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Abstract: Objective: To explore the efficacy of epalrestat (Ep) combined with alprostadil (Alp) in the treatment of
diabetic nephropathy (DN) and its impacts on renal fibrosis (RF) and inflammation and oxidative stress (OS)-related
factors. Methods: In this retrospective study, 120 patients with DN treated in the Cangzhou Central Hospital from
January 2020 to January 2021 were selected as the research subjects. Among them, 80 cases treated with Ep
combined with Alp were assigned to group A, and the rest 40 patients treated with Alp only were assigned to group
B. The two groups were compared with respect to the following items: serum OS indexes (malondialdehyde, MDA;
superoxide dismutase, SOD; total antioxidant capacity, TAOC), inflammatory factors (tumor necrosis factor-α, TNF-α;
interleukin-2, IL-2), RF index transforming growth factor-β1 (TGF-β1), urinary protein indexes (urinary albumin excretion, UAE; serum albumin, ALB), blood glucose (fasting blood glucose, FBG), fasting C-peptide, postprandial 2hC
peptide levels, overall response rate (ORR) and incidence of adverse reactions. Results: Compared with group B, the
levels of MDA, TNF-α, IL-2 and TGF-β1 were lower, while SOD and TAOC were higher in group A. In addition, ALB was
higher, while UAE and FBG were lower in group A as compared with group B. Moreover, group A had a higher ORR
and fewer adverse reactions as compared with group B. Conclusion: The combined therapy of Ep and Alp is more effective in the treatment of DN. This combination can effectively reduce RF and better alleviate inflammation and OS.
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Introduction
Diabetes mellitus (DM), as a kind of hyperglycemia caused by the defect of insulin secretion
and function, can be divided into type 1 or type
2 DM (T1DM/T2DM), and T2DM accounts for
the majority of cases [1, 2]. As the most common type of diabetes, this chronic metabolic
disorder has increased exponentially in the
vast number of the third world countries in
recent years [3]. The disease can easily lead to
multiple complications, which affect various
functions of patients, adversely influencing
patients’ quality of life [4, 5]. Approximately
40% of patients with diabetes will develop diabetic nephropathy (DN), a considerable proportion of whom will progress their condition into
end-stage renal disease, which is associated
with an increased risk of cardiovascular dis-

ease and a significant reduction in life expectancy [6, 7]. The comprehensive economic and
social cost of this disease is very high, which is
a concern of the world health system [8].
Therefore, the treatment of this disease is particularly important. In this study, we investigated the effects of two drugs, epalrestat (Ep) and
alprostadil (Alp), for the treatment of diabetes.
Alp is a prostaglandin-like drug and a derivative
of dihomo-gamma-linolenic acid with antiinflammation, potent vasodilation and collagenase inhibitor activity, which can inhibit platelet
aggregation, thromboxane secretion and vascular smooth muscle cell proliferation in vitro [9].
Studies have shown that Alp is highly effective
in the treatment of acute lung injury [10], acute
pancreatitis [11], and non-acute coronary syndromes [12]. Another drug Ep is one of the

