may be 
dependent on the control of inflammation.

 ⇒ Our study provides clue for specific 
mechanism of action of allisartan in the 
inflammatory response pathway and 
determine if the same effect is present in 
clinical cases.
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occurs in patients with primary familial hyperlipidemia, 
except for obese patients.11 The current view in the main-
stream has expanded on the doctrine of lipid nephrotox-
icity as the joint involvement of inflammatory factors and 
lipids in the progression of kidney disease.12 13 Therefore, 
treatments that can reduce the inflammatory response to 
nephrotoxicity may become available.

Allisartan is a new domestic angiotensin II receptor 
blocker (ARB) that has been widely used in renal disease 
and has been shown to have renoprotective effects indepen-
dent of antihypertensive properties, but the specific mecha-
nism is unclear.14 In addition, recent studies have found that 
ARB drugs have anti- atherosclerotic effects by attenuating 
the inflammatory response.15 16 Owing to the multiple phar-
macologic effects and targets of ARB drugs, attention has 
been paid to their protective effects on a variety of organs. 
However, it is still unclear how ARB drugs alleviate lipid 
kidney injury.

In this study, we found that high- fat diet caused renal 
tissue damage and upregulated inflammatory factors in 
rabbits, and the intervention of allisartan improved renal 
histologic morphology, alleviated damage and downregu-
lated inflammatory factor levels in rabbits, indicating that 
allisartan may alleviate hyperlipidemia- induced renal injury 
by reducing inflammatory response.

MATERIALS AND METHODS
Animals
Fifteen normal grade male New Zealand white rabbits (4 
months old, weighing 2~3 kg) were purchased from Hebei 
Medical University. The animals were housed in the Animal 
Experiment Center of Hebei Medical University (ambient 
temperature 24°C±2°C, humidity 50%–70%, alternating 
light and dark for 12 hours each. The rabbits have free 
access to water and feed during feeding. The environ-
mental facilities of the feeding environment conformed 
to the Grade II standard of the Standard for Laboratory 
Animals of the Ministry of Health of the People’s Republic 
of China). Feed: Common rabbit pellet feed was purchased 
from Hebei Medical University; high- fat feed was purchased 
from Beijing Keao Cooperative Feed. Formula: 1% choles-
terol+6% peanut oil+93% basal feed. After allisartan treat-
ment for 12 weeks, the rabbits were sacrificed for testing.

Allisartan treatment
Allisartan was ground into powder with a grinding rod, 
then 0.9% saline was added to dissolve it and diluted into 
8 mg/mL allisartan solution. The animals were randomly 
divided into three groups after 1 week of adaptive feeding: 
normal control group (NC group), high- fat diet group 
(HLD group), high- fat diet and allisartan intervention 

Figure 1 Comparison of serum lipids in the three groups. (A) Total cholesterol (TC) in the three groups. (B) Triglycerides (TG) in the three 
groups. (C) High- density lipoprotein cholesterol (HDL- C) in the three groups. (D) Low- density lipoprotein cholesterol (LDL- C) in the three 
groups. Week 0 indicates before treatment with allisartan, while week 12 indicates allisartan treatment for 12 weeks. HLD, high- fat diet 
group; HLD+ALST, high- fat diet and allisartan intervention group; NC, normal control group. **p<0.01; ****p<0.0001.
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group (HLD+ALST group). The NC group was fed with 
normal rabbit pellet diet; the HLD and HLD+ALST groups 
were fed with high- fat diet (150 g of high- fat diet per rabbit 
per day, supplemented with regular feed). The HLD+ALST 
group was given allisartan 40 mg/kg by gavage once daily in 
the morning on an empty stomach for 12 weeks, while the 
NC and HLD groups were given the same volume of saline 
by gavage. Week 0 indicates pretreatment, while week 12 
indicates completion of treatment.

Blood tests
At week 0 and week 12, 2 mL of specimen of rabbit’s 
blood was collected for enzymatic determination of total 
cholesterol (TC), triglycerides (TG), high- density lipo-
protein cholesterol (HDL- C) and low- density lipoprotein 
cholesterol (LDL- C). The blood specimens were rested at 

room temperature for 1 hour, and the serum was separated 
by centrifugation at 3000 rpm for 10 min. Serum creati-
nine (Cr) level and blood urea nitrogen (BUN) level were 
measured. The serum interleukin- 6 (IL- 6) and interleu-
kin- 1β (IL- 1β) levels were detected by ELISA.

Renal pathologic examination
The left kidney was taken from the rabbits after being sacri-
ficed, fixed in 4% formalin, rinsed, dehydrated, routinely 
paraffin embedded, sectioned (5 µm), and stained by HE 
staining (HE),17 periodic acid- Schiff stain (PAS)18 and 
Masson.19 Pathologic changes were then observed under 
light microscopy.

Figure 2 Changes in food intake and body mass in the three groups. (A) Food intake before allisartan treatment. (B) Body mass in the 
three groups. Week 0 indicates before treatment with allisartan, week 12 indicates allisartan treatment for 12 weeks. HLD, high- fat diet 
group, HLD+ALST, high- fat diet and allisartan intervention group; NC, normal control group. *p<0.05.

