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ABSTRACT
Background: A Erectile dysfunction (ED) is one of the well-known comorbidities in males 
with diabetes mellitus (DM), whose pathogenesis might be induced by dysregulation of 
corpus cavernosum smooth muscle cells. UC-MSCs are multipotent cells that attract con-
siderable interest due to immunoregulatory properties and might be a potential strategy 
to regulate and recover the functional cells and tissues, including tissue improvement in 
DMED. Objective: This study aims to determine the efficacy of UC-MSCs in improving the 
erectile function of DMED rats through analyzing the expression of TGF-β, α-SMA, and col-
lagen. Methods: Total number of 30 male Sprague-Dawley rats (6 to 8 weeks old) were 
randomly divided into four groups (negative control group, positive control group, T1 group, 
and T2 group). After 16 h fast, 24 rats were randomly selected and intraperitoneally inject-
ed with streptozotocin to induce DM. At 8 weeks after STZ injection, rats with DMED were 
identified by unresponsive erectile stimulation within 30 min. PC group received 500 μL; T1 
rats treated with 500 μL PBS containing 1x106 UC-MSCs; T2 rats treated with 500 μL PBS 
containing 3x106 UC-MSCs. After MSCs treatment, the rats were sacrificed and the cor-
pus cavernosum tissues were prepared for histological observations. Results: This study 
resulted in the administration of UC-MSCs could downregulate the expression of TGF-β, 
α-SMA, and collagen leading to the improvement of DMED. Conclusion: UC-MSCs improve 
the expression of TGF-β, α-SMA, and collagen on erectile dysfunction in streptozotocin-in-
duced diabetic rats. 
Keywords:	UC-MSC,	TGF-β,	α-SMA,	collagen,	DMED.

1. BACKGROUNd
Erectile dysfunction (ED) is the determined inability to perform an erec-

tion hard enough for sexual intercourse (1, 2). Penile erection is induced by 
various stimuli which leads to the release of nitric oxide (NO) from the nerve 
finishes causing vasodilation and boosted blood flow into the erectile tissues 
(3, 4). ED is a more prevalent complication of diabetes mellitus (DM) in men, 
affecting up to 85% of DM patients (4). Diabetes mellitus-induced erectile 
dysfunction (DMED), more refractory than ED in nondiabetic patients, is be-
lieved to be mainly due to endothelial injury, decreased smooth muscle con-
tent, neuropathy, and fibrosis (5, 6). Currently, the use of selective phospho-
diesterase type-5 inhibitors (PDE5i) is considered to be the first-line agent for 
ED, however, it has much lower efficacy to treat patients with DMED (3, 4, 7). 
In this condition, revealing the novel alternative approach is a major needed 
to ameliorate the development of DMED. 

Over the past years, stem cell therapy is considered to be a potential strat-
egy due to its capability to regulate the inflammatory milieu and recover the 
functional cells and tissues, including tissue improvement in DMED (4, 8). 
However, the specific mechanism of MSC in improving DMED remains to 
be elucidated, especially through the TGF-β, α-sma, and collagen pathways. 
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Therefore, we wanted to investigate the mechanism 
of MSCs in enhancing mouse DMED via the TGF-β, 
α-sma, and collagen pathways. Umbilical cord-derived 
mesenchymal stem cells (UC-MSCs) are ubiquitous fi-
broblast-like-multipotent cells that attract considerable 
interest due to they can be easily isolated and abundant-
ly assessed from the UC tissues through standardized 
procedures and have low immunogenicity potential (9, 
10). These cells could be characterized by a high level of 
surface antigens, such as CD90, CD105, CD73, CD29, 
and low level of CD31, CD34, CD45, CD14, CD19, and 
HLA-DR (11, 12). They possess a broad range of capa-
bilities to differentiate into specific somatic cell lineag-
es, such as osteocytes, adipocytes, chondrocytes, and 
neural cells (13, 14). Other impressive potencies of UC-
MSCs are their immunomodulatory and regeneration 
properties through secreting various trophic factors (15, 
16). MSCs also have immunosuppressive features, turn-
ing the alteration from inflammation to proliferation, 
which advances the healing manner (16, 17). MSCs re-
lease anti-inflammatory cytokines, such as prostaglan-
din E2(PGE2), transforming growth factor-β (TGF-β), 
indoleamine 2,3-dioxygenase (IDO), and interleukin 
(IL)-10, to regulate the inflammation (18, 19). 

