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Abstract. diabetes is a serious metabolic disease, and the 
kidney damage induced by diabetes also seriously affects the 
survival of patients. Apelin is a molecule that plays a crucial 
role in lipid metabolism, and recent studies have revealed 
that apelin‑13, a subtype of apelin, plays an important role in 
regulating blood glucose levels. However, the role of apelin‑13 
in diabetic nephropathy remains unclear. In the present study, 
a rat model of diabetic nephropathy was constructed by the 
injection of streptozocin (STZ). during this process, these rats 
were injected with apelin‑13. The blood glucose, urine protein 
and insulin levels were determined weekly. Next, the expres‑
sion of angiotensin domain type 1 receptor‑associated protein 
(APJ), endothelial nitric oxide synthase (eNOS), E‑cadherin 
and α‑smooth muscle actin (α‑SMA) in the kidney tissues 
was determined with western blotting. Then, the endothelial 
cells of glomerular vessels were cultured with high glucose 
medium. These cells were treated with apelin‑13 for 24 h. 
Finally, cell viability of these cells and the expression of APJ, 
eNOS, E‑cadherin and α‑SMA in these cells were determined 
with western blotting. As a result, treatment of apelin‑13 
induced the lower levels of blood glucose and urine protein. 
In addition, application of apelin‑13 promoted the production 
of insulin and alleviated the insulin resistance. Treatment 
with apelin‑13 promoted the expression of APJ, eNOS and 
E‑cadherin while it suppressed the expression of α‑SMA 
in kidney tissues of rats and endothelial cells of glomerular 
vessels. Furthermore, application of apelin‑13 also promoted 
the cell viability of these cells. In conclusion, apelin‑13 
relieved diabetic nephropathy by promoting the production of 
nitric oxide (NO) and alleviating the fibrosis of kidney tissues.

Introduction

diabetes is a metabolic disease and glucose metabolism 
disorder is the main clinical manifestation (1). Previous studies 
have indicated that, due to the popularity of high‑sugar and 
high‑fat diets and the sedentary lifestyle of individuals, the 
incidence of diabetes is anticipated to continue to increase 
in the next few years (2,3). The onset of diabetes is often 
accompanied by damage to several organs and patients with 
long‑term diabetes are often diagnosed with severe renal 
failure (4,5). A previous study reported that 30% of patients 
with type 1 diabetes and 25% of patients with type 2 diabetes 
developed diabetic nephropathy (6). Furthermore, the occur‑
rence and development of diabetic nephropathy led to an 
increase in the mortality of patients with diabetes. diabetic 
nephropathy‑induced renal podocyte and capillary damage is 
the main factor affecting the survival of patients (7). Therefore, 
developing a treatment for diabetic nephropathy is crucial for 
improving the survival rate of patients with diabetes.

Apelin is located at the chromosomal region Xq25‑26.1 
and encoded by the APLN gene (8) and is the endogenous 
ligand of the G protein‑coupled receptor angiotensin domain 
type 1 receptor‑associated protein (APJ), which is usually 
secreted and produced by white adipose tissue (9). Apelin 
and its receptor APJ are widely expressed in various tissues, 
including cerebellar endothelial cells, heart and blood vessels, 
especially in the cardiovascular system (10). Apelin was iden‑
tified as an adipokine associated with lipid metabolism in a 
recent study (11). However, previous study has indicated that 
apelin plays a crucial role in regulating the energy homeostasis 
of the body, glucose and water metabolism as well as other 
biological functions (12). Apelin expression has been previ‑
ously revealed to improve insulin resistance, atherosclerosis 
and diabetes‑induced vascular damage (13). However, a 
different study revealed that apelin expression induced the 
occurrence and development of diabetic retinopathy (14). 
Therefore, the role of apelin in the occurrence and development 
of diabetes‑related complications remains unclear.

Furthermore, apelin is present as different subtypes 
(apelin‑36, apelin‑17 and apelin‑13) in the body through the 
shear of the endoplasmic reticulum. It was revealed that the 
shorter the peptide chain of apelin, the stronger its biological 
activity (15). A previous study indicated that apelin improved 
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insulin sensitivity and induced lower blood sugar levels by 
reducing chronic inflammation in patients with type 2 diabetes, 
thereby enhancing glucose and lipid metabolism (16). However, 
the effect of apelin on diabetic nephropathy is currently 
controversial. A previous study has reported that the levels of 
apelin/APJ in the serum of patients with diabetic nephropathy 
are elevated, promoting the occurrence and development 
of diabetic nephropathy (17). On the other hand, a different 
study revealed that apelin‑13 could inhibit the morphological 
changes of renal tubular epithelial cells in the high‑glucose 
environment, thereby inhibiting the occurrence and develop‑
ment of the epithelial‑mesenchymal transition (EMT) process 
in glomerular cells, and ultimately delaying the occurrence of 
diabetic nephropathy (18). Therefore, the effect of apelin on 
diabetes‑induced renal complications remains unclear.

