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A B S T R A C T

Background: The increased influx of free fatty acids (FFAs) into the kidney is a risk factor for diabetes
nephropathy (DN). In the present study we investigated the effects of astragaloside IV (AS-IV) on FFA-
induced lipid accumulation, oxidative stress, and activation of TGF-β1 signaling in human glomerular
mesangial cells (HMCs).
Methods: A DN model was induced in Sprague Dawley rats by the administration of a high-fat diet and
streptozocin, and HMCs were stimulated with palmitate. Lipid accumulation and FFA uptake were
detected using Oil Red O and BODIPYTM FL C16 staining, respectively. The expression levels of TGF-β1,
p-Smad2/3, FN, Col4 A1, NOX4, p22phox, and CD36 were evaluated by western blotting or
immunofluorescence/immunohistochemistry. The level of reactive oxygen species (ROS) was detected
using 20,70-dichlorofluorescein diacetate and dihydroethidium.
Results: Exposure to palmitate induced marked lipid accumulation in HMCs, whereas co-treatment
with AS-IV significantly attenuated this phenomenon. Moreover, AS-IV suppressed palmitate-induced
expression of TGF-β1, p-Smad2/3, FN, Col4 A1, NOX4, and p22phox, in addition to ROS production.
Notably, AS-IV reduced the palmitate-induced expression of CD36 in HMCs and DN rats. Treatment of
HMCs with the CD36 inhibitor, sulfo-N-succinimidyl oleate (SSO), significantly attenuated FFA uptake,
oxidative stress, and fibrosis. Nevertheless, the combined use of SSO and AS-IV did not enhance the
efficacy.
Conclusion: AS-IV inhibited palmitate-induced HMCs oxidative stress and fibrosis via the downregulation
of CD36 expression, mediating FFA uptake and lipid accumulation.

© 2019 Institute of Pharmacology, Polish Academy of Sciences. Published by Elsevier B.V. All rights
reserved.
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Introduction

Diabetic nephropathy (DN) remains the major global cause of
end-stage renal disease (ESRD) [1,2]. DN is characterised by
ultrastructural alterations in glomeruli, which are mainly caused
by augmented deposition of extracellular matrix (ECM) proteins
such as fibronectin (FN) and collagen IV (Col IV). These alterations
are attributed to the abnormal stimulation of glomerular
mesangial cell (MC), which induces increased secretion of trans-
forming growth factor β1 (TGF-β1). Subsequently, TGF-β1 binds to
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the transmembrane type II TGF-receptor (TRII) and upregulates FN
and Col IV expression. Oxidative stress plays an important role
during this pathophysiological process. Increasing evidence
suggests that oxidative stress is associated with multiple molecu-
lar events in DN [3] due to metabolic changes [4,5]. Certain studies
have implicated oxidative stress in ultrastructural alterations in
glomeruli; excessive reactive oxygen species (ROS), the product of
oxidative stress, have been shown to affect TGF-β1 signaling and
accelerate deposition of ECM [6].

Nicotinamide adenine dinucleotide phosphate (NADPH) oxi-
dase, one of the main sources of ROS in MC, consists of two
membrane-associated subunits, p22phox and gp91phox [7,8],
which constitute its catalytic core. However, NOX4 is the most
abundant NOX isoform in the renal system and is highly expressed
 Elsevier B.V. All rights reserved.
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in MC. Moreover, NOX4derived ROS is the major contributor to
renal morphological changes and functional abnormalities in DN
[3,6,9,10], and inhibition of NOX4 protects mesangial expansion in
DN [10].

