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Abstract

Purpose To determine whether perirenal fat is associated

with increased urinary albumin excretion and whether

perirenal fat affects renal vascular endothelial function in

obese rats.

Methods Wistar rats were randomly divided into normal

and obesity group, which were fed with normal and high-

fat diet, respectively. Blood and urine samples were col-

lected. Endothelial function of the aorta was determined by

measuring endothelium-dependent vasodilatation. Renal

tissues were collected for CD34 immunohistochemistry

and free fatty acids (FFA) measurement. Levels of glo-

merular nitric oxide (NO) and reactive oxygen species

(ROS) were measured.

Results After 24 weeks, plasma FFA, high-sensitivity

C-reactive protein, and malondialdehyde levels were ele-

vated and were significantly higher in renal venous blood

than in jugular venous blood in obese rats. Urinary albu-

min/creatinine ratio, glomerular CD34 expression, glo-

merular ROS level, and renal cortex FFA levels were

higher in obese rats. Endothelial dysfunction was more

severe in the infra-renal aorta than in the thoracic aorta in

obese rats. Plasma adiponectin and glomerular NO levels

were lower in obese rats.

Conclusion Perirenal fat is associated with increased

urinary albumin excretion in obese rats. The mechanism

may be renal vascular endothelial dysfunction caused by

increased oxidative stress and activation of inflammatory

molecular pathways due to elevated FFA and low adipo-

nectin levels.

Keywords Obesity � Perirenal fat � Free fatty acids �
Microalbuminuria

Introduction

Obesity is a nutritional disorder that has emerged as a

major health care challenge in the world [1, 2]. Recently,

attention has been paid to the impact of excess weight and

obesity on renal disease [3, 4]. The relationship between

obesity and proteinuria was first reported in 1974 [5], and

subsequent studies confirmed renal disease as an isolated

complication of obesity [6]. Although high glucose, high

blood pressure, and renal hemodynamic changes may lead

to kidney damage in the obese state, the mechanisms of

obesity-related renal disease have not yet been fully elu-

cidated. Further evidence suggests that the distribution of

body fat is more closely associated with kidney damage

than obesity itself, with abdominal fat accumulation clo-

sely related to increased urinary albumin excretion and

leading to obesity-related renal damage [7, 8]. Perirenal fat,

as part of abdominal visceral fat, is thought to have a closer

relationship to renal damage than other visceral fat deposits

[9], because it surrounds the kidney directly, seeps into the

renal sinus, and compresses the renal vessels. In our pre-

vious study, we found that perirenal fat was thicker in
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obese patients with microalbuminuria than in obese

patients without microalbuminuria. Perirenal fat thickness

may be an independent predictor of early kidney damage in

obese patients [8].

Microalbuminuria was originally thought to indicate

early renal damage. More recently, it has been convinc-

ingly shown that microalbuminuria is also an independent

risk factor for cardiovascular morbidity and mortality. The

common link between microalbuminuria and cardiovascu-

lar disease is vascular endothelial dysfunction. Thus, we

speculate that in the obese state, renal vascular endothelial

cell dysfunction, which in turn affects vascular hemody-

namics, may lead to chronic kidney damage. Our previous

study found that the interlobar arterial resistance index

value could be a useful tool to assess early renal damage in

obese patients [10], because the interlobar arteries are

adjacent to the renal cortex, wrapped in perirenal fat, and

the resistance index can detect subtle changes in renal

hemodynamic status.

This conclusion and the specific mechanisms involved

need further validation in animal experiments. Therefore,

the aims of this study were to test whether perirenal fat is

associated with increased urinary albumin excretion in

obese rats and whether perirenal fat affects renal vascular

endothelial function and, if so, to investigate the potential

mechanisms involved.

Materials and methods

Experimental animals

Eight-week-old male Wistar rats (specific pathogen-free

quality) were purchased from the Experimental Animal

Center of the Weifang Medical University (Weifang,

China). The study was approved by the local ethical

committee for animal studies and conducted following the

‘‘Principles of laboratory animal care’’. Twenty rats were

randomly divided into a normal control (NC) group and an

obesity (OB) group. The NC group was fed a regular diet

(11.71 % fat, 65.06 % carbohydrate, 23.23 % protein, and

330 kcal/100 g), and the OB group was fed a high-fat diet

(50.10 % fat, mainly saturated; 33.60 % carbohydrate;

16.30 % protein; and 493 kcal/100 g) [11]. The rats were

housed under standard laboratory conditions. Body weight

and food intake were monitored weekly.

