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Abstract

BACKGROUND

Diabetic nephropathy (DN) is the principal cause of end-stage renal disease.
Previous studies have shown that clopidogrel can prevent the early progression of
renal injury.

AIM

To elucidate whether clopidogrel is beneficial against DN by using a db/db mouse
model.

METHODS

db/db mice with a higher urinary albumin/creatinine ratio (ACR) relative to age-
and sex-matched wild-type control mice were randomly allocated to clopidogrel
and vehicle treatment groups. Clopidogrel was administered at doses of 5, 10, and
20 mg/kg by gavage for 12 wk. Body mass, blood glucose level, and urinary
creatinine and albumin concentrations in each group were measured before and
after the intervention. Renal fibrosis was evaluated using periodic acid-Schiff and
Masson’s trichrome staining. The renal protein expression of tumor necrosis
factor-a (TNF-0), interleukin-1p (IL-1B), and F4/80 was assessed using immuno-
histochemistry. Urinary TNF-a, monocyte chemoattractant protein-1 (MCP-1), and
IL-6 levels were analyzed using enzyme-linked immunosorbent assay; TNF-a and
IL-1p mRNA expression was measured using real-time quantitative polymerase
chain reaction. The protein expression of fibronectin (FN) and collagen I was
assessed using immunohistochemistry.

RESULTS
Clopidogrel treatment did not affect the body mass or blood glucose level of the
db/db mice; however, it increased bleeding time and reduced urinary ACR in a
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dose-dependent manner. Immunohistochemical staining revealed an amelioration of renal fibrosis,
significantly lower deposition of FN and collagen I, and significantly lower expression of the
proinflammatory cytokines TNF-a and IL-1B and lower levels of urinary TNF-a and MCP-1 in the
clopidogrel-treated db/db mice (P < 0.05). Furthermore, clopidogrel significantly reduced
macrophage infiltration into the glomeruli of the db/db mice.

CONCLUSION

Clopidogrel significantly reduced renal collagen deposition and fibrosis and prevented renal
dysfunction in db/db mice, most likely through inhibition of renal macrophage infiltration and the
associated inflammation.

Key Words: Diabetes; Clopidogrel; Inflammation; Fibronectin; Diabetic nephropathy

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Diabetic nephropathy is the most common microvascular inflammatory disease among the
diabetic complications. Previous studies have shown that clopidogrel administration is an effective means
of suppressing inflammation in diseases such as acute myocardial infarction, diabetes, and acute ischemic
cerebral infarction. In this study, we aimed to determine whether treatment with clopidogrel has a
preventive or therapeutic effect in the kidneys of obese, type 2 diabetic db/db mice. In this experiment, we
demonstrated that clopidogrel significantly reduced renal collagen deposition and fibrosis and prevented
renal dysfunction in db/db mice, most likely through inhibition of renal macrophage infiltration and the
associated inflammation.

Citation: Li HQ, Liu N, Zheng ZY, Teng HL, Pei J. Clopidogrel delays and can reverse diabetic nephropathy
pathogenesis in type 2 diabetic db/db mice. World J Diabetes 2022; 13(8): 600-612

URL: https://www.wjgnet.com/1948-9358/full/v13/i8/600.htm

DOI: https://dx.doi.org/10.4239/wjd.v13.i8.600

INTRODUCTION

Diabetes is a major public health issue, affecting more than 400 million people worldwide[1]. Type 2
diabetes is a highly prevalent condition that is associated with major vascular, renal, and neurologic
complications. Diabetic nephropathy (DN) is the most common microvascular inflammatory disease
among diabetes complications. Proteinuria is a hallmark of early DN, and the associated morphological
abnormalities include glomerular hypertrophy, thickening of the glomerular basement membrane,
expansion of the mesangial matrix, and renal tubular injury. Renal changes in the later phases include
glomerulosclerosis and tubulointerstitial fibrosis[2-4].