A recent study revealed that transplantation of the 
MSCs into penile tissues of DMED rats can improve the 
impaired arterial flow and structural changes in erectile 
function (5). Another previous study also showed that 
intra-cavernous transplantation of VEGF gene-modified 
bone marrow-derived MSCs resulted in improved erec-
tile function in diabetic rats (20). The mechanism of this 
improvement may be via differentiating into endothelial 
cells and smooth muscle cells, and the secretion by these 
cells of many kinds of cytokines and other effects (21, 
22). In addition, another study also demonstrated that 
MSCs engineered to express stromal cell-derived factor 
1 (SDF-1) have been shown to reduce erectile dysfunc-
tion in streptozotocin-induced diabetic rats by increas-
ing levels of neuronal nitric oxide synthase (nNOS), 
VEGF, and growth factors (23). A recent study revealed 
that impaired arterial flow and structural changes in 
cavernosal dysfunction were manifested by elevation of 
TGF-β and increased collagen accumulation resulting 
in fibrosis (24). However, studies related to improving 
erectile function with UC-MSC, especially those related 
to the expression of TGF-β and α-SMA resulting colla-
gen accumulation have not been studied before. 

2. OBJECTIVE
In this study, we aimed to determine the efficacy of 

UC-MSCs in improving the erectile function of DMED 
rats through analyzing the expression of TGF-β, α-SMA 
and collagen.

3. MATERIAL ANd METHOdS
Animals and Ethical Clearance
Animal experiments were performed according to 

the regulations by the Ethical Committee of Faculty of 
Medicine, Universitas Sumatera Utara. This study was 
approved by Ethical Committee, with the number 370/

KEP/USU/2020. A total of 30 male Sprague-Dawley rats 
(8 weeks-old) weighting 200-250 g were purchased from 
Lembaga Penelitian dan Pengujian Terpadu (LPPT), 
Unit IV, Universitas Gadjah Mada. After 16 h fast, 24 
rats were randomly selected and intraperitoneally in-
jected with streptozotocin (STZ, 60 mg/kg, Sigma-Al-
drich, St. Louis, MO, USA). The remaining 6 rats were 
employed as an NC group (rats with no DMED received 
500 μL phosphate buffer saline (PBS)). Blood glucose 
levels were analyzed at 3 days after STZ injection using a 
pharmaceutical-grade glucometer (Accu-Check; Roche, 
Basel, Switzerland). Of the 24 rats, 21 (87.50%) were di-
abetic with fasting glucose levels higher than 300 mg/dl. 
At 8 weeks after STZ injection, apomorphine (APO, 100 
μg/kg; Sigma-Aldrich, St. Louis, MO, USA) was used 
to select the diabetic rats and administrated via neck 
loose skin. Rats with DMED were present in 18 of the 21 
(85.71%) and identified by unresponsive erectile stimu-
lation within 30 min. 

Research Design
A total of 24 rats were used in this research. The 6 

healthy rats were used as NC group and the 18 selected 
DMED rats were randomly assigned into three groups 
(six rats in each group): PC group (DMED rats received 
500 μL PBS); T1 (DMED rats treated with 500 μL PBS 
containing 1x106 UC-MSCs); T2 (DMED rats treated 
with 500 μL PBS containing 3x106 UC-MSCs).  