Figure 3 Comparison of (A) Scr and (B) BUN levels in the three groups. Week 0 indicates before treatment with allisartan, while week 
12 indicates allisartan treatment for 12 weeks. BUN, blood urea nitrogen; HLD, high- fat diet group, HLD+ALST, high- fat diet and allisartan 
intervention group; NC, normal control group; Scr, serum creatinine. *p<0.05; **p<0.01; *** p<0.001.
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Immunohistochemistry
Briefly,20 kidney tissue sections were dewaxed for antigen 
repair, then primary antibodies of α-smooth muscle actin 
(α-SMA) and desmin were incubated overnight for 4 days, 
secondary antibodies were incubated after phosphate 
buffer saline washing, diaminobenzine color, hematoxylin 
re- staining and then dehydrated, transparent and sealed for 
observation.

Statistics
All data were statistically processed with the SPSS V.21.0 
software. Measurement data were expressed as mean±SD 
if normally distributed, and one- way analysis of variance 
was used for comparison between groups; χ2 test was used 
for comparison between groups. p<0.05 was statistically 
significant.

RESULTS
Rabbit model of hyperlipidemia
To examine whether we have constructed rabbit model of 
hyperlipidemia successfully, we tested serum lipids in the 
NC, HLD and HLD+ALST groups. We observed a signif-
icant increase of TC, TG and LDL- C in the HLD group, 
while HDL- C, which promotes cholesterol metabolism, was 
decreased in the HLD group (figure 1A–D).

Moreover, no significant change was observed in food 
intake and body mass (figure 2A,B). These results suggest 
that we constructed the hyperlipidemia model successfully.

Allisartan improved the renal function of the rabbit
We therefore tested Scr and BUN, which may reflect the 
renal function. Compared with the NC group, both Scr and 
BUN in the HLD group increased, indicating that hyperlip-
idemia impaired the renal function of the rabbit. By treat-
ment with allisartan, Scr and BUN were decreased in the 
HLD+ALST group compared with the HLD group, indi-
cating that allisartan protects the renal system from being 
damaged (figure 3A,B).

Allisartan ameliorates the histopathologic morphology 
of rabbit’s kidney
To perform the morphologic changes in the kidney, we 
employed HE staining. We found that the structure and 
morphology of the kidney tissue in the NC group were 
basically normal, and no obvious pathologic changes 
were observed, while in the HLD group, the glomerular 
mesangial cells were significantly proliferated, stromal 
cells were increased, and with apparent glomerulosclerosis. 
Meanwhile, the nuclei size were reduced and with inflam-
matory cell infiltration. Compared with the HLD group, the 
pathologic changes of the renal tissue in the HLD+ALST 
group were significantly reduced.

PAS staining showed a small amount of glycogen deposi-
tion in the glomeruli of the NC group, and a large amount 
of glycogen deposition in the glomerular mesangial cells 
was observed in the HLD group. Compared with the HLD 

Figure 4 HE, periodic acid- Schiff (PAS) and Masson staining of the rabbit kidney tissues from the three groups (×400). HLD, high- fat diet 
group; HLD+ALST, high- fat diet and allisartan intervention group; NC, normal control group.
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group, the renal histopathologic changes were significantly 
reduced in the HLD+ALST group (figure 4).

Masson staining showed that a small amount of blue- 
stained collagen fibers were visible in the renal tubules of 
the NC group, while diffuse blue staining was visible in the 
renal tubules of the HLD group, and the content of collagen 
fibers was significantly elevated. In comparison with the 
HLD group, the blue- stained collagen fibers in the tubules 
of the HLD+ALST group were clearly decreased (figure 4).

Desmin is a typical cytoskeletal protein, which is 
normally expressed negatively or in small amounts in 
renal podocytes, and is one of the early markers of podo-
cyte injury. Desmin was mainly expressed in the glomer-
ular cytosol and plasma, with a brownish- yellow granular 
expression, and a small amount was seen in the NC group. 
A large number of desmin- staining positive cells were 
observed in the glomeruli of the HLD group, and desmin- 
staining positive cells were reduced in the HLD+ALST 

group compared with the HLD group. Quantitative data 
analysis showed that the rate of desmin was obviously 
decreased in the HLD+ALST group compared with the 
HLD group (figure 5).

α-SMA is an important marker of the degree of inter-
stitial fibrosis and the progression of renal disease, and a 
significant increase in its expression level indicates signifi-
cant impairment of the renal function. α-SMA was mainly 
expressed in the plasma, with brownish- yellow granular 
expression. A small amount of α-SMA expression was seen 
in the NC group, and a large number of α-SMA- staining 
positive cells were seen in the glomeruli of the HLD 
group. α-SMA staining positive cells were reduced in the 
HLD+ALST group compared with the HLD group. Quan-
titative data revealed a significant decrease in the rate of 
α-SMA positivity in the HLD+ALST group compared with 
the HLD group (figure 5).