The mechanism of DN is complex. A persistently high glucose level is considered the principal risk
factor for DN; however, other factors, such as abnormal renal hemodynamics, may also be involved in
the development of DN[5]. Hyperglycemia leads to the expression of proinflammatory mediators
(chemokines and cytokines) in injured glomerular and tubular cells, which contributes to renal damage
through various mechanisms, including mesangial proliferation, podocyte/tubular damage, and
leukocyte infiltration[6,7]. Leukocytic interleukin-6 (IL-6) and tumor necrosis factor (TNF)-a promote
the release of vascular endothelial factors, stimulate the proliferation of glomerular mesangial cells,
increase the permeability of the endothelium, and promote the synthesis and release of superoxide and
proteolytic enzymes, which eventually cause renal structural remodeling and dysfunction[8,9]. An
increasing amount of evidence indicates that diabetes-associated vascular and renal inflammation is
likely to be associated with high platelet reactivity, which would contribute to high atherothrombotic
risk[10,11].

Clopidogrel is an anti-platelet aggregation drug that with a pyridine-based structure. It can
specifically and irreversibly bind to platelet P2RY12 purinergic receptors, which inhibits ADP-mediated
platelet activation and aggregation. Clopidogrel not only inhibits platelet aggregation but also inflam-
matory responses in a platelet activation-dependent or independent manner[12,13]. Previous studies
have shown that clopidogrel administration is an effective means of suppressing inflammation in
conditions such as acute myocardial infarction, diabetes, and acute ischemic cerebral infarction[14,15].
Lower expression levels of IL-6, TNF-a, and transforming growth factor-f1; lower matrix metallopro-
teinase (MMP)-2 and MMP-9 activity; and stabilization of the extracellular matrix (ECM) in clopidogrel-
treated mice with hyperlipidemia and acute myocardial infarction reflected the protective effect of the
drug[16]. We have previously shown that clopidogrel significantly reduced renal collagen and
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fibronectin (FN) expression and thus ameliorated diabetes-induced renal fibrosis in a streptozotocin-
induced murine model of type 1 diabetes[17]. However, because 80%-90% of the population with
diabetes has type 2 disease[1], in the present study, we aimed to determine whether clopidogrel
treatment has a preventive or therapeutic effect in the kidneys of obese type 2 diabetic db/db mice, a
widely used mouse model of type 2 diabetes for DN investigations[18].

MATERIALS AND METHODS

Experimental animals, groups, and drug administration

db/db mice used in the present study were leptin receptor (Lepr) knockout mice with the C57BLKS
background developed by GemPharmatech Co., Ltd. by using the clustered regularly interspaced short
palindromic repeats (CRISPR)/Cas9 technique, (https://www.gempharmatech.us/en/strain
/detail /?strain_id=3913). This mouse line has features similar to that from the Jackson Laboratory (
https:/ /www jax.org/strain/000642): Significant increases in the body weight starting at 4 wk,
hyperglycemia (6-h fasting blood glucose and hemoglobin Alc) at 8 wk, insulinemia (> 3-fold) at 8 wk,
and hyperlipidemia (cholesterol, triglyceride, and low-density lipoprotein) along with the early onset of
renal dysfunction (indicated by significantly increased microalbumin level in 24-h urine analysis) at 12
wk of age. Therefore, this mouse line has been widely used as a model for studies on type 2 diabetes[19,
20], including for the studies on DN of type 2 diabetes[18,21].

Eight-week-old, specific pathogen-free male C57BLKS db/db diabetic mice (n = 24) and age-matched
C57BLKS [wild-type (WT)] mice (n = 6) were purchased from the Model Animal Research Center of
Nanjing University (Cat. No. T002407, GemPharmatech Co., Ltd., Nanjing, China). All animal
experiments were approved by the ethics committee of the First Hospital of Jilin University and
conformed to the internationally accepted principles for the care and use of laboratory animals. All the
mice were adoptively fed until 12 wk of age when these db/db mice should show typical DN, defined as
the baseline. Then the db/db mice were randomly assigned to vehicle or low-dose (5 mg/kg), medium-
dose (10 mg/kg), or high-dose (20 mg/kg) clopidogrel groups. The mice were administered clopidogrel
or vehicle daily by gavage for 3 mo. At the end of the experiment, the animals were intraperitoneally
anesthetized with tribromoethanol (350 mg/kg) and sacrificed to collect blood and kidneys for
subsequent experiments.