UC-MSCs Isolation and Culture
UC-MSCs were isolated from UC collected from 19-

day pregnant female rats and cultured as per previous 
standardized methods (25). In brief, the tissue parts of 
the UC were cut into smaller pieces under aseptic con-
ditions. The section of UC tissues was planted into a cul-
ture flask containing Dulbecco’s Modified Eagle Medi-
um (DMEM) (Sigma-Aldrich, Louis St, MO), supported 
with 1% penicillin (100 U/mL)/streptomycin (100 µg/
mL) (Gibco™ Invitrogen, NY, USA), 0,25% amphotericin 
B (Gibco™ Invitrogen, NY, USA) and 10% fetal bovine 
serum (FBS) (Gibco™ Invitrogen, NY, USA) and cultured 
at 37° C in a humid atmosphere consisting of 5% CO2. 
The culture medium was renewed every 3 days. After 
reaching approximately 80% confluence, UC-MSCs-like 
in culture flasks were passage into a new culture flask. 
UC-MSCs-like at passage 4 were employed for the fol-
lowing experiments. 

UC-MSC Phenotype Analysis with Flow cytometry
UC-MSCs-like were characterized by flow cytome-

try at passage 4. Briefly, after UC-MSCs were passaged 
and washed, the cells were incubated for 30 min in PBS 
containing anti-CD90.1-PerCP (cat. # 557266; BD, San 
Diego, CA, USA), anti-CD29-Alexa fluor 647 (cat. # 
562153; BD, San Diego, CA, USA), anti-CD45-FITC 
(cat. # 554877; BD, San Diego, CA, USA), anti-CD31-PE 
(cat. # 555027; BD, San Diego, CA, USA) for 30 min-
utes at room temperature in the dark. The cells then 
were washed twice using PBS. The flow cytometry and 
post-acquisition analysis were performed and calculated 
using a BD Accuri C6 Plus flow cytometer (BD, San Di-
ego, CA, USA) and BD Accuri C6 Plus software (BD, San 
Diego, CA, USA).
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Differentiation of UC-MSCs
We further performed the osteogenic differentiation 

of UC-MSCs-like in passage 4. The UC-MSCs-like were 
cultured in standard medium containing DMEM sup-
plemented with 10% FBS, 1% penicillin (100 U/mL)/
streptomycin (100 µg/mL) and 0,25% amphotericin B at 
37°C and 5% CO2 until reached 95% confluency. Then, 
the standard medium was replaced using an osteogen-
ic differentiation medium containing MesenCult™ MSC 
Basal Medium (Mouse) (cat. # 05505; Stem Cell Tech-
nologies, Singapore) with 20% MesenCult™ Osteogenic 
Stimulatory Supplement (mouse) (cat # 05506; Stem 
Cell Technologies, Singapore), 1% L-Glutamine (Gibco™ 
Invitrogen, NY, USA), 1% penicillin (100 U/mL)/strep-

tomycin (100 µg/mL) and 0,25% amphotericin B. This 
medium was replaced every 3 days. Alizarin red (Sig-
ma-Aldrich, Louis St, MO) staining was performed fol-
lowed by 21 days of osteogenic induction of MSCs. The 
calcium deposition was shown in red color.

Immunostaining Analysis
After the completion of the APO experiment, five ani-

mals from each group were randomly selected, anesthe-
tized and sacrificed by cervical dislocation. Half of the 
penile tissue from each subject (10 µm) was dehydrated 
in 30% sucrose and then frozen. After the sections were 
completely dried, immunostaining staining for α-SMA 
and TGF-β was performed, using the penile tissue of 
normal rats as a negative control. At least five random 

figure 1. Characteristics of MSCs. (a) The spindle-like morphology of MSC is pointed to by the arrow on the microscope observation 
(200x	magnification),	(b)	The	results	of	the	osteogenic	differentiation	test	show	red	color	representing	the	results	of	post-cultured	
calcium	deposits	with	osteogenic	differentiation	medium,	(c)	The	adipogenic	differentiation	test	shows	that	there	are	fat	deposits	on	
the	MSCs	marked	in	red	using	Oil	Red	O	staining	(magnification	400x),	(d)	Flow	cytometry	analysis	of	the	expression	of	CD90,	CD29,	
CD45,	and	CD31

figure 2. Erectile function measurement in rats with dMEd. Graph summarizing the quantitative data of erectile responses dMEd rats 
and expressed as mean ± standard deviation. *P < 0.05 compared with control
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fi elds per section were examined, and the semi-quan-
titative evaluations were analyzed with Image-Pro Plus 
software, version 6.0 (Media Cybernetics, Inc.).

