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Abstract: Background: Macrovascular lesions are the main cause of death and disability in
diabetes mellitus, and excessive accumulation of cholesterol and lipids can lead to long-term
and repeated damage of vascular endothelial cells. Umbilical cord mesenchymal stem cells
(UCMSCs) can attenuate vascular endothelial damage in type 1 diabetic mice, while Fufang
Xueshuantong capsule (FXC) has a protective effect on endothelial function; however, whether
FXC in combination with UCMSCs can improve T2DM macrovascular lesions as well as its
mechanism of action are not clear. Therefore, the aim of this study was to reveal the role of
FXC + UCMSCs in T2DM vasculopathy and their potential mechanism in the treatment of
T2DM.
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Methods: The control and T2DM groups were intragastrically administered with equal amounts
of saline, the UCMSCs group was injected with UCMSCs (1x105, resuspended cells with 0.5
mL PBS) in the tail vein, the FXC group was intragastrically administered with 0.58 g/kg FXC,
DOr: and the UCMSCs + FXC group was injected with UCMSCs (1 x10°%) in the tail vein, followed
102174/0118715303251692231112150225 by FXC (0.58 g/kg), for 8 weeks.

@ CrossMark
BY

Received: March 23, 2023
Revised: August 30, 2023
Accepted: September 28, 2023

Results: We found that FXC+UCMSCs effectively reduced lipid levels (TG, TC, and LDL-C)
and ameliorated aortic lesions in T2DM rats. Meanwhile, Nrf2 and HO-1 expression were up-
regulated. We demonstrated that inhibition of Nrf-2 expression blocked the inhibitory effect of
FXC+UCMSCs-CM on apoptosis and oxidative stress injury.

Conclusion: Our data suggest that FXC+UCMSCs may attenuate oxidative stress injury and
macroangiopathy in T2DM by activating the Nrf-2/HO-1 pathway.

Keywords: Type 2 diabetes mellitus, umbilical cord mesenchymal stem cells, Fufang Xueshuantong capsule, oxidative stress,
vascular lesions, apoptosis.

1. INTRODUCTION In addition, after the glycemia of T2DM is controlled,
macroangiopathy may still occur, and it is also a major cause
of death and disability in diabetic patients, and about 75%-
80% of T2DM patients die from macroangiopathy [4, 5].
Currently, the main treatment strategy for T2DM is to lower
blood glucose to minimize the toxicity of hyperglycemia to
the organism [6]. However, excessive aggregation of choles-
terol, lipids, and inflammatory factors leads to long-term and
repeated damage to vascular endothelial cells, which eventu-
ally leads to the development of diabetic macroangiopathy
[7]. Therefore, it is necessary to explore new therapeutic
strategies for T2DM.

Type 2 diabetes mellitus (T2DM) is a systemic metabolic
disease that poses a long-term threat to health and imposes a
huge economic burden on patients. It is characterized by
insulin resistance, resulting in high blood sugar [1]. Current-
ly, the number of people worldwide with T2DM is increas-
ing exponentially due to various factors, such as an aging
population, unhealthy eating habits, and lack of physical
activity [2]. Studies have reported that prolonged hypergly-
cemia can cause a variety of complications of diabetes melli-
tus, among which macroangiopathy is the most common [3].

Umbilical cord mesenchymal stem cells (UCMSCs) are

*Address correspondence to this author at the Department of Urology,

Hebei Provincial Hospital of Chinese Medicine, Shijiazhuang, China,
E-mail: Liyz@hebcm.edu.cn

2212-3873/24

adult stem cells with multiple differentiation potentials [8].
Previous studies have found that UCMSCs infusion has the
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effect of improving insulin resistance in T2DM [9]. It can
also be used to attenuate vascular endothelial injury in type 1
diabetic mice by inhibiting the hyperglycemia-induced ad-
vanced glycosylation end products (AGEs)/receptor for ad-
vanced glycosylation end products (RAGE) pathway [10].
Furthermore, practice has proven that traditional Chinese
medicine (TCM) is not only effective in the prevention and
treatment of diabetes, but also less toxic and with less ad-
verse reactions. As a result, TCM has been widely used in
the treatment of diabetes [9]. Fufang Xueshuantong capsule
(FXC) is a TCM formula composed of four herbs, including
Sanqi (Panax notoginseng), Huangqi (Astragalus membra-
naceus), Dansheng (Salvia miltiorrhiza), and Xuansheng
(Scrophularia ningpoensis) [11]. Long-term and extensive
clinical applications have confirmed that FXC could exert
significant effects on fundus, cardiovascular, and cerebro-
vascular occlusive diseases [11, 12]. Our previous study
found that FXC could effectively increase the serum levels
of nitric oxide (NO), endothelial-type nitric oxide synthase
(eNOS), and reduce the levels of endothelin-1 (ET-1), which
protected the vascular endothelial function in T2DM model
rats [13]. However, whether FXC combined with UCMSCs
is synergistically effective in T2DM macrovascular lesions
has not been investigated.