Sample collection

Blood glucose levels were measured at regular intervals by using samples collected from a tail vein.
Twenty-four-hour urine collections were performed before and after 3 mo of treatment with the animals
in metabolic cages, and the 24-h urine albumin output was measured using a mouse microalbuminuria
enzyme-linked immunosorbent assay (ELISA) kit (Beijing XinQuan Tech Company, XQ-EN20536). The
urine creatinine output was measured using a creatinine test kit (Nanjing Jiancheng Bioengineering
Institute, C011-1-1).

Blood clotting time

Blood clotting time was measured using the mouse tail-vein bleeding assay. Briefly, the mouse’s tail was
cut 1-2 mm from the tip, where its diameter was approximately 1 mm, and then, it was immediately
dipped into a 50-mL tube filled with saline at 37 °C. The bleeding time was recorded over a period of up
to 5 min, as in our previous study[17].

Histology and immunohistochemical staining

The collected kidneys were fixed in 10% formalin, dehydrated in a graded series of alcohol, cleaned
with xylene, embedded in paraffin, and sectioned at a thickness of 5 pm. Periodic acid-Schiff and
Masson staining was performed to facilitate the examination of the glomerular basement membrane and
mesangial matrix of the kidneys. Immunohistochemistry was used to assess the expression of TNF-a
(Abcam, ab220210), IL-1p (Cell Signaling Technologies, #12242), F4/80 (Abcam, ab100790), FN (Santa
Cruz Biotechnology, SC-8422), and collagen I (Abcam, ab253113) in the kidney sections. After 3,3'-
diaminobenzidine staining, cells that were positive for target protein expression stained brown-yellow,
whereas the cells without the said expression were unstained. The percentage of each area that was
stained was quantified using the Image-Pro Plus software.

Measurement of TNF-a, MCP-1, and IL-6 levels in the urine

Urinary TNF-a, MCP-1, and IL-6 levels were measured using a mouse TNF-a precoated ELISA kit
(DAKEWE, 1217202), mouse MCP-1 precoated ELISA kit (DAKEWE, 1217392), and mouse IL-6
precoated ELISA kit (DAKEWE, 1210602), respectively. These concentrations were normalized to the
urinary creatinine concentrations.
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RNA isolation and real-time polymerase chain reaction

RNA was extracted from tissues by using Trizol and reverse-transcribed into cDNA. Real-time
polymerase chain reaction (PCR) was performed using SYBR Green chemistry, with g-actin as the
reference gene. Gene expression was quantified using the 244" method. The primer sequences used
were as follows: TNF-a (F): TATAAAGCGGCCGTCTGCAC, TNF-a (R): TCTTCTGCCAGTTCCACGTC;
IL-1p (F): TTGACGGACCCCAAAAGATG, IL-18 (R): AGAAGGTGCTCATGTCCTCA; and g-actin (F):
CCCTGTATGCCTCTGGTCGT, p-actin (R): CGTGGGGTGAAGCTGTAGCCACG.

Statistical analysis

Data are presented as mean + SD values for n = 6 mice per group. Multiple comparisons of data were
performed using one-way analysis of variance, with Tukey’s test for post-hoc pairwise comparisons. All
statistical analyses were conducted using GraphPad Prism 5, and P < 0.05 was considered to represent
statistical significance.