In the present study, the role of apelin‑13 in the process of 
diabetic nephropathy was further investigated by constructing 
a rat model of diabetic nephropathy.

Materials and methods

Animal assays. A total of 30 Sprague dawley male rats 
(6‑8 weeks old; 200‑230 g) were obtained from the Beijing Vital 
River Laboratory Animal Technology co., Ltd. and housed in 
a temperature‑controlled (25˚C) and specific pathogen‑free 
room with constant humidity (40‑50%) in a 12‑h light/dark 
cycle and received food and water ad libitum for 1 week. These 
rats were then equally divided into six groups (control, Model, 
Ap‑E40, Ap‑E400, Ap‑L40 and Ap‑L400). The rats in the 
control group were treated with nothing. The rats of the other 
groups were fed with a high‑sugar and high‑fat diet (Thermo 
Fisher Scientific, Inc.) and received an intravenous injection 
of streptozocin (STZ; 40 mg/kg; product no. S0130; Merck 
KGaA) every week. After 3 weeks, the Ap‑E40 and Ap‑E400 
rats were treated with apelin‑13 (40 and 400 pmol/kg, respec‑
tively; product no. A6469; Merck KGaA). A total of 6 weeks 
after the STZ injection, the rats of the Ap‑L40 and Ap‑L400 
groups were treated with apelin‑13 (40 and 400 pmol/kg, 
respectively). After eight STZ injections, the rats were eutha‑
nized with sodium pentobarbital (160 mg/kg, i.p.). Following 
euthanasia, the serum and organs were collected. The weight of 
the rats was detected using electronic scales every week, from 
1 week prior to the STZ injection and until euthanasia. Blood 
glucose levels were detected every week using a blood glucose 
meter (Thermo Fisher Scientific, Inc.). Urine protein levels 
were also detected using a BcA assay kit (cat. no. P0012S; 
Beyotime Institute of Biotechnology) every week. The fasting 
serum insulin was also detected every week using a commer‑
cial kit (cat. no. RAB0904; Merck KGaA) according to the 
manufacturer's instructions. The index of insulin resistance 
was calculated using the following formula: (Insulin levels 
in the blood x blood glucose levels)/22.5. All the experiments 
were performed according to the Guide for the care and Use 
of Laboratory Animals 8th edition (19) and approved (approval 
no. 2020‑79‑PJ01) by the Ethics committee of the Air Force 
Medical center (Beijing, china).

Detection of blood urea nitrogen (BUN) and serum creati‑
nine (Scr). The levels of BUN (cat. no. ml076479) and Scr 
(cat. no. ml059158) in the blood were determined using 

commercial kits (Shanghai Enzyme‑linked Biotechnology 
co., Ltd.) after 3 and 8 weeks of STZ injection, respectively. 
All steps of this assay were performed according to the 
manufacturers' instructions.

Detection of nitric oxide (NO), angiotensin II (Ang II) and 
endothelin‑1 (ET‑1). The levels of NO, Ang II and ET‑1 in 
the serum and nephridial tissues were detected using NO kit 
(cat. no. S0021; Beyotime Institute of Biotechnology), Ang 
II kit (product no. RAB0010; Merck KGaA) and ET‑1 kit 
(cat. no. E‑EL‑R1458c; Elabscience Biotechnology, Inc.). All 
steps of the assays were performed according to the manufac‑
turers' instructions.

Hematoxylin and eosin (H&E) staining. Following euthanasia, 
kidney tissues were collected and washed with pre‑cooled 
phosphate buffer saline (PBS). The kidney was then sepa‑
rated and fixed with 4% paraformaldehyde overnight at room 
temperature. The paraffin‑embedded kidney tissues were cut 
into 5‑µm sections. Next, these sections were dehydrated in 
70 and 90% ethanol solution for 10 min each. Finally, H&E 
staining at room temperature for 3 min was performed to 
detect pathological changes. All steps of this assay were 
performed according to the manufacturer's instructions of 
the H&E staining kit (cat. no. c0105S; Beyotime Institute of 
Biotechnology).