Nuclear factor NF-E2-related factor 2 (Nrf-2) is a key
factor in oxidative stress that binds to an enhancer sequence
of the antioxidant response element (ARE) to form the Nrf-
2/ARE pathway [14]. The high glucose state produces exces-
sive reactive oxygen species (ROS), which can activate the
Nrf-2/ARE pathway and induce a series of protective pro-
teins, such as heme oxygenase 1 (HO-1), to alleviate the
damage suffered by the cells, and the activated Nrf-2/HO-1
signaling pathway can play an antioxidant role to promote
the healing of diabetic wounds [15]. Furthermore, evidence
suggests that Nrf-2 agonists are effective in protecting the
organism from diabetic complications [16]. However,
Nrf2/HO-1 as an entry point to explore the role of FXC+
UCMSCs in ameliorating T2DM macrovascular lesions has
not been demonstrated. To explore the effects and mecha-
nism of FXC combined with UCMSCs to improve macroan-
giopathy in T2DM, in this study, we observed the effects of
FXC combined with UCMSCs on metabolic capacity, histo-
pathological changes, oxidative stress, apoptosis, and Nrf-
2/HO-1 signaling pathway in T2DM rats. Moreover, the ef-
fects of UCMSCs-CM and FXC-containing serum on cell
activity, apoptosis, and oxidative stress, and the effect of
inhibiting Nrf-2 expression on the therapeutic effect of
UCMSCs-CM combined with FXC-containing serum were
also analyzed. Also, the potential regulatory role of FXC
combined with UCMSCs in T2DM macroangiopathy has
been analyzed, which could be helpful for the treatment of
T2DM macroangiopathy.

2. MATERIALS AND METHODS
2.1. Animals

SPF-grade SD rats (weight 180-220 g) were purchased
from Hebei Medical University and housed at 23 + 2°C and
50 = 5% humidity. The experiments conducted were in ac-
cordance with the guidelines of the Hebei Provincial Labora-
tory Animal Management Committee. The study was also
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approved by the Experimental Animal Management Com-
mittee of Hebei Medical University (IACUC-Hebmu-p-
2021076, date: 2021-04-15).

2.2. Experimental Design

Ten rats were randomly selected from fifty SD rats as the
control group and were given standard chow (Bio PIKE,
China), and the remaining rats were given high-fat chow
(with 60 kcal% fat, Bio PIKE, China). All rats were weighed
once a week. After eight weeks, the rats fed a high-fat diet
were made to fast for 12 h. Then, streptozotocin (STZ, Sig-
ma) 35 mg/kg was injected into the tail vein, and random
blood glucose was measured in the tail vein every other day,
and blood glucose >16.7 mmol/L for 3 consecutive days was
considered as successful modeling of T2DM. No rats died
during the modeling process, and the high-fat feeding was
continued for eight weeks. The rats with successful models
were randomly divided into a model group (T2DM, #=10),
Fufang Xueshuantong capsule group (FXC, »=10), umbilical
cord mesenchymal stem cells group (UCMSCs, #n=10), and
Fufang Xueshuantong capsule + umbilical cord mesenchy-
mal stem cells group (FXC+ UCMSCs, »=10). Then, equal
amounts of saline were administered intragastrically to the
control and T2DM groups; the UCMSCs group was injected
with UCMSCs (1x10° resuspended cells with 0.5 mL PBS,
Gibco) in the tail vein, the FXC group was intragastrically
administered with 0.58 g/kg FXC (Zhongsheng Pharmacy,
China), and the UCMSCs+FXC group was injected with
UCMSCs (1x10% in the tail vein, followed by FXC (0.58
g/kg), for 8 weeks. The body weight and blood glucose of
rats were monitored weekly. The typical human daily dose of
FXC is 4.5 g per 50 kg body weight, and according to the
formula: dy; = dhuman X0.71/0.11, the dose of FXC for rat is
0.58 g/kg/day [17].