RESULTS

Effects of the db/db genotype and clopidogrel on the body mass, blood glucose level, and bleeding

time of the mice

At the age of 12 wk, the db/db mice were significantly heavier and had higher fasting blood glucose
levels compared to the WT mice (Figures 1A and B). Their animals” body mass slightly increased with
age thereafter, whereas their fasting blood glucose levels did not significantly change during the 3-mo
treatment period. Because db/db mice start showing typical DN at 12 wk of age, we started to
administer clopidogrel from this age with one of three doses (5, 10, or 20 mg/kg), to observe the drug’s
therapeutic effects or delay DN progression. First, the bleeding times of the WT and diabetic mice that
had or had not been administered clopidogrel were measured (Figure 1C). There was no difference
between diabetic mice and WT nondiabetic mice at the baseline level, and treatment of the diabetic mice
with clopidogrel increased the bleeding time in a dose-dependent manner during the 3-mo treatment.
Furthermore, clopidogrel treatment did not affect the body mass or blood glucose levels of the diabetic
mice during the experimental period (Figures 1A and B).

Clopidogrel ameliorated diabetes-associated renal dysfunction, glomerular sclerosis, and collagen

fiber deposition in the mice

Clopidogrel administration for 3 mo reduced the urinary albumin/creatinine ratio (ACR) of the diabetic
mice, especially in the high-dose group, which implies an improvement in the glomerular filtration rate
(Figure 2A). The kidneys of the WT mice did not show any obvious pathology, whereas those of the db/
db mice showed larger renal glomeruli, thickening of the substrate membranes, hyperplasia of
mesangial cells, and an expansion of the ECM. These histopathological changes were markedly
ameliorated by clopidogrel administration (Figure 2B). Masson’s trichrome staining showed greater
collagen deposition in the db/db mice; however, this was less severe in the mice administered
clopidogrel (Figure 2B).

Potential mechanisms for the beneficial effects of clopidogrel: A reduction in the renal accumulation

of ECM components responsible for fibrosis

It has been shown that in the early stages of DN, there is a significant increase in the deposition of
collagen, FN, and laminin in the glomerular basement membrane and ECM in glomerular mesangial
cells[22]. We assessed the protein expression of FN and collagen type I in the kidney cortex of the mice
by immunohistochemical staining (Figure 3). No significant FN or collagen I protein expression was
identified in the renal glomerulus of WT mice (Figure 3), and there was only a low level of expression
around the blood vessels (data not shown). In contrast, there was an excessive deposition of both FN
and collagen I in the glomerular membranes and mesangium of the db/db mice (Figure 3). However, the
accumulation of both proteins was significantly lower in db/db mice that had been administered
clopidogrel for 3 mo (Figure 3). These data imply that clopidogrel reduced collagen synthesis and ECM
deposition and inhibited fibrosis in the kidneys of the db/db mice.

Potential mechanisms for the beneficial effects of clopidogrel: Inhibition of the diabetes-associated

renal inflammatory response and macrophage infiltration

We next measured the mRNA expression of TNF-a and IL-15 by using real-time PCR, which showed
that both mRNA expression levels were significantly lower in the clopidogrel treatment group
(Figure 4A). Furthermore, immunohistochemical staining of kidney sections showed that TNF-a and IL-
1B were expressed at low levels in the kidneys of the WT mice. However, there was higher TNF-a
expression principally in the renal tubules and higher IL-1B expression in both the glomeruli and renal
tubules of the db/db mice (Figure 4B). Semi-quantitative analysis showed significantly higher protein
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expression of TNF-a and IL-1p in the kidneys of diabetic mice. Nevertheless, clopidogrel significantly
reduced the expression of these renal inflammatory cytokines (Figure 4C).

We also examined these inflammatory cytokine levels in the urine, which may be indirect indicators
of systemic inflammation. Furthermore, considering that MCP-1 is a potent chemokine in the
recruitment of macrophages[23], urinary TNF-a, IL-6, and MCP-1 levels were measured by ELISA
(Figure 5). The results showed that the development of diabetes significantly increased urinary TNF-q,
IL-6, and MCP-1 levels. However, clopidogrel reduced the levels of urinary TNF-o and MCP-1 (Figures
5A and C), and urinary IL-6 level in db/db mice had a slight decrease (Figure 5B). These results indicate
that clopidogrel can inhibit the diabetes-associated renal inflammatory response and probably systemic
inflammation.