In addition to hyperglycemia, increased plasma free fatty acids
(FFAs) are detected in type 2 diabetes (T2DM) and have been
further identified as a risk factor [11,12]. However, recent studies
have shown that excessive FFAs are associated with DN [13] by
triggering endoplasmic reticulum stress, which leads to podocyte
apoptosis [14,15]. Stimulation of HMCs with FFAs has been shown
to result in the upregulation of TGF-β1 and FN expression in vitro
[16]. Moreover, FFAs are a potent inducer of ROS in a number of cell
types including renal tubular epithelial cell [11,17]. The patho-
physiological changes caused by FFAs are closely related to its
absorption. CD36 is one of the major transporters of FFAs uptake.
Previous research suggests that FFAs-induced cell damage may
depend on CD36-mediated FFAs uptake [11]. We speculated that
FFAs may play an important role in the induction of oxidative stress
and fibrosis in HMCs, and the mechanism may be related to CD36
expression and function.

Astragaloside IV (AS-IV, 3-O-β-D-xylopyranosyl-6-O-β-D-gluco-
pyranosyl- cycloastragenol), a purified small saponin, is extracted
from Radix Astragali, and is one of its major active substances with
comprehensive biological properties, including antioxidant, anti-
inflammatory, and immunomodulatory efficacies [7,18]. Our
previous studies have confirmed the protective effects of AS-IV
on HG-induced HMCs oxidative stress [7]. Recently, it has been
proven that AS-IV protects hepatocytes from the endoplasmic
reticulum stress and lipid accumulation caused by FFAs [19].

Despite previous study showing that FFA promotes HMCs
fibrosis, the underlying mechanism remains unclear. We speculat-
ed that it may be related to increased CD36-mediated FFA uptake,
leading to oxidative stress and fibrosis. In the present study, we
further investigated the effect and underlying mechanism of AS-IV
on FFA-mediated HMCs injury to define whether CD36 is
implicated in the renoprotective effect of AS-IV in palmitate-
treated HMCs and high-fat diet and streptozocin-induced DN rats.

Materials and methods

Reagents

Both 20,70-dichlorofluorescein diacetate (DCFH-DA) and dihy-
droethidium (DHE) were obtained from Beyotime Biotechnology
(Shanghai, China). Astragaloside IV (AS-IV) was purchased from
Nanjing Zelang Medical Technology Co., Ltd. (Nanjing, China;
purity > 98%, HPLC). Primary p-Smad2 (S465 + S467) and p-Smad3
(S423 + S425) antibody was obtained from Wanleibio Co., Ltd.
(Shenyang, China). The TGF-β1 antibody was purchased from
Abcam (Cambridge, UK) and the NOX-4, P22, and Col4 A1
antibodies from Bioworld Co., Ltd. (Louis Park, USA), and the
CD36 antibody from Bioss Co., Ltd (Beijing, China). FN was bought
from Immunoway (Plano, USA), and the β-actin antibody from
Zhongshan Golden Bridge Biotechnology Co., Ltd. (Beijing, China).
FFA-free bovine serum albumin (BSA) was obtained from Yesen Co.,
Ltd (Shanghai, China). PA and sulfo-N-succinimidyl oleate (SSO)
were purchased from Sigma (St. Louis, MO, USA), and BODIPYTM FL
C16 from Thermo Fisher Scientific (Rockford, IL, USA).

Animals and DN model establishment

Male Sprague-Dawley rats (200 � 20 g) were purchased from
the Shandong Animal Centre (Shandong, China). The present study
was approved by the Institutional Ethics Committee of our
University (No. LLCC20180177) and carried out in accordance with
the National Institutes of Health guidelines. After one week of
adaptive feeding, the rats were randomly divided into two groups:
the Control group (standard diet, n = 6) and the HFD group (high-
fat diet). The Control group received a standard diet and the HFD
group were fed a high-fat diet consisting of 8% lard, 10% yolk
powder, 18% sucrose, and 0.5% sodium cholate (Xietong Co., Ltd,
Jiansu, China) for 6 weeks [20]. Subsequently, diabetes was
induced by intraperitoneal injection of streptozocin (35 mg/kg,
Sigma) in the HFD group, and the Control group received an equal
volume of saline. Rats with randomly assessed blood sugar levels
greater than 16.7 mmol/L were considered diabetic and were
selected for participation in the study 72 h later. These HFD-fed rats
were divided into four groups: the DN group and the AS��IV (20,
40, and 80 mg/kg/d, intragastric administration) treatment groups
(n = 8). All animals were humanely sacrificed two months later.
Serum samples were collected for biochemical analysis. The left
kidneys were stored at -80 �C for western blotting, and the right
kidneys were embedded in paraffin for immunohistochemical
analysis.