Figure 5 Immunohistochemical staining of desmin and α-smooth muscle actin expression in the kidney tissues of each group (×400). 
HLD, high- fat diet group; HLD+ALST, high- fat diet and allisartan intervention group; NC, normal control group. *p<0.05; **p<0.01.
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Allisartan alleviates inflammatory response
To determine the inflammation in rabbit, we tested serum 
IL- 6 and IL- 1β of the NC, HLD and HLD+ALST groups. 
The results demonstrated that IL- 6 and IL- 1β were signifi-
cantly higher in the HLD group compared with the NC 
group, while in the HLD +ALST group treated with allis-
artan, IL- 6 and IL- 1β were both significantly decreased in 
comparison with the HLD group (figure 6).

DISCUSSION
Hyperlipidemia is a series of clinical syndromes caused 
by high blood lipid levels in patients.21 Many studies have 
now shown that hyperlipidemia can lead to changes in 
glomerular structure and function and is an independent 
risk factor for progression to end- stage renal disease.22 Clin-
ical studies have found that serum levels of free fatty acids 
such as palmitic acid are elevated in patients with hyperlip-
idemia, which in turn causes inflammation and oxidative 
stress, leading to renal fibrosis and renal cell apoptosis.23 
In addition, the glomerular filtration rate of patients with 
early hyperlipidemia decreases gradually with renal injury 
and loss of renal units.24 In this study, we found that TC, 
TG, LDL- C, Scr and BUN levels were higher in the HLD 
group compared with the NC group after high- fat diet. HE 
staining results showed that glomerular mesangial cells and 
endothelial cells in the HLD group were significantly prolif-
erated, and stromal cells were increased, showing obvious 
glomerulosclerosis. Meanwhile, the nuclei were reduced 
to varying degrees and inflammatory cells infiltrated. PAS 
staining and Masson staining showed massive glycogen 
deposition and collagen fibers in glomerular mesangial 
cells. All the results suggest that we successfully constructed 
a rabbit model of lipid kidney injury by high- fat diet.

The renin- angiotensin system plays an important role in 
maintaining blood pressure, water- electrolyte balance, and 

other physiologic processes.25 26 Allisartan is a new gener-
ation of Ang II type 1 receptor (AT1R) antagonist inde-
pendently developed in China, which can effectively inhibit 
the vasoconstrictive effect of Ang II by binding to AT1R 
on vascular smooth muscle and reduce peripheral vascular 
resistance. Several studies have demonstrated its efficacy 
in the treatment of essential hypertension,27 cardiac left 
ventricular hypertrophy,28 and angina pectoris,14 without 
aggravating the burden of the liver. In addition, allisartan 
also acts on the kidney to dilate the small efferent arteries, 
reduce glomerular pressure, and improve the degree of 
basement membrane lesions, thus achieving renal protec-
tion and delaying renal function damage.14 28 29 The results 
of our study showed that Scr and BUN levels were signifi-
cantly decreased and glomerular mesangial cell prolifera-
tion was reduced in the HLD+ALST group compared with 
the HLD group. Immunohistochemical staining showed 
that the positive staining for α-SMA and desmin protein 
was diminished in the HLD+ALST group compared with 
the HLD group, and the protein positivity rate decreased. 
Furthermore, both inflammatory factors IL- 6 and IL- 1β 
showed a significant decrease. This suggests that the protec-
tive effect of allisartan on hyperlipidemia- induced renal 
injury may be dependent on the control of inflammation. 
Next, we will focus on the specific mechanism of action of 
allisartan in the inflammatory response pathway and deter-
mine if the same effect is present in clinical cases.

There are some limitations in this study. The sample size 
of this study was small and the experimental time was short. 
More samples and longer experimental time are needed to 
study the intervention effect of allisartan on renal injury 
caused by long- term hyperlipidemia. Allisartan is an Ang II 
receptor antagonist with antihypertensive effects, but the 
blood pressure and blood glucose levels of the rabbits were 
not measured during the experiment, and all the results of 

Figure 6 Comparison of IL- 6 and IL- 1β in the three groups after allisartan treatment for 12 weeks. HLD, high- fat diet group; HLD+ALST, 
high- fat diet and allisartan intervention group; IL- 1β, interleukin- 1β; IL- 6, interleukin- 6; NC, normal control group. *p<0.05; **p<0.01; 
***p<0.001.
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the study cannot yet exclude the influence of blood pres-
sure and blood glucose levels on lipid kidney injury, while 
the current experimental data are in support of the conclu-
sion that allisartan alleviates kidney injury without blood 
pressure and blood glucose levels. Moreover, the present 
experiment illustrates the protective effect of allisartan on 
lipid kidney injury, but the exact mechanism is not clear and 
needs further study.

In summary, our study concluded that renal injury was 
obvious and inflammation levels were elevated in the 
high- fat diet group of rabbits, and that allisartan may have 
a protective effect on the renal function by downregu-
lating inflammatory factors and reducing the expression of 
α-SMA and desmin to attenuate the renal injury caused by 
hyperlipidemia.
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