2.3. Sample Collection

Subsequently, sodium pentobarbital was administered by
35 mg/kg intraperitoneal injection to anesthetize rats, blood
was taken from the abdominal aorta, and the supernatant was
isolated (3000 r/min, 4°C) and stored at -80°C for further
analysis. Aortic tissue was taken, and a portion was cut and
fixed with 4% paraformaldehyde for pathological observa-
tion, while the remaining aorta was stored in the refrigerator
at -80°C for molecular detection.

2.4. Histopathological Observation

The aortic tissues were placed in 4% paraformaldehyde,
fixed and then dehydrated using an alcohol gradient, fol-
lowed by paraffin-embedded sections (5 pm). The paraffin
sections were dewaxed in xylene, covered with alcohol,
stained with hematoxylin, fractionated with acetic acid, and
then stained with ecosin and methylene blue; the fixed
amounts were dehydrated and observed under the micro-
scope (Pannoramic 250, Danjier, China). TUNEL staining
was used to observe apoptosis in aortic tissue.

2.5. Immunofluorescence Staining

For immunofluorescence staining of Nrf-2, aortic tissues
were fixed with 4% paraformaldehyde, paraffin-embedded,
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conventionally sectioned (5 pm), closed with 3% H,0, for
10 min, and incubated with Nrf-2 antibody (1:50, Bioss,
China) at 4°C overnight, and then secondary antibody
(1:1000, GB22303, Servicebio) was added for 30 min at
37°C. Histological examination was performed on a fluores-
cence scanning microscope (P250 FLASH, Danjier, China),
and the relative expression of Nrf-2 was quantified.

2.6. Preparation of FXC-containing Serum

20 SPF-grade SD rats weighing 180-220 g were selected,
and 10 rats were randomly selected for intragastric admin-
istration of FXC at 0.58 g/kg for 5 d. Blood was collected
and centrifuged to obtain FXC-containing serum. The other
10 rats were given an equal volume of saline, and the nega-
tive control serum was obtained by centrifugation after blood
collection.

2.7. Preparation of Umbilical Cord Mesenchymal Stem
Cells Conditioned Medium

UCMSCs were inoculated into conventional 6-well plates
at 2x10°/mL, and the culture supernatant was collected after
24 h. The culture supernatant was centrifuged at 1500 r/min
for 5 min, filtered through 0.22 um filter as umbilical cord
mesenchymal stem cells conditioned medium (UCMSCs-
CM), and stored at -20°C.

2.8. Cell Culture

HUVEC cells (Shanghai Tongpai Biotechnology Co.,
Ltd.) were cultured in a DMEM medium containing 10%
fetal bovine serum, 100 U/mL penicillin, 100 pg/mL strep-
tomycin, 40 pU/L insulin, 40 U/mL heparin, and 1% non-
essential amino acids. The cultured cells were incubated at
37°C, 5% CO,, and saturated humidity. When the cells grew
to 70% to 80% fusion, the passages became digested.
HUVEC cells at the logarithmic growth stage were inoculat-
ed in 6-well culture plates, and after 24 h of inoculation, the
cells were treated with different concentrations of FXC-
containing serum (0%, 5%, 10%, 15%, 20%, 25%), and the
most suitable concentration of FXC serum was selected for
the following experiments.

2.9. Cell Intervention

Logarithmic growth phase HUVEC cells were inoculated
in 6-well culture plates and divided into 6 groups: control
group (control), high-sugar group (HS), negative control
serum + high sugar group (NC+HS), optimal concentration
of serum containing FXC group (FXC), UCMSCs-CM group
(UCMSCs-CM), and optimal concentration of serum con-
taining UCMSCs-CM group (FXC+UCMSCs-CM). The
control group was given 5.5 mmol/L glucose, the HS group
was given 33 mmol/L glucose, the NC+HS group was given
33 mmol/L glucose+25% negative control containing nega-
tive control serum concentration, the FXC group was given
33 mmol/L glucose+25% FXC-containing serum concentra-
tion, the UCMSCs-CM group was given 33mmol/L glucose
and cultured in UCMSCs-CM, and the FXC+UCMSCs-CM
group was given 33 mmol/L glucose +FXC (25%) and cul-
tured in UCMSCs-CM.
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2.10. Cell Transfection