Masson trichrome staining
Penile tissues were fi xed in fresh 4% paraformalde-

hyde. Th e fi xed tissues were embedded in paraffin and 
cut into 8 μm thick sections before mounting on slides. 
Masson trichrome staining was employed to evaluate 
the relative ratio of smooth muscle to collagen as pre-
viously described (Yang et al., 2013). Image-Pro Plus 6.0 
software (Media Cybernetics Inc, Bethesda, MD, USA) 
was used to quantitatively analyze smooth muscle con-
tent and collagen in five randomly selected specimens 
per group.

Data analysis
Data are displayed as the means ± standard deviation 

(SD). Th e calculations were performed using SPSS 23.0 
(IBM Corp., Armonk, NY, USA). Th e statistical signif-
icance of the diff erences between groups was assessed 
by the Kruskal-Wallis test, followed by Mann-Whitney 
posthoc analysis. A p-value of <0.05 and <0.001 was 
considered signifi cant.

4. RESULTS
Isolation and Characterization of MSCs
Th e isolation of MSCs has carried out at the Stem 

Cell and Cancer Research (SCCR) Laboratory, Faculty 
of Medicine, Sultan Agung Islamic University, Sema-
rang, using umbilical cords from 21 days pregnant rats. 
Th e results of the isolation were then cultured on a fl ask 
with DMEM medium with 10% FBS, 1% antibiotic, and 
0.25% fungizone. MSCs culture after the fourth passage 
showed cells adhering to the bottom of the fl ask with 
spindle-like cell morphology under microscopic obser-
vation (Figure 1a). Th e osteogenic and adipogenic abil-
ity of MSC is also one of the MSC validation methods. 
MSCs were able to diff erentiate into osteogenic as in-
dicated by calcium deposits in the form of red staining 
using Alizarin red staining (Figure 1b). Th e adipogenic 
diff erentiation test was performed by inducing MSCs 
using a special adipogenic medium that formed adipo-

cytes (Figure 1c). Furthermore, the validation of mouse 
MSCs markers was carried out using fl ow cytometry 
analysis which showed that MSCs were able to express 
CD90 (99.8%), CD29 (94.2%), and lack of CD45 (1.6%) 
and CD31 (6.6%) (Figure 1d).

Measurement of rat’s body weight and blood glu-
cose

Th e fi nal weight of STZ-induced diabetic rats on PC 
groups was notably lower than NC rats (P < 0.05). Th e fi -
nal blood glucose levels of diabetic rats were remarkably 
higher compared to PBS-treated NC rats (P < 0.05).  Th e 
fi nal weight of T1 and T2 groups after received MSC’s 
administration was signifi cantly higher than PC groups 
(p<0.05). On another side, the fi nal blood glucose levels 
of the T1 and T2 groups were also signifi cantly reduced 
than the PC groups (p<0.05; Table 1).

MSCs improve the erectile function of DMED rats

Figure	3.	TGF-β	expression	in	corpus	cavernosum	tissue	in	each	group.	(A)	Histological	appearance	of	the	corpus	cavernosum	by	
immunohistochemical	method	at	400x	magnifi	cation.	(B)	Graph	of	TGF-β	expression	percentage	in	corpus	cavernosum	tissue.	NC:	
Negative Control; PC: Positive Control; T1: MSCs 1x106; T2: MSCs 1x106

Figure	4.	The	expression	of	α-SMA	in	corpus	cavernosum	
tissue in each group. (A) Histological appearance of the 
corpus cavernosum by immunohistochemical method at 400x 
magnifi	cation.	(B)	Graph	of	α-SMA	expression	percentage	in	
corpus cavernosum tissue. NC: Negative Control; PC: Positive 
Control; T1: MSCs 1x106; T2: MSCs 1x106
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The measurement of erectile function resulted in that 
streptozotocin-induced DMED caused a significant re-
duction in erectile response in rats. The rats in T1 and 
T2 groups after MSCs administration showed a signifi-
cant increase of erectile response (P<0.05), in which the 
effective improvement was on the T2 group with a value 
of 5 ± 1.2 minutes (Figure 2).