Drug treatment of diabetic nephropathy
inhibitors of aldose reductase and the rate-limiting enzyme of polyol pathway [13], which has
a good therapeutic effect on common longterm complications of diabetes such as diabetic peripheral neuropathy [14]. However, no
scholar has yet tested the effects of the combined treatment of the two drugs on DN.
Accordingly, this study was conducted to clarify
the effect of the combination therapy of Ep and
Alp on DN through evaluating the degree of
renal fibrosis (RF), levels of inflammation and
oxidative stress (OS)-related factors, and overall response rate (ORR).
Methods
Research participants
The clinical data of 120 patients with DN treated in the Cangzhou Central Hospital from
January 2020 to January 2021 were retrospectively studied. Patients were assigned to the following two groups: group A (n=80) treated with
Ep combined with Alp, and group B (n=40)
treated with Alp monotherapy. All patients and
their families were informed about the treatment plan and signed an informed consent
form. This study was approved by the Ethical
Committee of Cangzhou Central Hospital.
Inclusion criteria: Patients’ conditions met the
diagnostic criteria of DN; Patients who were
confirmed to have DN and received treatment
in our hospital; Patients who were mentally
healthy and was able to reflect their discomfort;
Patients who had no significant differences in
general data. Exclusion criteria: Patients with
macular edema, cerebro-cardiovascular diseases, nephrotic syndrome, hypertonic syndrome, etc.; Patients with serious drug use contraindications; Patients with severe cardiopulmonary insufficiency or hepatic and renal dysfunction; Patients with mental disorders.
Research methods
The included patients all received routine treatment after admission, including blood glucose
(BG) and blood pressure control, anti-platelet
aggregation, lipid regulation, as well as vitamin
(B1, C, and B12) supplementation. On the basis
of the routine treatments, patients in group B
received 10 μg Alp injection (Benxi Hengkang
Pharmaceutical Co., Ltd., China, SFDA Approval
No. H20093175) with 100 mL of normal saline
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intravenously, once a day for 2 weeks. While
patients in group A were treated with additional Ep (Yangtze River Pharmaceutical Group
Nanjing Hailing Pharmaceutical Co., Ltd., China,
SFDA Approval No. H20040012), per os, 50 mg
each time, 3 times a day, for 2 consecutive
weeks.
Detection indicators
Serum OS indexes: Before and after treatment,
venous blood was collected from patients to
detect and compare serum levels of OS indexes
malondialdehyde (MDA), superoxide dismutase
(SOD) and total antioxidant capacity (TAOC)
between the two groups. The methods used
to measure MDA, SOD, and TAOC were thiobarbituric acid assay, xanthine oxidase assay,
and Fe3+/Fe2+ chemical method, respectively,
with the kits all purchased from SenBeiJia
Biological Technology Co., Ltd., China.
Inflammatory factors and fibrosis index: Before
and after treatment, venous blood was collected from patients to measure the levels of
inflammatory factors including tumor necrosis
factor-α (TNF-α), interleukin-2 (IL-2) and fibrosis
index transforming growth factor-β1 (TGF-β1)
using enzyme-linked immunosorbent assay
(ELISA) kits (Shanghai Hengyuan Biotechnology
Co., Ltd., China, Cat. No: HY20107E, HY20003E,
and HY20108E).
Urine protein indexes and BG control: Before
and after treatment, urinary albumin excretion
(UAE), serum albumin (ALB) and fasting blood
glucose (FBG) of both groups were quantified.
C-peptide determination: C-peptide was detected before and 1 day after treatment in
both groups by using the radioimmunoassay
kit (Diagnostic Products Corporation, Tianjin,
China). The intra-assay and inter-assay coefficients of variation were 4.4% and 9.8%, respectively. The fasting C-peptide and postprandial 2
h C-peptide levels in the venous blood of
patients were measured.
ORR: The ORR of both groups was measured
after treatment. Markedly effective: after treatment, all urinary function indexes were restored
to an ideal state, with no edema, and the renal
function returned to normal; Effective: after
treatment, all urinary function levels were
reduced, with no edema and basically stable
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Table 1. General information of the two groups [n(%) (mean ± SD)]
Variables
Group A (n=80) Group B (n=40) t/χ value
Average age (years) 54.27±4.55
54.56±4.21
0.44
BMI (kg/m2)
24.54±1.44
25.63±1.27
0.34
Sex
0.07
Male
42 (52.50)
22 (55.00)
Female
38 (47.50)
18 (45.00)
Eating habits
0.31
Light
24 (30.00)
14 (35.00)
Heavy
56 (70.00)
26 (65.00)
Drinking
0.05
Yes
60 (75.00)
28 (70.00)
No
20 (25.00)
12 (30.00)
Smoking
0.27
Yes
44 (55.00)
24 (60.00)
No
36 (45.00)
16 (40.00)
Hypertension
0.27
Yes
40 (50.00)
22 (55.00)
No
40 (50.00)
18 (45.00)
2

Note: BMI: body mass index.

P value
0.659
0.738
0.796

0.579

0.815

0.602

0.605

Serum OS indexes of group
A were better than those of
group B
The comparison of serum
OS indexes revealed no significant difference in MDA,
SOD and TAOC levels between group A and group B
before treatment (P>0.05).
After treatment, MDA decreased, while SOD and TAOC increased in both groups (P<0.05), and compared with group B, MDA was
lower and SOD and TAOC
were higher in group A (P<
0.05). These results indicated that the serum OS indexes of patients in group A
were better than those in
group B after treatment. See
Figure 1.

renal function; Ineffective: failure to meet the
above conditions.