Logarithmic growth phase HUVEC cells were inoculated
in 6-well culture plates and divided into 4 groups of si-NC,
si-Nrf2-1, si-Nrf2-2, and si-Nrf2-3, for screening of a siRNA
with the best interference efficiency using qRT-PCR. Subse-
quently, the cell groups were set as follows: control group
(control), high-sugar group (HS), negative control serum +
high-sugar group (NC+HS), optimal concentration of serum
containing UCMSCs-CM  group (FXC+UCMSCs-CM),
FXC+UCMSCs-CM+si-Nrf-2, and FXC+UCMSCs-CM+si-
NC group. Lipofectamine 2000 was used according to the
manufacturer's instructions. Cells were analyzed 48 hours
after transfection.

2.11. Biochemical Analysis

Serum levels of high-density lipoprotein cholesterol
(HDL-C), low-density lipoprotein cholesterol (LDL-C), tri-
glycerides (TG), and total cholesterol (TC) were measured
using the respective kits (NJJCBio, China). In addition, the
levels of superoxide dismutase (SOD), malondialdehyde
(MDA), and glutathione peroxidase (GSH-Px) in aortic tis-
sues and cells were measured by ELISA with a double anti-
body sandwich enzyme-linked immunosorbent method
(ZCIBIO, Shanghai). All operations were performed in strict
accordance with the manufacturer's protocol, and each sam-
ple was repeated three times.

2.12. Cell Counting Kit-8 Assay

Cells from different treatment groups were incubated at
37°C in 5% CO, for 24 h. Subsequently, the Cell Count Kit-8
(Dojindo Laboratories, Kumamoto, Japan) was used to deter-
mine the proliferation of cells according to the operation man-
ual. The absorbance was recorded at 450 nm using a micro-
plate reader (Thermo Fisher Scientific, Waltham, MA, USA).

2.13. Flow Cytometry

Cells from different treatment groups were incubated at
37°C in 5% CO, for 24 h. Subsequently, cell apoptosis and
ROS content were detected by flow cytometry kit (Sigma
Aldrich), respectively.

2.14. Reverse Transcription-Quantitative Polymerase
Chain Reaction (RT-qPCR)

The total RNA was extracted from cells using the TRIzol
kit (Invitrogen) according to the manufacturer's instructions.
Total RNA was taken and reverse transcribed to synthesize
cDNA. Gene expression levels were quantified using TB
Green™ Premix Ex Taq™ Il (Tli RNaseH Plus) with B-actin
as an internal reference. The PCR amplification reaction
conditions were as follows: 95°C pre-denaturation for 10
min, 95°C denaturation for 15 s, and 60°C annealing exten-
sion for 45 s, all carried out for 40 cycles. Primer sequences
(Sangon, Shanghai) used are as follows: Nrf-2: forward pri-
mer (5’-3’) GCTGTGCCTATGTCTCAGCCTCTTCT, re-
verse primer (5°-3”) GGTGGTTTGTGAGTGTGAGGGTCT
GG; B-actin: forward primer (5°-3") GAAGATCAAGATC
ATTGCTCC, reverse primer gS’—3’) TACTCCTGCTTGCT
GATCCA. The formula Q= 24T was used to calculate the
relative expression of mRNA.
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Fig. (1). Effect of FXC combined with UCMSCs on the metabolism of diabetic rats; changes in body weight and blood glucose in each group
of rats. Data are shown as mean = SD. "p <0.05, "p <0.01 compared to the control group; "p <0.05, *p <0.01 compared to the T2DM group;

4p <0.05, **p <0.01 compared to 1 week.

2.15. Western Blot Analysis

Proteins were extracted from cells using radioimmuno-
precipitation assay buffer (RIPA) (Servicebio, China). The
protein concentrations were then quantified using the BCA
protein assay kit (Beyotime, China) and subjected to SDS-
PAGE electrophoresis. The anti-Nrf-2 antibody (ab137550)
and anti-HO-1 antibody (ab223349) obtained from Abcam
(UK) were utilized for immune reaction. Finally, a chemilu-
minescence detection system was used to detect the samples,
and ImagelJ software (Image-J, National Institutes of Health,
USA) was used to quantify the intensity of the bands; PARP
or B-actin was used as an internal reference.