Macrophages, lymphocytes, and mast cells secrete large amounts of proinflammatory mediators and
cytokines in the diabetic kidney, which directly or indirectly induce renal damage and accelerate local
fibrosis[24,25]. F4/80 is a macrophage marker expressed on the surface of these cells in mice. Consistent
with the urinary MCP-1 results, there was no obvious expression of F4/80 in normal mouse kidney
tissue (Figure 6). On the other hand, macrophage infiltration was apparent around the glomeruli in
diabetic mice. Furthermore, the number of macrophages at this location was significantly high in db/db
mice; this number was significantly reduced by clopidogrel treatment (Figure 6). These results suggest
that clopidogrel reduces macrophage infiltration and inhibits cytokine secretion, thereby reducing
damage to the kidneys caused by the inflammatory response.

DISCUSSION

Clopidogrel is an antagonist of the P2RY12 receptor, which is expressed on the surfaces of platelets. It
not only inhibits platelet aggregation but also reduces ventricular inflammation and fibrosis in animal
models[26-28]. Consistent with this, in this study, we found that clopidogrel administration for 3 mo
delayed or prevented the progression of DN in db/db diabetic mice. These beneficial effects of
clopidogrel in db/db mice appear to be mediated by inhibition of the renal deposition of collagen,
probably through suppression of macrophage infiltration into the kidney and thus a reduction in
proinflammatory cytokine secretion, as illustrated in Figure 7.

We have also shown that clopidogrel administration does not significantly affect the body mass or
blood glucose level of db/db diabetic mice, which implies that the dose and duration of clopidogrel
administration used in these mice were safe, without evidence of potential side-effects. Furthermore,
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these beneficial effects of the drug against DN development in these mice were independent of glycemic
control. There have been few previous studies on the effects of clopidogrel on blood glucose. However,
in one study, patients with type 2 diabetes were treated daily with one 70 mg clopidogrel tablet for 2
mo, which improved their fasting blood glucose level (from 9.7 + 0.7 mmol/L to 7.5 £ 0.5 mmol/L).
Therefore, the potential hypoglycemic effect of clopidogrel requires further investigation.

In addition, although clopidogrel is an anti-platelet aggregation drug, its preventive or therapeutic
effect on the development of DN in db/db mice does not seem to be predominantly related to its effect
on platelet aggregation. We believe this is because the db/db mice did not demonstrate shorter bleeding
times than those noted in the WT mice before or after 3 mo of clopidogrel administration (Figure 1C).
However, clopidogrel increased the bleeding times of the db/db mice in a dose-dependent manner
(Figure 1C) during the 3-mo treatment period, parallel to the dose-dependent effects of improvement in
renal function (Figure 2A).

The urinary albumin concentration is closely related to the progression of glomerular lesions and
kidney damage, and this was significantly reduced by clopidogrel administration in db/db mice to levels
that were lower than those prior to treatment (Figure 2A). Inflammation plays an important role in the
development and progression of DN, and this involves the production of chemokines and proinflam-
matory cytokines, infiltration of immune cells into the kidney, formation of immune complexes, and
complement activation[29]. Chronic diabetic hyperglycemia causes an increase in the circulating concen-
tration of advanced glycation end-products, which induce macrophage migration through advanced
glycation end product receptor-mediated activation of the nuclear factor (NF)-xB inflammatory
pathway[30,31]. Furthermore, the production of the proinflammatory cytokines TNF-a and IL-1f is
induced by NF-xB activation. TNF-o promotes inflammatory cell aggregation and adhesion,
microvascular dilation, vascular permeability, and exacerbation of the inflammatory response, thereby
contributing to glomerular tissue damage. Therefore, the serum TNF-a concentration is considered a
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Figure 3 Clopidogrel reduces the production of fibronectin and collagen I in the kidneys of db/db mice. A: Representative immunohistochemical
staining. Magnification: x 400; B: Quantitative analysis of fibronectin protein and collagen | protein. Data are shown as mean + SD values of n = 6 mice per group. *P
< 0.05 vs wild type mice; °P < 0.05 vs db/db mice. FN: Fibronectin; WT: Wild type; db/db: dbldb mice; Clo: Clopidogrel.
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predictor of disease progression[9,32]. IL-1p stimulates the proliferation of glomerular cells in the
kidneys, promotes the production of ECM, and accelerates the process of renal fibrosis[8,33]. Consistent
with this, we found significantly higher expression of both TNF-a and IL-1p in the kidneys and urine of
db/db mice. However, treatment with clopidogrel significantly reduced the expression of both cytokines,
which implies that the drug has an anti-inflammatory effect in the kidneys of diabetic mice.