Immunohistochemistry. Immunohistochemistry was carried 
out using the standard peroxidase/dAB method and hema‑
toxylin counterstaining according to the manufacturer's 
instructions. After being blocked with 5% bovine serum 
albumin (BSA; Beyotime Institute of Biotechnology) for 
20 min at room temperature, sections were incubated with 
anti‑APJ primary antibody (cat. no. PA5‑114830; Thermo 
Fisher Scientific, Inc.) overnight at 4˚C. After PBS washing, 
sections were incubated with goat anti‑rabbit horseradish 
peroxidase‑conjugated secondary antibody (product code 
ab6721; 1:1,000; Abcam) at 4˚C for 50 min, followed by the 
PBS washing. Then, sections were treated with dAB solution 
and counterstained with hematoxylin at room temperature 
for 5 min. Finally, the images were obtained using a light 
microscope (Olympus corporation).

Cell culture and treatment. A human renal glomerular 
microvascular endothelial cell line (hRGEc) was obtained 
from the BioVector NTcc, Inc. and cultured in RPMI‑1640 
medium (Thermo Fisher Scientific, Inc.), supplemented with 
10% fetal bovine serum (FBS) in humidified air at 37˚C with 
5% cO2. These cells were divided into the control, model, 
Ap‑L (Apelin‑low) and Ap‑H (Apelin‑high) groups. Model, 
Ap‑L and Ap‑H group cells were cultured in high‑glucose 
(25 mmol/l; cytiva) RPMI‑1640 medium and control group 
cells were cultured in RPMI‑1640 medium with normal glucose 
content (5.5 mmol/l). Next, Ap‑L group cells were treated with 
low levels of apelin‑13 (0.1 µmol/l) and Ap‑H group cells were 
treated with high levels of apelin‑13 (1 µmol/l).

Tube formation experiment. Tube formation in hRGEc cells 
was determined using a commercial kit (product no. K905‑50; 
AmyJet Scientific, Inc.). All images were obtained using a 
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light microscope (magnification, x4; Olympus Corporation). 
All steps of this assay were performed according to the manu‑
facturer's instructions.

Cell Counting Kit‑8 (CCK‑8) assay. hRGEc cells from various 
groups were plated into three 96‑well plates (2.5x104/well). 
After 24, 48 and 72 h of incubation at 37˚C, 10 µl CCK‑8 
reagent (dojindo Molecular Technologies, Inc.) was diluted 
with the culture medium and added to the 96‑well plates. Next, 
these cells were placed in an incubator for 1 h. Finally, the 
absorbance of these cells was detected using a spectrophotom‑
eter (Thermo Fisher Scientific, Inc.) at a wavelength of 450 nm.

Western blotting. Total proteins were collected from 
nephridial tissue and hRGEc cells using RIPA lysis buffer 
(Santa cruz Biotechnology, Inc.). Protein concentration was 
determined using a BcA assay kit. Next, equal amounts 
of protein (40 µg) were separated via 10% sodium dodecyl 
sulfate‑polyacrylamide gel electrophoresis (SdS‑PAGE) 
(Beyotime Institute of Biotechnology) and transferred to a 
polyvinylidene fluoride (PVDF) membrane (EMD Millipore), 
which was blocked with 5% bovine serum albumin (BSA) 
(Beyotime Institute of Biotechnology) at 37˚C for 1.5 h. The 
membranes were then incubated with the following primary 
antibodies at 4˚C overnight: Ang II type 1 receptor (AT1R; 
1:1,000; product code ab124734; Abcam), endothelial NO 
synthase (eNOS; 1:1,000; product ocde ab5589; Abcam), 
APJ (1:1,000; cat. no. PA5‑114830; Thermo Fisher Scientific, 
Inc.), transforming growth factor β receptor (TGBR; 1:1,000; 
product code ab97459; Abcam), E‑cadherin (1:1,000; product 
code ab212059; Abcam), α‑smooth muscle actin (α‑SMA; 
1:1,000; product no. 19245; cell Signaling Technology, 
Inc.) and GAPdH (1:2,500; product code ab9485; Abcam). 
Following the primary antibody incubation, the membranes 
were washed with PBS‑Tween‑20 (0.1%) and incubated with 
HRP‑conjugated antibody (1:2,000; product code ab6721; 
Abcam) for 2 h at room temperature (7) Finally, the immu‑
noreactive signals were assessed using a Pierce™ EcL 
Western Blotting Substrate kit (Thermo Fisher Scientific, 
Inc.) according to the manufacturer's instructions. The relative 
intensities of the immunoblots were measured with a Versa 
doc™ MP 5000 molecular imager and Quantity One software 
(version 4.6) (both from Bio‑Rad Laboratories, Inc.).