2.16. Statistical Analysis

Data were statistically analyzed using SPSS 19.0 soft-
ware (SPSS Inc., Chicago, USA), and the Shapiro-Wilk test
was used to verify whether the data conformed to normal
distribution, and the measurements that conformed to normal
distribution were expressed as the mean =+ standard deviation
(mean£SD). One-way ANOVA was used for between-group
comparisons, and a logarithmic transformation was per-
formed when the data distribution did not conform to normal
distribution, and the transformed data were subjected to one-
way ANOVA. Among the data, when the variance was ho-
mogeneous, the LSD- test was used for two-to-two compar-
isons between the groups, and when the variance was not
homogeneous, Tamhane's T2 test was used for two-to-two
comparisons between the groups. p <0.05 was considered as
a statistically significant difference.

3. RESULTS

3.1. Effect of FXC Combined with UCMSCs on the
Metabolism of Diabetic Rats

Long-term abnormalities of glucose-lipid metabolism in
diabetes cause pathological changes in the kidney, and
diabetic nephropathy is one of the most common and serious
microvascular complications of diabetes. Firstly, the effects
of FXC in combination with UCMSCs on the metabolism
of diabetic rats were investigated. The results showed the
body weight of rats in the FXC, the UCMSCs, and the
FXC+UCMSCs groups to be significantly increased at 6 and
8 weeks compared to the T2DM group (p <0.05, Fig. 1), and
blood glucose was also observably reduced at 6 and 8 weeks
in the FXC, the UCMSCs, and the FXC+UCMSCs groups of
rats (p <0.05, Fig. 1). Compared to 1 week after administra-
tion, the T2DM group showed a gradual decrease in body
weight over time, whereas the FXC, the UCMSCs, and the
FXC+UCMSCs groups showed a significant increase in
body weight and a significant decrease in blood glucose after
8 weeks of administration (p <0.05, Fig. 1). In addition,
the levels of TG, TC, and LDL-C were markedly lower (p
<0.05, Table 1) in the UCMSCs and FXC+UCMSCs groups
compared to the T2DM group, indicating that the metabolic
capacity of rats with T2DM was weaker than that of the con-
trol group. However, FXC, UCMSCs, and FXC+UCMSCs
had a significant effect on the metabolic capacity of T2DM
rats.
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Table 1. Blood lipid of each group of rats (n=10).
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Groups TG (mmol/L) TC (mmol/L) HDL-C (mmol/L) LDL-C (mmol/L)
Control 0.88+0.02 2.1940.25 1.7040.29 0.3340.09
T2DM 79141317 3.9140.56” 0.4940.09™ 2.98+0.76"
FXC 5.99+1.50" 2.74+0.24 0.5940.16™ 1.8340.20"
UCMSCs 4.35+1.23"% 2.38+0.37% 0.7120.06™ 1.09+0.37%
FXC+UCMSCs 1.5740.51% 2.25+0.13% 1.08+0.15"% 0.95+0.25%

Note: Data are shown as mean = SD.  p <0.01 compared to the control group; “p <0.05, “p <0.01 compared to the T2DM group.

Control T2DM FXC

k=)

i —

SCs

30+
*x%
S
»n 20
'g ol
a
o
g
— 104
8 *kp
0-
S &N L o
F o F
& < >
(@) QQ XQQ

UCMSCs  FXC+UCMSCs +Q
<

Fig. (2). Effect of FXC combined with UCMSCs on the aorta of diabetic rats. (A) Aortic tissue was observed by HE staining, magnification:
%200 and x400; (B) Apoptosis in aortic tissue was observed by TUNEL staining, magnification: x400. Data are shown as mean + SD. "'p
<0.01 compared to the control group; "p <0.05, #p <0.01 compared to the T2DM group. (4 higher resolution / colour version of this figure is

available in the electronic copy of the article).