Macrophages are the principal type of immune cells that promote kidney damage in diabetes[34,35].
F4/80 is a macrophage-specific antigen that participates in the maturation and activation of this cell
type. Consistent with the increased urinary level of MCP-1, which is a potent chemokine in
macrophages, we found a significant increase in macrophage infiltration, mirrored by F4/80-positive
staining (Figure 6), in the kidneys of the db/db mice. However, the number of macrophages in the
kidneys of the clopidogrel-treated mice was significantly lower. Chronic renal inflammation causes
glomerular membrane cells to produce large amounts of type I and type IV collagen and FN, which
leads to thickening of the glomerular basement membrane and ECM accumulation, ultimately resulting
in glomerulosclerosis[36,37]. We also found higher expression of collagen I and FN in the kidneys of the
db/db mice. However, this was much lower in the kidneys of mice that had been treated with
clopidogrel for 3 mo.

Thus, as illustrated in Figure 7, the results of the present study suggest that clopidogrel adminis-
tration for 3 mo to db/db mice, which had significant renal dysfunction (high urinary ACR), delayed the
progression of DN and possibly improved renal function. This effect is accompanied by an amelioration
of features of the renal pathology of DN, including lower renal accumulation of ECM components, such
as collagen and FN. The beneficial effects of clopidogrel on the renal deposition of collagen in the
kidneys of db/db mice may be explained by its inhibition of diabetes-associated macrophage infiltration
and proinflammatory cytokine release. However, further research is required to determine whether
there is a genuine cause-and-effect link between these findings. In addition, the lower macrophage
infiltration may explain the reduction in ECM accumulation and fibrosis. However, it may be that
clopidogrel also directly inhibits renal inflammation and fibrosis. This possibility requires further
investigation.
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Figure 4 Clopidogrel inhibits the expression of tumor necrosis factor-a and interleukin-18 in db/db mice. Data are shown as mean + SD values
of n =6 per group. 2P < 0.05 vs wild-type mice; °P < 0.05 vs db/db mice. A: Tumor necrosis factor (TNF)-o. and interleukin (IL)-1B gene expression, determined using
real-time polymerase chain reaction; B: Immunohistochemical staining; C: Semi-quantitative analysis of TNF-a and IL-1p protein expression. WT: Wild type; db/db: db
/db mice; Clo: Clopidogrel; TNF: Tumor necrosis factor; IL: Interleukin.
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CONCLUSION

We found that clopidogrel significantly reduced renal collagen deposition and fibrosis and prevented
renal dysfunction in db/db mice. These findings suggest a promising alternative approach to the
treatment of diabetes and prevention of DN because clopidogrel is in current use and could be co-
administered with other antidiabetic drugs.
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Figure 5 Clopidogrel reduces the levels of urinary tumor necrosis factor-a and monocyte chemoattractant protein-1 in db/db mice. Data
are shown as mean + SD values of n = 6 mice per group. P < 0.05 vs wild type mice; °P < 0.05 vs db/db mice. A: Tumor necrosis factor-a. levels in the urine; B:
Interleukin-6 levels in the urine; C: Monocyte chemoattractant protein-1 levels in the urine. WT: Wild type; db/db: db/db mice; Clo: Clopidogrel 20 mg/kg; TNF: Tumor
necrosis factor; IL: Interleukin; MCP: Monocyte chemoattractant protein.
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Figure 6 Clopidogrel reduces renal macrophage infiltration in db/db mice. P < 0.05 vs wild type mice; °P < 0.05 vs db/db mice. Immunohistochemical
staining, magnification: x 400. A: Wild type; B: db/db mice; C: db/db + clopidogrel (20 mg/kg); D: Immunohistochemical analysis of F4/80 expression. WT: Wild type;
db/db: dbldb mice; Clo: Clopidogrel.