UC MSCs regulate TGF-β expression on DMED 
Rats  

TGF-β plays a role in inducing cell stress in diabet-
ic conditions and plays a role in the initiation of colla-
gen formation in penile tissue. Increased expression of 
TGF-β is associated with increased collagen synthesis in 
the corpus cavernosum tissue of streptozotocin-induced 
diabetic rats and the vasculogenic ED model. Analysis 
of TGF-β levels in this study was carried out using the 
immunohistochemical method (Figure 3a). Based on the 
histological semi-quantitative observation of the TGF-β 
expression (Figure 3b), the expression of TGF-β in the 
Positive Control (PC) group (37,09 ± 5,11 %) showed a 
significant increase (p <0.05) compared to the negative 
control (NC) group (25,11 ± 2,31 %). While the expres-
sion of TGF-β in the treatment groups T1 and T2 have 
decreased (31,4 ± 3,27 % and 27,87 ± 1,46 %), but only 
the T2 group was significantly different compared to the 
PC group.

UC MSCs regulate α-SMA expression on DMED 
Rats  

Type I collagen is the main fibrous collagen synthe-
sized by active fibroblasts which are characterized by the 
expression of α-SMA and are regulated in the process 
of tissue repair. Analysis of α-SMA expression using im-
munohistochemical methods was performed to deter-
mine the relevance of in vivo collagen production and 
regulation of ECM by MSCs (Li et al., 2016). The results 
of the analysis showed that there was a significant de-
crease in α-SMA expression (p<0.05) in the treatment 
group compared to the control group. Based on the his-
tological semi-quantitative observation of the α-SMA 
expression (Figure 4a and 4b), the expression of α-SMA 
in the Positive Control (PC) group (23,62 ± 2,05 %) 
showed a significant increase (p <0.05) compared to the 
negative control (NC) group (13,02 ± 0,94 %). While the 
expression of α-SMA in the treatment groups T1 and T2 
(19,66 ± 0,91 % and 17,14 ± 1,79 %) have decreased but 
only the T2 group was significantly different compared 
to the PC group.

UC-MSCs regulate collagen deposition on DMED 
Rats  

Fibroblast cells in the corpus cavernosum can synthe-
size collagen, but the excessive amount of collagen caus-
es fibrosis which results in reduced penile contractile 
function. Measurement of the amount of collagen was 
carried out using Masson's Trichome staining method 
on penile tissue (Siregar et al., 2020). Based on the his-
tological semi-quantitative observation of the collagen 
deposition (Figure 5), the deposition of collagen in the 

figure 5. The expression of collagen in corpus cavernosum tissue in each group. (A) Histological appearance of the corpus 
cavernosum	by	Masson-trichome	staining	method	at	400x	magnification.	(B)	Graph	of	collagen	expression	percentage	in	corpus	
cavernosum tissue. NC: Negative Control; PC: Positive Control; T1: MSCs 1x106; T2: MSCs 1x106

Variable Sham Control T1 T2

Initial Weight (g) 213.6±13.8 208.8±12.2 209.6±13.0 211.8±10.3

Final Weight (g) 346.6±29.3* 194.2±8.2 231.6±22.4* 293.8±7.3*

Initial glucose (mg/dL) 170.2±11.9 156.8±10.5 164.7±12.4 174.7±8.6

Final glucose (mg/dL) 140.2±25.9* 512.8±47.2 431.4±27.0* 265.4±64.0*

Values are expressed as mean ± s.d. *P<0.05 when compared with control group. s.d: standard deviation.

Table 1. Body weight and blood glucose variable
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positive control (PC) group (60,73 ± 4,58 %) showed a 
significant increase (p <0.05) compared to the negative 
control (NC) group (38,34 ± 9,83 %). While the deposi-
tion of collagen in the treatment groups T1 and T2 have 
decreased (55,15 ± 4,23 % and 43,9 ± 9,62 %), but only 
the T2 group was significantly different compared to the 
PC group.