3.2. Effect of FXC Combined with UCMSCs on the Aorta
of Diabetic Rats

Hyperglycemia promotes vascular complications, the
pathology of which often involves blood vessels; thus, we
observed the effects of FXC combined with UCMSCs on the
aorta of diabetic rats; histopathological and apoptotic anal-
yses of the rats were performed. The results found that com-
pared to the control group, a large number of endothelial
cells were swollen and shed in aortic tissue (Fig. 2A), and
apoptosis was also significantly increased in aortic tissue (p
<0.01, Fig. 2B) of T2DM rats. However, a small number of
endothelial cells in aortic tissue were slightly swollen, and

apoptosis was significantly reduced in the FXC, UCMSCs,
and FXC+UCMSCs groups than in the T2DM group (p
<0.05), demonstrating that FXC, UCMSCs, and FXC+
UCMSC:s treatments were able to protect the aorta of T2DM
rats.

3.3. Effect of FXC Combined with UCMSCs on Oxidative
Stress in Diabetic Rats

Effective inhibition of oxidative stress in diabetic patients
attenuates diabetes; to further verify the effect of FXC com-
bined with UCMSCs on oxidative stress in diabetic rats, rel-
evant parameters were investigated by ELISA. The present
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Fig. (3). Effect of FXC combined with UCMSCs on oxidative stress in diabetic rats; the levels of MDA, GSH-Px, and SOD in aortic tissue.
Data are shown as mean =+ SD. “p <0.05, “"p <0.01 compared to the control group, “p <0.05, p <0.01 compared to the T2DM group.

results displayed the level of MDA in the aortic tissue to be
increased and the levels of SOD and GSH-Px as decreased in
the T2DM group compared to the control group (p <0.01).
Compared to the T2DM group, MDA levels were markedly
decreased, and the levels of SOD and GSH-Px were dramati-
cally increased in the aortic tissue of rats in the
FXC+UCMSCs group (p <0.01). It was observed that
FXC+UCMSCs attenuated oxidative stress damage caused
by T2DM (Fig. 3).

3.4. Effects of FXC Combined with UCMSCs on Nrf-
2/HO-1 Signaling Pathway and Apoptosis-related Protein
Expression in Diabetic Rats

Nrf-2/HO-1 signaling pathway is closely related to oxida-
tive stress; in this regard, we used an immunofluorescence
assay to detect the expression of Nrf-2 in rat aortic tissues,
and the protein expressions of HO-1, cleaved caspase-3, Bcl-
2, and Bax in aortic tissue were detected by Western blot.
The results showed the expressions of Nrf-2, HO-1, and Bcl-
2 to be significantly decreased in aortic tissue, and the ex-
pressions of cleaved caspase-3 and Bax were markedly in-
creased in aortic tissue of rats in the T2DM group compared
to the control group (p <0.01). In contrast, the expressions of
Nrf-2, HO-1, and Bcl-2 were dramatically increased and
those of cleaved caspase-3 and Bax were significantly re-
duced in aortic tissue in the UCMSCs and FXC+UCMSCs
groups (p <0.05), indicating that UCMSCs and FXC+
UCMSCs could affect the Nrf-2/HO-1 signaling pathway
and inhibit pro-apoptotic protein expression in T2DM rats

(Fig. 4).

3.5. Effects of UCMSCs-CM Combined with FXC-
containing Serum on Cell Activity, Apoptosis, and
Oxidative Stress

Further, in vitro experiments were performed to observe
the effects of FXC in combination with UCMSCs; firstly,
HUVEC cell activity was detected by CCK-8 to screen the
optimal serum concentration of FXC, and the changes in cell
activity, apoptosis, oxidative stress, and Nrf-2/HO-1 signal-
ing pathway were detected by CCK-8, flow cytometry,
ELISA, and western blot. The results showed that the prolif-

eration of the HUVEC cells group containing 25% FXC se-
rum was significantly reduced. Compared to the control
group, cell proliferation was significantly reduced in the HS
group, while cell proliferation was significantly increased in
the FXC, UCMSCs-CM, and FXC+UCMSCs-CM groups (p
<0.01, Figs. SA and B). Compared to the control group,
apoptosis and ROS content were significantly increased in
the HS group, while apoptosis and ROS content were signif-
icantly decreased in the FXC, UCMSCs-CM, and
FXC+UCMSCs-CM groups (p <0.01, Figs. SC-F). The lev-
els of MDA were significantly increased, and the levels of
SOD and GSH-Px were significantly decreased in the HS
group compared to the control group (p <0.01). Compared to
the HS group, the levels of MDA were markedly decreased,
and the levels of SOD and GSH-Px were dramatically in-
creased in the UCMSCs-CM and FXC+UCMSCs-CM
groups (p <0.01, Fig. 5G). In addition, the protein expression
of Nrf-2 and HO-1 was significantly reduced in the HS
group (p <0.05), while the protein expression of Nrf-2 and
HO-1 was significantly increased in the FXC, UCMSCs-
CM, and FXC+UCMSCs-CM groups (p <0.05, Fig. 5H),
suggesting that UCMSCs-CM and FXC+UCMSCs-CM in-
hibited apoptosis and promoted activation of the Nrf-2/HO-1
signaling pathway.