Study protocol

Urine was collected from each rat in an individual metabolic

cage for measurement of the urine albumin/creatinine ratio

(ACR). The rats were then anesthetized with an intraperi-

toneal injection of sodium pentobarbital (60 mg/kg). The

intact thoracic aorta and infra-renal aorta were immediately

dissected and immersed in Krebs–Henseleit bicarbonate

buffer (K–H solution) for measurement of endothelial

function. Jugular and renal venous blood samples were col-

lected. Abdominal visceral fat (including perirenal fat) was

harvested and weighed. Portions of the left kidney were

collected for morphological observation and renal free fatty

acid (FFA) measurements. The cortical tissue of the kidney

was cut into small pieces, and the isolated glomeruli were

collected by the sieving technique. Isolated glomeruli were

collected by the mechanical graded sieving technique (a

series of screens of 80 mesh, 120 mesh and 200 mesh). The

suspension of glomeruli was then used for nitric oxide (NO)

and reactive oxygen species (ROS) assays.

Evaluation of endothelial function

Aortic vascular reactivity was determined as described pre-

viously [12, 13]. The thoracic aorta and infra-renal aorta

were immersed in ice-cold oxygenated K–H solution (95 %

oxygen and 5 % carbon dioxide) at 37 �C. After equilibra-

tion for 60 min, aortic rings 3 mm in length from the two

groups were challenged with norepinephrine (1 lM) to

induce vasoconstriction. Once a stable contraction was

achieved, acetylcholine (Ach, 10-8 to 10-4 M) or sodium

nitroprusside (SNP, 10-8 to 10-4 M) was added to the organ

bath to detect endothelium-dependent vasodilatation (EDV)

or endothelium-independent vasodilatation (EIV) responses.

A data acquisition system (PowerLab, AD Instruments,

Dunedin, New Zealand) was used to record force changes.

Plasma measurements

Plasma glucose was measured by the glucose oxidase

method. Plasma FFA, triglycerides (TG), and malondial-

dehyde (MDA) concentrations were determined by color-

imetric assays. Plasma high-sensitivity C-reactive protein

(hs-CRP) and adiponectin levels were measured using

commercially available ELISA kits (USCN Life Sciences

and Technology, Wuhan, China). Serum creatinine con-

centrations were measured by the Jaffe method.

Measurement of urinary albumin excretion

Urinary albumin was measured by radioimmunoassay

(Beijing North Institute of Biological Technology, Beijing,

China), and urinary creatinine was measured by the Jaffe

method.

FFA measurements in renal cortex

The samples of renal cortex were cut into small pieces, and

a solution (100 ll) of 20 mM EDTA/2 mM NaCl/50 mM
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sodium phosphate buffer, pH 7.4, was added to 100 mg of

kidney tissue. Next, 10 ll of homogenate was mixed with

10 ll of tert-butyl alcohol and 5 ll of Triton X-100/methyl

alcohol mixture (1:1 vol/vol) for lipid extraction. Renal

FFA levels were measured by the enzymatic method [13].

Histology and immunohistochemistry

The renal tissues were fixed in 10 % formalin and stained

with hematoxylin and eosin (HE). Formalin-fixed tissues

were sectioned and used for CD34 (endothelial cell mar-

ker) immunohistochemistry. After restoring antigen

retrieval, the sections were incubated with the CD34 anti-

body (Beijing Zhongshan Biotechnology Co., Ltd., Beijing,

China) and then with the second antibody. The sections

were then counterstained with hematoxylin and examined

by light microscopy. A total of 12 fields per animal (three

samples 9 four fields) were analyzed using Image-Pro

Plus 6.0 software.

Measurements of NO and ROS in the isolated glomeruli

NO and ROS levels in the glomeruli were measured by the

Griess and 2,7-dichlorodihydrofluorescein diacetate

(DCFH-DA) methods, respectively, as described previ-

ously [14, 15]. For NO determination, the tissues were

homogenized in PBS and centrifuged at 10,000g for

20 min. The resulting supernatant solutions were used to

measure NO levels by colorimetric assay, according to the

manufacturer’s instructions (Beyotime Biotechnology,

Beijing, China). For ROS determination, isolated glomeruli

were incubated in RPMI-1640 containing 0.5 mM DCFH-

DA (excitation 490 nm and emission 530 nm) for 60 min.

The mean fluorescence intensity of the isolated glomeruli

was analyzed by a fluorescence microplate reader.

Results

Biometric and blood parameters of rats in the two

groups

After 24 weeks, the rats in the obesity group exhibited

increased body weight, visceral fat, perirenal fat, visceral

fat index (visceral fat/body weight), and perirenal fat index

(perirenal fat/body weight) compared with rats in the

control group (Table 1). No significant difference was

found in blood pressure between the two groups (NC,

119.5 ± 12.5 mmHg; OB, 123.4 ± 23.2 mmHg;

P [ 0.05). Plasma TG, FFA, hs-CRP, and MDA levels

were elevated, and plasma adiponectin levels were reduced

in the obesity group compared with the control group

(P \ 0.05). There were no differences in plasma glucose or

total cholesterol between the two groups (P [ 0.05;

Table 2). To determine whether there were significant

differences between peripheral blood and renal blood, we

measured the FFA, hs-CRP, and MDA levels in jugular and

renal venous blood. We found significantly higher serum

FFA, hs-CRP, and MDA levels in renal venous blood than

in jugular venous blood (Table 3).