Geishidenge WID | https://www.wjgnet.com 608 August 15,2022 | Volume13 | Issue8 |



Systemic

Li HQ et al. Clopidogrel improves DN

- - \; Inﬂammatory cells

activation of

platelet

Inﬂammatory cytokins

Systemic bleeding

time

!

ECM products fibrosis

v
Dys-function

Proteinuria
<

DOI: 10.4239/wjd.v13.i8.600 Copyright ©The Author(s) 2022.

Figure 7 Outline of the potential mechanisms whereby clopidogrel ameliorates defects in renal structure and function in db/db mice.
Diabetes is associated with the activation of platelets, predisposing toward systemic thrombosis, which is reflected in a shorter bleeding time. Diabetes is also
characterized by the activation of inflammatory cells, including macrophages, which infiltrate the kidney and release proinflammatory cytokines, causing systemic and
renal inflammation, which is followed by renal damage, remodeling, and dysfunction. The treatment of db/db mice with clopidogrel may exert its effects in three main
ways: (1) Direct inhibition of the infiltration of circulating inflammatory cells into the kidney; (2) Inactivation of activated platelets, preventing their promotion of
inflammatory cell infiltration; and (3) Direct prevention of the diabetes-related renal inflammatory response and associated downstream pathways. The dashed arrow
indicates that the systemic activation of platelet aggregation in diabetes requires further confirmation in longer-term studies of diabetes models. T2D: Type 2 diabetes;
ECM: Extracellular matrix.
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ARTICLE HIGHLIGHTS

Research background

Diabetic nephropathy (DN) is the leading cause of end-stage kidney disease in the United States and
most developed countries. New strategies are required to delay the development and the progression of
DN.

Research motivation

Previous studies have shown that clopidogrel administration is an effective means of suppressing
inflammation in diabetes. Moreover, clopidogrel can ameliorate diabetes-induced renal fibrosis in a
streptozotocin-induced murine model of type 1 diabetes.

Research objectives

We aimed to determine whether treatment with clopidogrel has a preventive or therapeutic effect in the
kidneys of obese type 2 diabetic db/db mice.

Research methods

Clopidogrel at doses of 5, 10, or 20 mg/kg was administered by gavage for 12 wk. The body mass, blood
glucose, and urinary creatinine and albumin concentrations were measured. Immunohistochemistry,
enzyme-linked immunosorbent assay and real-time quantitative polymerase chain reaction were used to
evaluate the expression of cytokines. Fibronectin (FN), and collagen I was assessed using immunohisto-
chemistry.

Research results

Clopidogrel treatment reduced urinary albumin/creatinine ratio. Immunohistochemical staining
revealed an amelioration of renal fibrosis, significantly less deposition of FN and collagen I. Lower
expression of the proinflammatory cytokines tumor necrosis factor-o. (TNF-0) and interleukin-1p and
lower levels of urinary TNF-0, monocyte chemoattractant protein-1 and significantly reduced
macrophage infiltration of the db/db mice.

Research conclusions
Clopidogrel prevented renal dysfunction in db/db mice, most likely through inhibition of renal
macrophage infiltration and the associated inflammation.

Research perspectives
The present findings suggest a promising alternative approach to the treatment of patients with diabetes
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and the prevention of DN because clopidogrel is in current use and could be co-administered with other
antidiabetic drugs.
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