Palmitate-BSA preparation

Palmitate (PA) was prepared according to the published method
[15,21]. Briefly, sodium palmitate (27 mM) was dissolved in
distilled water (DW) at 70 �C for 30 min. BSA (30%) was also
dissolved in DW at 55 �C for 30 min. Subsequently, the dissolved PA
solution was added dropwise to the BSA solution and stored as a
stock (13.5 mM) at 4 �C until use. The molar ratio of PA to BSA was
maintained at 6:1 [22].

HMCs culture and treatment

HMCs were obtained from the Modern Analysis and Testing
Centre of Central South University (Changsha, China) and
maintained in DMEM (5.6 mM glucose) supplemented with 10%
FBS, 100 mg/mL penicillin, and 100 mg/mL streptomycin at 37 �C in
an atmosphere containing 5% CO2. PA treatment was performed by
culturing the cells in DMEM containing 200 mM PA for 24 h. The
control for PA was DMEM containing 0.2% BSA. To investigate the
protective effects of AS-IV, cells stimulated with PA were treated
with AS-IV (20, 40, 80 mM) and/or SSO (250 mM).

Western blotting

Western blotting was performed as described in our previous
study [23]. Briefly, the cells or tissues were lysed with cold lysis
buffer containing both protease (PMSF) and phosphatase inhib-
itors. Equal amounts of protein extracts were separated by
SDSPAGE and transferred to PVDF membranes. Following blocking
in 5% skim milk, the membranes were incubated overnight at 4 �C
with the appropriate primary antibodies (TGF-β1, NOX4, p-Samd2/
3, p22phox, FN, Col4 A1, and CD36 at 1:500, and β-actin at 1:2000).
The following day, membranes were rinsed three times with TBST
and incubated with the respective secondary antibodies (1:10,000)
for 1 h at room temperature. The protein bands were captured
using a Bioshine ChemiQ 4600 Min. Chemiluminescence imaging
system (Ouxiang Co., Ltd, Beijing, China). The optical density of
each band was quantitated using the ImageJ software and
normalised to the intensity of β-actin.

Measurement of intracellular ROS generation

The generation of intracellular ROS was measured using the
membrane-permeable indicators, DCFH-DA and DHE. Cells were
seeded in 24-well plates at a density of 1 �105 cells/well. Following
stimulation with PA, cells were loaded with DCFH-DA or DHE (10 m
M) in serumfree DMEM at 37 �C for 30 min in the dark. Subsequently,
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the intracellular ROS content was observed using a fluorescence
microscope (BX-51, Olympus Co., Ltd. Japan). The mean fluorescence
intensity for each group of cells was determined using the Image-Pro
Plus 6.0 analysis system.

Immunofluorescence staining

HMCs cultured on 24well plates were washed three times with
PBS and fixed with 4% paraformaldehyde for 10 min. Subsequently,
cells were permeabilised with 0.5% Triton X-100 for 30 min,
followed by blocking with 5% BSA for a further 60 min. Incubation
with primary antibodies against FN (1:200) or CD36 (1:50) was
performed overnight at 4 �C, followed by incubation with the
respective secondary antibodies. Cells were then washed and
stained with Hoechst 33,258 for 5 min.
Fig. 1. AS-IV suppresses PA-induced FN and Col4 A1 expression in HMCs. (A) FN expre
intensity analysis of FN expression. (C) FN and Col4 A1 expression levels were detected b
Data are expressed as the mean � SD of three independent experiments. *p < 0.05, **p
Measurement of FFA uptake

The BODIPYTM lipid probe was used to measure FFA uptake.
HMCs cultured on 24-well plates were incubated with BODIPYTM

FL C16 (2.5 mM) dissolved in serum-free DMEM at 37 �C for 10 min,
followed by observation under a fluorescence microscope.