Kidney parameters of rats in the two groups

Urine ACR and renal cortex FFA contents in the obese

group were almost fourfold and threefold higher, respec-

tively, than in the control group. The rats in the obesity

group had a higher kidney weight index value (kidney

weight/body weight 9 1,000) than rats in the control group

(Table 4).

Endothelial function of rats in the studied groups

Ach-induced EDV in both the thoracic aorta and infra-renal

aorta was attenuated in the obesity group compared with

the control group. There was a significant difference

between the thoracic aorta and the infra-renal aorta in

obese rats, with more severe endothelial dysfunction in the

infra-renal aorta than in the thoracic aorta. No significant

difference was found between these sections in the control

group (Fig. 1). SNP-induced EIV was not impaired in the

obese rats (data not shown).

Histology and immunohistochemistry

Morphological observation of kidney tissues from obese

rats revealed glomerular hypertrophy, increased interstitial

inflammatory cells, and Bowman’s capsular expansion.

Glomerular volume increased by 56.2 % in obese rats

Table 1 Biometric parameters of rats in the two groups (n = 10)

Group Weight (g) Visceral fat (g) Perirenal fat (g) Visceral fat/weight (10-3) Perirenal fat/weight (10-3)

NC 516.2 ± 32.5 14.08 ± 1.77 5.22 ± 0.87 27.20 ± 2.28 10.11 ± 1.61

OB 702.6 ± 57.7* 52.57 ± 7.45* 31.21 ± 3.93* 74.70 ± 6.70* 44.40 ± 3.87*

Data are shown as mean ± SD

* P \ 0.01 versus NC group
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compared with the control rats (19.27 ± 4.87 vs.

12.34 ± 3.04 lm3, P \ 0.01). CD34 expression in the

glomeruli was also enhanced in obese rats, indicating

increased proliferation of glomerular endothelial cells

[mean optical density (IOD/area): 0.136 ± 0.014 vs.

0.081 ± 0.008, P \ 0.05] (Fig. 2).

ROS and NO levels in the glomeruli

Compared with the control group, the obese rats had high

ROS production and low NO levels in the glomeruli

(Fig. 3).

Correlation analysis

Pearson analysis showed that ACR had a positive corre-

lation with perirenal fat (r = 0.755, P \ 0.01), plasma

FFA levels (r = 0.716, P \ 0.01), and renal cortex FFA

levels (r = 0.729, P \ 0.01). ACR had a negative corre-

lation with adiponectin (r = -0.706, P \ 0.01).

Discussion

In this study, we demonstrated that perirenal fat is related

to increased urinary albumin excretion in obese rats. The

mechanism by which perirenal fat affects urinary albumin

may be related to renal vascular endothelial dysfunction

caused by increased oxidative stress and activation of

inflammatory molecular pathways due to elevated FFA and

low adiponectin levels.

The relationship between obesity and proteinuria has

been described in many studies [3, 5]. In our study, ACR

was significantly higher in the obesity group rats than in

control group rats. Morphological examination showed

enlarged glomeruli and Bowman’s capsular expansion in

obese rats, indicating that the most prominent morpho-

logical change was glomerulomegaly [6]. These findings

further indicate that obesity is related to early renal

damage. However, there is evidence that visceral fat,

especially perirenal fat, is more closely related to renal

Table 2 Blood parameters of rats in the two groups (n = 10)

Group TG (mmol/L) TC (mmol/L) Glucose (mmol/L) Adiponectin (lg/L)

NC 0.55 ± 0.19 1.69 ± 0.32 5.75 ± 0.41 234.2 ± 35.5

OB 1.42 ± 0.49* 1.73 ± 0.35 6.01 ± 0.67 99.8 ± 22.14*

Data are shown as mean ± SD

TG, triglyceride; TC, total cholesterol

* P \ 0.01 versus NC group

Table 3 FFA, hs-CRP, and MDA levels in the two groups (n = 10)

Group FFAs

(mmol/L)

hs-CRP

(mg/L)

MDA

(lmol/L)

NC (jugular

venous)

0.34 ± 0.09 0.89 ± 0.29 1.92 ± 0.31

OB (jugular

venous)