Statistical analysis. Statistical analysis was performed 
using GraphPad Prism 7.0 (GraphPad Software, Inc.). 
Unpaired Student's t‑tests were used to compare two groups. 
comparisons among different groups were assessed using 
one‑way ANOVA followed by Tukey's post‑hoc test. All data 
are presented as the mean ± standard deviation (Sd) and all 
experiments were repeated three times. P<0.05 was considered 
to indicate a statistically significant difference.

Results

Apelin‑13 decreases the weight and blood glucose levels, 
and increases insulin levels of diabetic nephropathy rats 
at 8 weeks. The weight and blood glucose levels of rats were 
detected weekly during the process of raising them. The 
results (Fig. 1A and B) revealed that the weight and blood 

glucose levels of the rats in the Ap‑E40 and Ap‑E400 groups 
were not significantly altered after the injection of apelin‑13 
at 3 weeks. The same parameters in the rats of the Ap‑L40 and 
Ap‑L400 groups were decreased after the apelin‑13 injection 
at 8 weeks compared with that at 3 weeks. The levels of insulin 
in the blood were also decreased after the apelin‑13 injection 
at 8 weeks compared with that at 3 weeks (Fig. 1c).

Apelin‑13 therapy improves renal function of diabetic nephrop‑
athy rats. The increased BUN and Scr levels indicated the 
occurrence and development of renal injury (20). BUN and Scr 
levels were revealed to be higher after the apelin‑13 injection 
at 8 weeks compared with that at 3 weeks (Fig. 2A). Similarly, 
the urinary protein content and extent of pathological injury 
of renal tissues also revealed the same trends (Fig. 2B and c).

Apelin‑13 alleviates diabetic nephropathy by modulating the 
production of NO, AngⅡ and ET‑1. The expression of APJ was 
detected and the results (Fig. 3A) revealed that the expression 
of APJ in the renal tissues of rats was decreased after the 
apelin‑13 injection at 8 weeks compared with that at 3 weeks. 
NO production could relieve the diabetic nephropathy‑induced 
vascular damage in the renal tissue (21). Therefore, the produc‑
tion of NO, Ang II and ET‑1 was detected in the renal tissues. 
The results revealed that the levels of NO were decreased 
after the injection of apelin‑13 at 8 weeks compared with 
that at 3 weeks. However, the levels of Ang II and ET‑1 were 
increased after the injection of apelin‑13 at 8 weeks compared 
with that at 3 weeks (Fig. 3B and c). Next, the expression of 
eNOS and AT1R was detected by western blotting. As revealed 
in Fig. 4A, the expression of AT1R was suppressed after the 
injection of apelin‑13 at 3 and 8 weeks compared with the 
model group, respectively. The levels of eNOS were increased 
after the injection of apelin‑13 at 3 and 8 weeks compared with 
the model group.

Apelin‑13 alleviates diabetic nephropathy by modulating 
the expression of AT1R, endothelial nitric eNOS and renal 
fibrosis‑related proteins in APJ pathway. The expression of 
APJ was increased and that of TGBR was decreased after 
the injection of apelin‑13 at 3 and 8 weeks compared with 
the model group. The expression levels of the fibrosis‑related 
proteins, E‑cadherin and α‑SMA, were detected, and the results 
revealed that the expression of E‑cadherin was enhanced and 
the levels of α‑SMA were decreased after the injection of 
apelin‑13 at 3 and 8 weeks compared with the model group 
(Fig. 4B).