3.6. Effect of Nrf-2 Inhibition on the UCMSCs-CM
Combined with FXC-containing SERUM

To confirm the effect of inhibiting Nrf-2 expression on
UCMSCs-CM in combination with FXC-containing serum,
we examined the effects of FXC+UCMSCs-CM on cell pro-
liferation, apoptosis, and oxidative stress after transfection
with si-Nrf-2. The results revealed the mRNA expression of
Nrf-2 to be significantly reduced after transfection with si-
Nrf-2 (p <0.05, Fig. 6A). Compared to the HS group, cell
proliferation was significantly increased, and apoptosis and
ROS content were significantly decreased in the FXC+UCM
SCs-CM, FXC+UCMSCs-CM+si-Nrf-2, and FXC+UCM
SCs-CM+si-NC groups; however, si-Nrf-2 transfection sig-
nificantly inhibited the effects of FXC+UCMSCs-CM on
cell proliferation promotion and apoptosis inhibition (p
<0.05, Figs. 6B-F). Compared to the HS group, the levels of
MDA were markedly decreased, and the levels of SOD and
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GSH-Px were dramatically increased in the FXC+UCMSCs- 4. DISCUSSION

CM and FXCH+UCMSCs-CM+si-Nrf-2 groups, while trans-

fection with si-Nrf-2 significantly inhibited ihis cffect @ In the present study, FXC+UCMSCs have been found
<0.05, Fig. 6G). Moreover, the protein expression of Nrf-2 to ameliorate aortic pathology and 0x%dat1\{e stress in
and HO-1 was significantly increased in the FXC+UCMSCs- ~ 12DM rats and modulate the Nrf-2/HO-1 signaling pathway.
CM, FXC+UCMSCs-CM+si-Nrf-2, and FXC +UCMSCs- The results revealed that inhibition of Nrf-2 expression
CM+si-NC groups, compared to the HS group, while trans- significantly suppressed the inhibitory effects of FXC+
fection with si-Nrf-2 significantly inhibited this effect (pn =~ UCMSCs-CM on apoptosis and oxidative stress injury.
<0.05, Fig. 6H), suggesting that inhibition of Nrf-2 expres- These findings confirmed that FXC+UCMSCs may exert
sion significantly attenuated the inhibitory effect of an ameliorative effect on T2DM by affecting apoptosis
FXC+UCMSCs-CM on apoptosis and oxidative stress dam- and oxidative stress through the Nrf-2/HO-1 signaling path-
age. way.
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Diabetes mellitus (DM) is a metabolic disease character-
ized by chronic hyperglycemia caused by a variety of etiolo-
gies [18]. Patients with DM have disorders of glucolipid me-
tabolism, with elevated levels of TC, TG, and LDL in the
blood and decreased concentrations of HDL, which plays a
protective role [19]. In addition, studies have confirmed that
long-term abnormalities of glucolipid metabolism in T2DM
cause pathological changes in the aorta [20]. It has been
shown that apoptosis and the occurrence of aortic injury in
T2DM are closely related [21]. In this experiment, the blood
glucose, TG, TC, and LDL-C levels were significantly in-
creased in the T2DM group of rats, T2DM caused aortic
injury, and the expressions of apoptosis and apoptosis-
related proteins, cleaved caspase-3 and Bax, were signifi-
cantly increased in the aortic tissues of rats. The treatment of
FXC+UCMSCs was able to attenuate the aortic injury of
T2DM, and significantly inhibited the blood glucose, TG,
TC, LDL-C, cleaved caspase-3, and Bax levels in rats. These
results suggest that FXC+UCMSCs can ameliorate the oc-
currence of dyslipidemia and apoptosis in T2DM rats.