Levels of inflammatory factors in group A decreased faster than those in group B

Incidence of adverse reactions: Adverse reactions during treatment such as cough, abnormal transaminase, rash and gastrointestinal
tract abnormalities were observed in the two
groups.

The levels of inflammatory factors and fibrosis
indexes were also compared. The levels of
inflammatory factors TNF-α and IL-2 and fibrosis index TGF-β1 showed no significant differences between group A and group B before
treatment (P>0.05). After treatment, the levels
of the above indexes reduced significantly in
both groups (P<0.05), and were lower in group
A than those in group B (P<0.05). It indicated
that the levels of inflammatory factors in group
A treated with combination therapy decreased
faster than those in group B treated with monotherapy. See Figure 2.

Statistical analysis
SPSS 22.0 (EASYBIO Company, China) was
used for statistical analysis of the collected
data. The comparison of counting data between
the two groups was performed by the χ2 test.
The comparison of measurement data (mean ±
standard deviation) between the groups was
performed by the independent samples t-test.
GraphPad Prism 8 software was used to draw
the experimental images. Significance was
determined at P<0.05.
Results
General information
There was no significant difference in general
data such as average age, sex, body mass
index (BMI), drinking history and smoking history between the two groups (P>0.05), indicating comparability. See Table 1.
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Urine protein indexes and BG control in group
A were better than those in group B
The comparison of urine protein indexes and
BG showed no significant difference between
the two groups before treatment (P>0.05).
After treatment, UAE and FBG were reduced,
while ALB was increased in both groups
(P<0.05). Compared with group B, UAE and FBG
were lower while ALB was higher in group A
(P<0.05). It showed that the urine protein and
BG of group A were better than those of group
B after treatment. See Figure 3.
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Figure 1. Levels of serum oxidative stress indicators
of patients in the two groups. A. MDA: The level of
MDA in group A was significantly lower than that in
group B after treatment. B. SOD: The level of SOD in
group A was significantly lower than that in group B
after treatment. C. TAOC: The level of TAOC in group
A was significantly higher than that in group B after
treatment. Note: #indicates P<0.05 vs. before treatment; *indicates P<0.05 vs. group B after treatment.

The level of C-peptide recovered better in
group A than that in group B
No significant difference was observed in fasting C-peptide and postprandial 2 h C-peptide
levels between group A and group B before
treatment (P>0.05). After treatment, the fasting C-peptide and postprandial 2 h C-peptide
levels increased in both groups (P<0.05), and
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Figure 2. Levels of inflammatory factors and fibrosis index of patients in the two groups before and
after treatment. A. TNF-α: The expression of TNF-α in
group A was significantly lower than that in group B
after treatment. B. IL-2: After treatment, the expression of IL-2 in group A was significantly lower than
that in group B. C. TGF-β1: The expression of TGF-β1
in group A was significantly lower than that in group
B after treatment. Note: &indicates P<0.05 vs. before
treatment; #indicates P<0.05 vs. group B after treatment.

were higher in group A than those in group B
(P<0.05). It suggested that the level of C-peptide in group A recovered better than that in
group B. See Figure 4.
The ORR in group A was higher than that in
group B
The comparison of the curative effect after
treatment showed that the ORR was significantly higher in group A than that in group B
(P<0.05). It indicated that the ORR was signifi-
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Discussion
DN, as a common complication of T2DM,
affects the mortality of patients with diabetes
[15]. Patients in the later stage often show glomerular sclerosis and renal tubulointerstitial
fibrosis, which are clinical manifestations of
renal function loss and may eventually progress into end-stage renal disease [16, 17].
Treatment of this disease, which imposes a
heavy burden on the health system, has
focused on controlling blood pressure, blood
sugar, and urinary protein [18]. In this research,
we further verified the effects of Ep combined
with Alp on DN by detecting inflammation, fibrosis, OS and other related indicators.