Statistical analysis

Data were analysed using GraphPad Prism 6 and are presented
as the mean � standard deviation (SD). Statistical analysis was
performed using one-way analysis of variance (ANOVA) followed
by Tukey's test to compare differences among groups or a t-test to
compare differences between two groups. A p value < 0.05 is
considered statistically significant.
ssion was detected by immunofluorescence (400�, bar = 20 mm). (B) Fluorescence
y western blotting. (D) and (E) Densitometric analysis of FN and Col4 A1 expression.

 < 0.01 as compared with BSA; #p < 0.05 ##p < 0.01 as compared with PA.
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Results

AS-IV inhibits PA-induced HMCs fibrosis

HMCs were exposed to PA (200 mM) for 24 h to induce fibrosis,
and the treatment groups were co-administered AS��IV at various
concentrations, and the expression of FN was subsequently
detected by immunofluorescence. The results show that FN
expression increased significantly following stimulation with PA;
however, administration of ASIV at a concentration of 20–80 mM
led to significant inhibition of FN expression (Fig. 1A and B).
Expression levels of FN and Col4 A1 (alpha-1 chain of COL4) were
determined by western blotting. It can be seen that AS��IV
inhibited PA-mediated upregulation of FN and Col4 A1 expression
(Fig. 1C and D). Furthermore, we examined the expression levels of
TGF-β1 and p-Smad2/3, which were found to be elevated following
exposure to PA; however, ASIV inhibited the activation of the
TGF-β1/Smad2/3 pathway (Fig. 2).

AS-IV suppresses PA-induced HMCs oxidative stress

We examined the effects of AS-IV on PA-induced intracellular
ROS generation using DCFH-DA and DHE fluorescent probes. As
demonstrated in Fig. 3, HMCs stimulated with PA for 24 h showed a
significant increase in ROS generation as compared with those
stimulated with BSA. Moreover, administration of 20–80 mM ASIV
markedly decreased ROS generation (Fig. 3A–D). Subsequently, we
evaluated the effect of ASIV on NOX4 and p22phox expression
levels, which were found to be significantly upregulated by PA
stimulation; however, treatment with 20–80 mM ASIV markedly
downregulated expression (Fig. 3E–G).

AS-IV attenuates PA-induced HMCs lipid accumulation and CD36
expression

Previous studies have shown that PA induces intracellular lipid
accumulation, which in turn causes cells oxidative stress and
fibrosis [24–26]; therefore, intracellular neutral lipid accumulation
was detected using Oil Red O staining. As shown in Fig. 4,
intracellular lipid accumulation increased when HMCs were
stimulated with PA for 24 h, while treatment with 20–80 mM
ASIV inhibited this intracellular lipid accumulation in a dose-
dependent manner (Fig. 4A and B). Subsequently, we examined the
effect of ASIV on the expression of CD36. Consistent with the
experimental results of the Oil Red O staining, PA stimulation for
24 h significantly upregulated the expression of CD36; however,
20–80 mM AS-IV markedly attenuated this expression (Fig. 4 C–F).
Fig. 2. AS-IV suppresses PA-induced TGF-β1 and p-Smad2/3 expression levels in HMCs. 

and (C) Densitometric analysis of TGF-β1 and p-Smad2/3 expression. Data are expressed
BSA; ##p < 0.01 as compared with PA.
Inhibition of CD36 alleviates PA-induced HMCs oxidative stress and
fibrosis