Oxidative stress plays an extremely important role in the
development of T2DM, and it has been shown that diabetic
states are characterized by increased MDA levels, decreased
SOD activity, and elevated oxidative stress [22, 23]. Effec-
tive inhibition of oxidative stress in diabetic patients can
alleviate diabetes; for e.g., Liao et al. [24] reported that poly-
saccharides from Okra exerted a protective effect on T2DM
mice by altering oxidative stress. Furthermore, impairment
of vascular endothelial cell function is the pathological basis
of vascular injury in T2DM, and oxidative stress is involved
in all aspects of the pathophysiological process; therefore,
mitigation of oxidative stress is an important approach to
protect vascular endothelial cells [25, 26]. This is consistent
with the results of the present study, which showed MDA
content to be significantly increased, and SOD and GSH-Px
activities to be significantly weakened in T2DM rats.
FXC+UCMSCs were able to significantly reduce MDA con-
tent and enhance SOD and GSH-Px activities in T2DM rats,
suggesting that FXC+UCMSCs could inhibit oxidative stress
in T2DM rats and thus alleviate diabetes. In addition, the
antioxidant effect of FXC+UCMSCs was further verified in
this experiment using cellular assay, and the results showed
that FXC+UCMSCs-CM was able to reduce the MDA level
and increase the activities of SOD and GSH-Px in the cellu-
lar supernatant, which further indicated that the protective
effect of FXC+UCMSCs on T2DM was realized through
antioxidant effect.

The Nrf-2/HO-1 signaling pathway is closely related to
oxidative stress, and studies have shown that compounds that
upregulate Nrf-2 are effective in protecting the body from
diabetic complications [27, 28]. Nrf-2 is also considered to
be the most sensitive signal against oxidative stress [29].
Mittal et al. [30] demonstrated that activation of the Nrf-
2/HO-1 signaling pathway reduced renal insufficiency and
oxidative stress levels in diabetic mice. Baig et al. [31] re-
ported that the anti-nephropathic effect of C. anthelminticum
can be attributed to its ability to down-regulate NF-kB and
bring the expression of Nrf-2 to near-normal levels. In the
present study, the expressions of Nrf-2 and HO-1 were de-
creased in T2DM rats, and FXC+UCMSCs were able to ac-
tivate the Nrf-2/HO-1 signaling pathway. In vitro cellular
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experiments have demonstrated consistent results that
FXC+UCMSCs-CM increased the activation of the Nrf-
2/HO-1 signaling pathway in high glucose-induced HUVEC
cells. We further employed si-Nrf-2 to inhibit the activation
of the Nrf-2/HO-1 signaling pathway in cells to validate the
role of the Nrf-2/HO-1 signaling pathway in the treatment of
FXC+UCMSCs, and the results showed that the inhibition of
Nrf-2 expression attenuated the effects of FXC+UCMSCs-
CM on promoting cell proliferation, inducing apoptosis, and
resisting oxidative stress. These results suggest that
FXC+UCMSCs may play a role in ameliorating T2DM
macroangiopathy by regulating the Nrf-2/HO-1 signaling
pathway against T2DM oxidative stress.

CONCLUSION

In conclusion, we have clarified that FXC+UCMSCs
attenuated oxidative stress injury and macroangiopathy, and
activated the Nrf-2/HO-1 signaling pathway in T2DM. These
results suggest that FXC+UCMSCs may improve T2DM
directly or indirectly by regulating the Nrf-2/HO-1 signaling
pathway. In short, we hope that our findings will provide a
solid evidence base for the treatment of diabetic vasculopa-
thy.

FUTURE PERSPECTIVE

There are a few limitations in the present study. The ef-
fect of activation of the Nrf2/HO-1 pathway by
FXC+UCMSCs on oxidative stress and aortic injury in
T2DM rats was not investigated in this study using an animal
model. As a next step, our group will conduct in vivo valida-
tion experiments using Nrf2 inhibitors; moreover, this study
was conducted on experimental animals and cells, so contin-
ued clinical studies are needed in the future.

LIST OF ABBREVIATIONS

AGEs = Advanced Glycosylation End Products

FXC = Fufang Xueshuantong Capsule

NO = Nitric Oxide

RAGE = Receptor for Advanced Glycosylation End
Products

T2DM = Type 2 Diabetes Mellitus

UCMSCs = Umbilical Cord Mesenchymal Stem Cells
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