1.11 ± 0.26* 1.74 ± 0.34* 4.21 ± 0.41*

NC (renal venous) 0.33 ± 0.08 0.91 ± 0.28 1.95 ± 0.34

OB (renal venous) 1.53 ± 0.25*# 2.21 ± 0.36*# 4.83 ± 0.38*#

Data are shown as mean ± SD

FFAs, free fatty acids; hs-CRP, high-sensitivity C-reactive protein;

MDA, malondialdehyde

* P \ 0.01 versus NC group
# P \ 0.01 versus jugular venous group

Table 4 Urinary albumin/creatinine and kidney parameters of rats in

the two groups (n = 10)

Group Urinary albumin/

creatinine (mg/g)

Kidney weight

index (10-3)

Renal cortex

FFAs (lmol/g)

NC 15.65 ± 5.33 4.93 ± 0.24 41.42 ± 7.96

OB 61.68 ± 18.90* 5.84 ± 0.23* 117.92 ± 18.79*

Data are shown as mean ± SD

* P \ 0.01 versus NC group

Fig. 1 Vasorelaxation response of thoracic aorta and renal aorta to

Ach in the studied groups. Data are shown as mean ± SD. *P \ 0.01

versus NC group. #P \ 0.01 versus thoracic aorta
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damage than obesity itself [8, 16, 17]. In our study, we

found that abdominal adiposity was obvious in obese rats

and that the visceral fat/perirenal fat index was higher in

these rats than in control rats. Correlation analysis showed

that ACR had a positive correlation with perirenal fat

mass. Taken together, these findings suggest that perirenal

fat is strongly related to increased urinary albumin

excretion and may be a good predictor of early kidney

damage in obese subjects.

Microalbuminuria is associated with generalized endo-

thelial dysfunction, which is usually seen in obese subjects.

In our study, Ach-induced EDV was attenuated in both the

thoracic aorta and the infra-renal aorta in obese rats.

Endothelial dysfunction was more severe in the infra-renal

aorta than in the thoracic aorta. EDV in the aorta could be a

marker of endothelial function in the large vessels, to some

extent. We also evaluated endothelial cell proliferation and

glomerular NO level as markers of glomerular endothelial

cells. CD34 expression in the glomeruli was enhanced and

NO level was lower in obese rats, indicating greater pro-

liferation of glomerular endothelial cells in these animals.

These findings all suggest that endothelial dysfunction of

both large and small vessels are associated with early

kidney damage in obese subjects.

Fig. 2 Histological features and CD34 expressions of kidney in the

studied groups (magnifications: 9 400). HE staining in the NC group

(a) and the OB group (b). Brown color indicates CD34 staining as a

marker of endothelial cell in the NC group (c) and the OB group (d).

Blue color indicates counterstaining for nucleus with hematoxylin

Fig. 3 Production of ROS

(a) and NO (b) in glomeruli in

the studied groups
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Several mechanisms may explain the associations

among perirenal fat, endothelial dysfunction, and micro-

albuminuria in obese rats. First, perirenal fat wraps the

kidney, seeps into the renal sinus, and compresses the renal

vessels by developing at sites of mechanical pressure,

leading to reduced renal blood flow and kidney disease [8].

In addition, excessive FFA released from perirenal fat

increase renal FFA intake and lead to renal lipotoxicity by

both endocrine and paracrine pathways. In our study, we

found that both plasma FFA and renal FFA levels were

higher in the obesity group than in the control group.

Further study showed that serum FFA levels in renal

venous blood were significantly higher than in jugular

venous blood. Correlation analysis showed that FFA levels

had a positive correlation with ACR. Third, previous

studies have shown that high FFA levels and chronic

inflammation can cause endothelial dysfunction by

increasing oxidative stress, which can enhance oxidation of

tetrahydrobiopterin, leading to L-arginine producing

superoxide rather than NO by eNOS uncoupling [13]. In

our study, we found high ROS production in the glomeruli

of obese rats. Serum hs-CRP and MDA levels were also

elevated in the obesity group compared with the control

group. Serum hs-CRP and MDA levels in renal venous

blood were significantly higher than in jugular venous

blood.

Adiponectin is a key regulator of albuminuria, and a

negative correlation has been found between adiponectin

and microalbuminuria in obese subjects [18–20]. Adipo-

nectin may play an important role in preventing the

development of lipotoxicity in insulin-sensitive organs

such as the kidneys [21]. Low adiponectin level seems to

be linked to increase in inflammation and oxidative stress

[22]. Low plasma adiponectin level was also seen in the

obesity group, and correlation analysis showed that

adiponectin had a negative correlation with ACR in this

study.

In summary, we have shown that urinary albumin

excretion was higher in obese rats than in normal rats.

Perirenal fat is related to increased urinary albumin

excretion in obese rats. The mechanism for this association

may be renal vascular endothelial dysfunction caused by

increased oxidative stress and activation of inflammatory

molecular pathways due to elevated FFA and low adipo-

nectin levels.
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