Since several groups have reported that CD36 is involved in
ECM deposition and oxidative stress, we further investigated the
effect of CD36 inhibition on PA-induced oxidative stress and
fibrosis. Using a BODIPYTM lipid probe, we found that stimulation
with PA increased FFA uptake in HMCs, which was verified by Oil
Red O staining. However, sulfo-N-succinimidyl oleate (SSO), an
inhibitor of CD36, reduced HMCs uptake of FFAs, which was also
inhibited by 80 mM AS-IV; nevertheless, their combined use did
not further increase this inhibition (Fig. 5). Furthermore, SSO
suppressed FN, COL4 A1, TGF-β1, and p-smad2/3 expression
following incubation of HMCs with PA for 24 h (Fig. 6). Similarly,
SSO downregulated NOX4 and p22phox expression and reduced
ROS production (Fig. 7); however, there were no significant
differences between SSO and AS��IV alone and combined
treatment (Figs. 6 and 7).

AS-IV suppresses CD36 upregulation in DN rats

We measured FFAs, blood sugar, and 24 h urine protein levels in
rats to confirm success of the animal model (Table 1). The FFA level
in the DN group was 5-fold higher than that in the Control group.
Blood glucose and 24 h urine protein levels in the DN group were
significantly higher than those in the Control group. These
measured parameters proved the success of the animal model.
Subsequently, to confirm the effect of ASIV on CD36 expression in
DN rats, we evaluated CD36 expression by immunohistochemistry
and western blotting. The immunohistochemistry results show
that CD36 expression was significantly increased in DN rats,
especially in the glomeruli, while 20–80 mM AS��IV markedly
downregulated CD36 expression, which was verified by western
blotting (Fig. 8).

Discussion

The present study investigated the effect of AS-IV on PA-
induced HMCs fibrosis and oxidative stress and elucidated the
underlying mechanisms. HMCs were exposed to PA for 24 h,
followed by evaluation of fibrosis, oxidative stress, and intracellu-
lar lipid accumulation. We found that AS-IV attenuated PA-induced
fibrosis and oxidative stress via the inhibition of CD36-mediated
intracellular lipid deposition.

DN is the most serious chronic microvascular complication in
DM. Metabolic changes in DM account for the pathophysiological
processes of DN including mesangial ECM accumulation [2],
(A) TGF-β1 and p-Smad2/3 expression levels were detected by western blotting. (B)
 as the mean � SD of three independent experiments. **p < 0.01 as compared with



Fig. 3. AS-IV suppresses PA-induced ROS generation and NOX4 and p22phox expression in HMCs. (A) ROS levels were detected by the ROS-sensitive fluorescent probe, DCHA-
DA (200�, bar = 50 mm). (B) ROS was detected by the ROS-sensitive fluorescent probe, DHE (400�, bar = 20 mm). (C) and (D) Average fluorescence intensity analysis of ROS
generation. (E) NOX4 and p22phox expression levels were detected by western blotting. (F) and (G) Densitometric analysis of NOX4 and p22phox expression. Data are
expressed as the mean � SD of three independent experiments. **p < 0.01 as compared with BSA; ##p < 0.01 as compared with PA.
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which is an important pathological change in DN, characterised
by FN and Col4 deposition [27,28]. Excessive HMCs secretion of
FN and Col4 is known to be due to activation of the TGF-β1/
Smad2/3 pathway [29–31].

In addition to hyperglycemia, FFA levels are chronically elevated
in DN. The concentration of FFAs in healthy individuals is 200–
600 mM; however, this value increases by 4-fold in type 2 diabetes.
PA is the most abundant saturated FFA, accounting for~25% of total
fatty acids [15,32]. It has been shown that redundant PA plays an
important role in insulin resistance, apoptosis, oxidative stress,
and ECM accumulation [24,33,34]. PA is considered a risk factor of
DN [35,36] and is commonly used for in vitro studies of DN
[37–40]. According to the 'lipotoxicity' hypothesis, PA leads to
kidney injury via increased accumulation of lipids. It has been
previously reported that AS-IV suppresses PA-induced lipid
accumulation [19]; thus, we hypothesised that AS-IV may improve
HMCs fibrosis and oxidative stress induced by PA via the reduction
of lipid accumulation. In the present study, both FN and Col4 A1