Apelin‑13 promotes proliferation and tube formation, and 
modulates the expression of renal fibrosis‑related proteins in 
the APJ pathway in short‑term high glucose‑induced renal 
vascular endothelial cells. hRGEc cells were cultured in 
high‑glucose medium for 24, 48 and 72 h. Next, a ccK‑8 assay 
was performed to detect cell viability. The results (Fig. 5A) 
revealed that treatment with apelin‑13 promoted cell viability. 
The application of apelin‑13 also promoted lumen formation 
(Fig. 5B). At 24 h of apelin‑13 treatment, it was revealed that 
the expression levels of APJ, eNOS and E‑cadherin were 
increased and the levels of TGBR, AT1R and α‑SMA were 
decreased compared with the model group (Fig. 5c).
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Apelin‑13 suppresses proliferation and tube formation, and 
modulates the expression of renal fibrosis‑related proteins 
in the APJ pathway in long‑term high glucose‑induced renal 
vascular endothelial cells. cells were treated with high‑glucose 
medium for 72 and 96 h, and interference with apelin‑13 began 
from 72 h. After 24 h, the ccK‑8 assay results revealed that 
the application of apelin‑13 supressed cell viability compared 
with the model group (Fig. 6A). Lumen formation was inhib‑
ited following treatment with apelin‑13 (Fig. 6B). In addition, 
treatment with apelin‑13 also promoted the expression of APJ, 
eNOS and E‑cadherin compared with the model group. The 
application of apelin‑13 also suppressed the expression of 
TGBR, AT1R and α‑SMA (Fig. 6c) compared with the model 
group in a dose‑dependent manner.

Discussion

diabetes is a metabolic disease and glucose metabolism 
disorder is its main clinical manifestation. In recent years, the 
incidence of this disease has been steadily increasing (22). 
diabetes leads to the damage and dysfunction of several 
organs. diabetes‑induced kidney damage is one of the most 
prominent causes of mortality in patients with diabetes (23). 
The main clinical manifestations of diabetic nephropathy have 
been revealed to be proteinuria and persistent decline in renal 
function (24). In addition, the occurrence and development 

of diabetic nephropathy have been revealed to promote the 
development of cardiovascular disease (25). Therefore, the 
need to develop a new therapy to suppress the damage caused 
by diabetic nephropathy in patients is urgent.

Apelin is a fat factor in adipose tissues. A recent study 
reported that apelin could relieve the clinical manifesta‑
tions of patients with diabetes by regulating blood glucose 
levels (26). Another recent study reported that apelin‑36 
could inhibit insulin secretion induced by high‑concentration 
glucose (16.7 mmol/l), but had no effect on insulin secretion 
induced by low‑concentration glucose (2.8 mmol/l) (27). In 
the bodies of obese and insulin‑resistant mice, apelin could 
relieve insulin resistance and restore the use of glucose in the 
body (28). However, in the field of diabetic nephropathy, a 
recent study reported that the levels of apelin and its receptor 
APJ in the serum of patients with diabetic nephropathy were 
increased, and higher levels of apelin and APJ promoted blood 
vessel formation and induced the proliferation of glomerular 
capillaries, thereby promoting the occurrence and develop‑
ment of diabetic nephropathy (29). However, a different study 
also indicated that apelin‑13 could inhibit the transformation 
of renal tubular epithelial cells in a high‑glucose environment, 
thereby inhibiting the occurrence and development of the EMT 
process in glomerular cells, ultimately delaying the occur‑
rence of diabetic nephropathy (30). In the present study, it was 
demonstrated that the use of apelin‑13 decreased the levels of 

Figure 1. Apelin‑13 relieves the insulin resistance of rats. (A) The weight of mice was detected weekly. (B) Blood glucose levels were detected weekly. 
***P<0.001 vs. the control group. #P<0.05, ##P<0.01 and ###P<0.001 vs. the Model group. (c) Levels of insulin were detected. *P<0.05, **P<0.01 and ***P<0.001 
vs. the After intervention 3w group.
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Figure 2. Treatment of apelin‑13 alleviates the diabetes‑induced kidney damage of rats. (A) The levels of blood urea nitrogen and serum creatinine were 
detected. (B) The urinary protein content was detected weekly. (c) The injury of kidney tissues was detected with the hematoxylin and eosin staining (magni‑
fication, x200). **P<0.01 and ***P<0.001 vs. the After intervention 3w group. BUN, blood urea nitrogen; Scr, serum creatinine.