Figure 3. Urinary protein indexes and blood glucose
control of patients in the two groups before and after
treatment. A. UAE: The level of UAE in group A was significantly lower than that in group B after treatment.
B. FPG: The level of FPG in group A was significantly
lower than that in group B after treatment. C. ALB:
The level of ALB in group A was significantly higher
than that in group B after treatment. Note: &indicates
P<0.05 vs. before treatment; #indicates P<0.05 vs.
group B after treatment.

cantly improved after the combination therapy.
See Table 2.
The incidence of adverse reactions in group A
was lower than that in group B
After comparison, it was found that the incidence of adverse reactions was significantly
lower in group A than that in group B (P<0.05).
It suggested that compared with group B, group
A had fewer adverse reactions and a higher
safety profile. See Table 3.
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According to our results, group A (combined
therapy) had a significantly higher ORR than
group B (Alp monotherapy). In terms of urinary
protein indexes, UAE was lower and ALB was
higher in group A compared with group B after
treatment. From the perspective of BG control,
the FBG level was lower in group A than that in
group B. Furthermore, the levels of fasting
C-peptide and postprandial 2 h C-peptide in
group A were lower than those in group B.
Urinary protein is closely correlated with renal
function. For example, ALB can be found in
blood and blocked by the kidney, with a very low
content in urine. A decrease in ALB in the blood
and an increase in the urine indicate a serious
problem of kidney function [19, 20]. Elevated
levels of BG, such as FGB, which is usually
caused by an unhealthy diet, not only indicate
the severity of the disease, but can also lead to
other complications such as diabetic retinopathy [21]. Besides, the decrease of BG level and
the increase of C-peptide level related to islet
function suggested improved islet function and
better outcomes [22, 23]. Combined with the
results of this study, it can be seen that Ep combined with Alp is indeed better than Alp alone.
Alp has been shown to be effective in the treatment of nephropathy due to its beneficial effect
of dilating blood vessels and alleviating inflammation [24]. It can effectively dilate blood vessels, directly act on the glomerular arteries and
smooth muscles after spasm caused by elevated blood glucose, and mitigate inflammatory
reaction. Moreover, Alp plays a certain role in
inhibiting OS and fibrosis, albeit with no significant effects [25]. In addition to Alp, aldose
Am J Transl Res 2022;14(5):3172-3179
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urinary protein, and inhibiting
inflammation.

Figure 4. Changes of C-peptide levels of patients in the two groups before
and after treatment. A. Fasting C-peptide: the level of fasting C-peptide in
group A was significantly higher than that in group B after treatment. B.
Postprandial 2 h C-peptide level: the level of postprandial 2 h C-peptide in
group A was significantly higher than that in group B after treatment. Note:
&
indicates P<0.05 vs. before treatment; #indicates P<0.05 vs. group B after
treatment.

Table 2. Overall response rate of the two groups after treatment
Markedly effective
Effective
Ineffective
Overall response rate

Group A (n=80)
52 (65.00)
26 (32.50)
2 (2.50)
78 (97.50)

Group B (n=40)
χ2
P
22 (55.00)
10 (25.00)
8 (20.00)
32 (80.00)
10.29 0.001

Table 3. Incidence of adverse reactions in the two groups after
treatment
Group A Group B
χ2
P
(n=80)
(n=40)
Cough
3 (3.75) 4 (10.00)
Abnormal transaminase
0 (0.00) 2 (5.00)
Rash
0 (0.00) 1 (2.50)
Gastrointestinal tract abnormalities 1 (1.25) 3 (7.50)
Incidence of adverse reactions
4 (5.00) 10 (25.00) 10.35 0.001

reductase inhibitors such as Ep can also be
used to treat DN [26, 27]. Evidence has shown
that Ep can alleviate RF, with a significant influence on urinary protein indexes and BG and
certain effects on inflammation and vasoconstriction [28]. The results of this study showed
that patients in group A who received the combined treatment of Ep and Alp showed much
better inflammatory response and OS response
than those in group B, attributing to the combination of the dual benefits of the two drugs.
Also, Ep can alleviate RF and better ease vasoconstriction. Therefore, combined with Alp, Ep
can better inhibit the RF of DN. Taken together,
Ep combined with Alp can better treat diabetes
by significantly reducing RF, alleviating the
degree of OS reaction, improving the level of
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This study still has some limitations to be addressed. Due
to limited conditions, we did
not carry out urine tests but
blood tests. Meanwhile, we
failed to investigate whether
the patients followed the
doctor’s advice or cooperated
with the treatment, and whether they were satisfied with
the treatment. These factors
may affect the experimental
results to some extent, so
future treatment scheme can
be improved in these regards.
In future studies, we will try to
improve the treatment plan
while improving research conditions, so as to better understand the pathological mechanism of the disease and provide patients with better treatment experience.
To sum up, Ep combined with
Alp has better curative effects on DN than Alp alone, and
can alleviate RF, inflammation
and OS, so the combined treatment is worthy of clinical
promotion.
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