Fig. 4. AS-IV suppresses PA-induced lipid accumulation and CD36 expression in HMCs. (A) Cells were stained with Oil Red O (400 �, bar = 20 mm). (B) Densitometric analysis
of Oil Red O staining. (C) CD36 expression was detected by immunofluorescence (400�, bar = 20 mm). (D) Fluorescence intensity analysis of CD36 expression. (E) CD36
expression was detected by western blotting. (F) Densitometric analysis of CD36 expression. Data are expressed as the mean � SD of three independent experiments.
**p < 0.01 as compared with BSA; #p < 0.05, ##p < 0.01 as compared with PA.

324 Y. Su et al. / Pharmacological Reports 71 (2019) 319–329



Fig. 5. AS-IV and the CD36 inhibitor, SSO, suppress PA-induced FFA uptake in HMCs. (A) The BODIPYTM FL C16 lipid probe was used to measure FFA uptake (400�, bar
= 20 mm). (B) Average fluorescence intensity analysis of FFA uptake. Data are expressed as the mean � SD of three independent experiments. **p < 0.01 as compared with BSA;
##p < 0.01 as compared with PA.
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expression increased significantly following stimulation of HMCs
with PA for 24 h. The expression levels of activated TGF-β1 and p-
Smad2/3 were consistent with those of FN and Col4 A1. Treatment
with AS-IV attenuated HMCs fibrosis induced by PA and sup-
pressed the activation of the TGF-β1/Smad2/3 pathway.

The deleterious role of ROS in DN has long been recognised,
and the primary source of ROS in DN appears to be NOX4.
Evidence suggests that NOX4 heterodimerisation with p22phox
enhances the enzyme activity and/or stability without the
requisite regulatory subunits [41]. NOX4 is associated with a
variety of molecular events, in particular, interaction with the
TGF-β1/Smad2/3 pathway, accelerating ECM deposition. Studies
have demonstrated that TGF-ß1 increases the expression of NOX4
and ROS production. On the other hand, there is evidence
suggesting that NOX4 has a potential role as an upstream
mediator of TGF-β1/Smad2/3. For instance, NOX4-derived ROS
generation leads to increased expression of TGF-β1 and FN, which
is attenuated by the NOX inhibitor, GKT-136901. NOX4 and
TGF-β1/Smad2/3 may form an amplification loop [10]. In the
present study, the expression levels of NOX4 and p22phox
increased significantly, in addition to ROS generation, in HMCs
exposed to PA for 24 h. However, AS-IV inhibited ROS generation
and reduced the expression of NOX4 and p22phox. These results
provide evidence that AS-IV may exert an inhibitory effect on PA-
induced HMCs fibrosis and oxidative stress.

CD36, a scavenger receptor, plays an important role in
metabolic diseases including non-alcoholic fatty liver disease
and diabetes mellitus [42,43]. The main function of CD36 is to
mediate the uptake of medium- and long-chain fatty acids.
Recently, CD36 has been considered an important therapeutic
target for kidney disease, including DN [44]. In T2DM patients,
soluble CD36 has a positive correlation with kidney markers such
as urea, creatinine, and eGFR [45]. Noteworthy is that high glucose
also increases the expression of CD36 [46,47]; thus, elevated blood
glucose and PA induce CD36 expression in DM, especially in T2DM.
It has been reported that knockdown of CD36 prevents PA-
dependent oxidative stress [11]. Moreover, Nath et al., have shown
that PA uptake via CD36 promotes hepatocellular carcinoma
epithelial-mesenchymal transition, including activation of TGF-β1/
Smad2/3 [24]. This evidence suggests that CD36 may be a potential
upstream mediator of NOX4 and TGF-β1.