Figure 3. Apelin‑13 activates the expression of APJ. (A) The expression of APJ in the kidney tissues was detected with the immunohistochemical assays 
(magnification, x200). (B) The production of NO was detected with the commercial kits. (C) Levels of Ang II and ET‑1 were determined with commercial 
kits. **P<0.01 and ***P<0.001 vs. the After intervention 3w group. APJ, angiotensin domain type 1 receptor‑associated proteins; NO, nitric oxide; Ang II, 
angiotensin II; ET‑1, endothelin‑1.
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Figure 4. Application of apelin‑13 promotes the expression of eNOS. (A) The expression of AT1R and eNOS was detected with the western blotting. (B) The 
levels of APJ, TGBR, E‑cadherin and α‑SMA in kidney tissues of rats were detected with western blotting. *P<0.05, **P<0.01 and ***P<0.001. eNOS, endothelial 
nitric oxide synthase; AT1R, Ang II type 1 receptor; APJ, angiotensin domain type 1 receptor‑associated proteins; TGBR, transforming growth factor β 
receptor; α‑SMA, α‑smooth muscle actin.
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Figure 5. Apelin‑13 alleviates the higher glucose‑induced injury of endothelial cells of glomerular vessels. (A) cell viability was detected with the cell counting 
Kit‑8 assay. (B) hRGECs were detected with the lumen formation experiments (magnification, x4). (C) The expression of AT1R, eNOS, APJ, TGBR, E‑cadherin 
and α‑SMA in these cells was determined with the western blotting. *P<0.05, **P<0.01 and ***P<0.001. AT1R, Ang II type 1 receptor; eNOS, endothelial nitric 
oxide synthase; APJ, angiotensin domain type 1 receptor‑associated proteins; TGBR, transforming growth factor β receptor; α‑SMA, α‑smooth muscle actin.

Figure 6. Apelin‑13 relieves the injury of endothelial cells of glomerular vessels by suppressing fibrosis. (A) Cell viability of endothelial cells of glomerular vessels was 
determined with Cell Counting Kit‑8 assay. (B) hRGECs were detected with the lumen formation experiments (magnification, x4). (C) The levels of AT1R, eNOS, APJ, 
TGBR, E‑cadherin and α‑SMA in these cells were determined with western blotting. *P<0.05, **P<0.01 and ***P<0.001. AT1R, Ang II type 1 receptor; eNOS, endothe‑
lial nitric oxide synthase; APJ, angiotensin domain type 1 receptor‑associated proteins; TGBR, transforming growth factor β receptor; α‑SMA, α‑smooth muscle actin.
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blood glucose and relieved insulin resistance in these rats, as 
well as reduced the urinary protein content. Apelin‑13 treat‑
ment also alleviated the considerable glucose‑induced damage 
in the endothelial cells of glomerular vessels. collectively, 
these results indicated that the use of apelin‑13 relieved the 
manifestations of diabetic nephropathy.

A previous study revealed that apelin could reduce blood 
glucose content by regulating the expression of eNOS and acti‑
vating the Akt pathway (31). The expression of apelin could also 
produce NO by activating APJ, therefore relieving the clinical 
manifestations of diabetic nephropathy (32). APJ is the receptor 
of apelin‑13, and apelin‑13 could exert its biological effects by 
binding to the APJ (33). In the present study, the production 
of NO and expression of eNOS and APJ were also detected. It 
was revealed that the expression levels of eNOS and APJ were 
enhanced in renal tissues and endothelial cells of glomerular 
vessels following treatment with apelin‑13. NO production was 
also enhanced in the renal tissues of rats following treatment 
with apelin‑13. These results indicated that apelin‑13 promoted 
the expression of eNOS by activating APJ. Therefore, higher 
levels of eNOS enhanced NO production, ultimately promoting 
vascular permeability and renal filtration.

Recent studies have indicated that renal fibrosis is a char‑
acteristic of diabetic nephropathy (34,35). The results of the 
present study revealed that the expression of E‑cadherin was 
enhanced in cells and renal tissues following treatment with 
apelin‑13, while that of α‑SMA was decreased. Apelin‑13 
treatment was also revealed to alleviate diabetic nephropathy 
by suppressing the fibrosis of renal tissues and endothelial 
cells of glomerular vessels.

In conclusion, the present study reported the effects of 
apelin‑13 on the development of diabetic nephropathy. The 
results of the present study revealed that apelin‑13 alleviated 
diabetic nephropathy by promoting the production of NO 
and relieving fibrosis in renal tissues. However, the present 
study also has a limitation. Oxidative stress and inflam‑
mation play important roles in the development of diabetic 
nephropathy (36‑40). Whether apelin‑13 improved diabetic 
nephropathy by reducing inflammation and oxidative stress 
warrants investigation in our future study.
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