In the present study, a DN model was induced by administration
of an HFD and STZ, which is a widely used model of type 2 diabetic
nephropathy. FFAs, blood glucose, and 24 h urine protein levels
proved success of the animal model. Serum creatinine, urea
nitrogen, and H&E and Masson staining were published in our
previous study [23]. We found that CD36 expression was increased
in the kidney of DN rats, especially in the glomeruli, and HMCs
stimulated with PA. We hypothesised that excessive CD36 causes
HMCs to absorb more free fatty acids, increasing intracellular lipid
accumulation. FFA absorption experiments confirm our specula-
tion that treatment with SSO significantly inhibits PA-induced FFA
uptake in HMCs. Moreover, SSO also improved PA-induced fibrosis
and oxidative stress; the fibrosis-associated protein, FN, Col4 A1,
TGF-β1, and p-Smad2/3 were all downregulated, in addition to a
reduction in NOX4 and p22phox expression and ROS generation.
These results indicate a key role of CD36 in PA-induced fibrosis and
oxidative stress. In the present study, we also examined the effect
of AS-IV on the expression of CD36, and found that the increase in
expression of CD36 was inhibited by AS-IV in both HMCs and DN



Fig. 6. The CD36 inhibitor, SSO, suppresses PA-induced fibrosis in HMCs. (A) FN expression was detected by immunofluorescence (400�, bar = 20 mm). (B) Analysis of FN
expression. (C) FN, Col4 A1, TGF-β1, and p-Smad2/3 expression levels were detected by western blotting. (D–G) Densitometric analysis of FN, Col4 A1, TGF-β1, and p-Smad2/3
expression. Data are expressed as the mean � SD of three independent experiments. **p < 0.01 as compared with BSA; #p< 0.05, ##p < 0.01 as compared with PA.
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Fig. 7. The CD36 inhibitor, SSO, suppresses PA-induced oxidative stress in HMCs. (A) ROS levels were detected by the ROS-sensitive fluorescent probe, DCHA-DA (200�, bar
= 50 mm). (B) ROS levels were detected using the ROS-sensitive fluorescent probe, DHE (400�, bar = 20 mm). (C) and (D) Average fluorescence intensity of ROS generation. (E)
NOX4 and p22phox expression levels were detected by western blotting. (F) and (G) Densitometric analysis of NOX4 and p22phox expression. Data are expressed as the
mean � SD of three independent experiments. **p < 0.01 as compared with BSA; ##p < 0.01 as compared with PA.

Table 1
BG, FFA, and urine protein levels in DN rats (n = 6).

CN DN

BG (mmol/L) 5.2 � 1.02 28.10 � 1.76**
FFA (mmol/L) 571.43 � 97.97 3051.02 � 647.26**
Urine protein (mg/24 h) 9.06 � 2.47 31.8 � 4.17**

Data are expressed as the mean � SD. **p < 0.01 as compared with CN.
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rats. Similarly, FFA uptake and lipid accumulation in HMCs were
attenuated by AS-IV treatment; however, combined use of AS-IV
and SSO did not enhance the therapeutic effect, suggesting that
CD36 may be the target of AS-IV.

In conclusion, the present study indicates that PA induced
HMCs fibrosis and oxidative stress by promoting CD36 expression,
FFA uptake, and intracellular lipid accumulation. Treatment with
AS-IV inhibited PA-induced fibrosis and oxidative stress via the
downregulation of CD36 expression. Therefore, AS-IV may be a
promising candidate for the prevention and treatment of early DN.



Fig. 8. AS-IV suppresses CD36 expression in DN rats. (A) CD36 expression was detected in the kidney by immunohistochemistry (400�, bar = 20 mm). (B) Quantitation of CD36
immunohistochemical staining. (C) CD36 expression was detected in the kidney by western blotting. (D) Densitometric analysis of CD36 expression. Data are expressed as the
mean � SD of three independent experiments. **p < 0.01 as compared with CN; #p < 0.05, ##p < 0.01 as compared with DN.
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