5. dISCUSSION
Erectile dysfunction (ED), a kind of systemic vascu-

lar disease, is one of the well-known comorbidities in 
males with diabetes mellitus (DM), whose pathogenesis 
might be induced by dysregulation of corpus caverno-
sum smooth muscle cells (CCSMCs) (26, 27). CCSMCs 
have been reported to possess the ability to modulate 
the phenotype transition from a contractile to a pro-
liferative state under hyperglycemic conditions, which 
could play an essential role in the pathogenesis of ED 
(28, 29). Due to the complicated etiology of DMED, the 
efficacy of currently available treatments is very limit-
ed. Therefore, it is necessary to conduct research and 
development of new therapy for DMED. Recently, stem 
cell therapy has been added to the treatment options for 
ED (5, 30, 31). MSCs are now considered an alternative 
approach to DMED with preliminary studies demon-
strating their ability to stimulate smooth muscle cells 
and regenerate cavernous nerves (5, 28, 32). Another 
report showed that exosomes secreted from mesenchy-
mal stem cells (MSCs) have been suggested to be con-
ducive to erectile function in streptozotocin-induced 
(STZ) diabetic rats (33). We show for the first time that 
UC-MSCs treatment was effective in improving TGF-β 
expression, α-SMA levels, and collagen deposition in ED 
of diabetic rats, suggesting a potential protective role for 
ED treatment against the degenerative structural chang-
es in corpus cavernosum tissue of diabetic animals.

One of the essential findings from our study showed 
that TGF-β was upregulated in DMED rats indicating 
system vascular disintegration. Interestingly, after ad-
ministration of MSCs could reduce the expression of 
TGF-β, either at low or high doses. Based on this finding, 
we suggested that MSCs may decrease TGF-β1 expres-
sions in the treatment group can be regulated by MSC 
administration through the secretion of anti-inflam-
matory cytokines, especially interleukin 10 (IL-10). As 
a potent anti-inflammatory cytokine, IL-10 can inhib-
it fibrosis progression by competitively binding to the 
TGF- receptor resulting in decreased TGF-β expression 
(18, 34). The interaction of IL-10 to the TGF-β recep-
tor induces serine/threonine kinase activity leading to 
induction of the downstream signaling proteins SMAD2 
or SMAD3 (35, 36). It is an inhibition of the expression 
of fibrotic genes such as α-SMA, collagen, and fibronec-
tin (15, 37). This is supported by previous studies that 
reported an increase in IL-10 induced SMAD7 resulting 
in downregulation of the SMAD2/SMAD3 pathway (38, 
39). Hence, we suppose that preventing the binding of 
the TGF by receptor by IL-10 secreted by MSCs could 
be correlated with decreased TGF-β expression leading 
to an improvement in DMED rats. 

The TGF-β1/Smad axis may play an important role in 
regulating penile homeostasis because TGF-β is up-reg-
ulated in the ED of rats with STZ-induced diabetes 
(40). Normally, TGF-β binds to its receptor, TGF-βRIIβ, 
which activates the TGF-βRI kinase leading to recep-
tor-regulated phosphorylation of Smads (R-Smads), 
Smad2, and Smad3 (41). Furthermore, phosphorylated 
Smad2 and Smad3 will form oligomeric complexes with 
Smad4 and then translocate into the nucleus to regulat-
ing the transcription of target genes, such as α-SMA and 
ECM production induce genes (41, 42). The increase in 
TGF-β expression is highly correlated with α-SMA, this 
is presumably because TGF-β will activate resident fi-
broblasts to become myofibroblasts which will express 
α-SMA highly so that the increase in TGF-β expression 
is in line with the increase in α-SMA expression (42, 43). 
In line with this statement, the results of this study also 
showed a decrease in α-SMA expression after MSC ad-
ministration, both at low and high doses. 

The binding of TGF-β to its receptor leads to the 
phosphorylation of SMAD proteins including SMAD 
2 and 3, which binds to SMAD 4 before translocating 
into the nucleus (42). This drives the initiation of myo-
fibroblasts and matrix deposition, particularly collagen 
accumulation. The collagen in the corpus cavernosum 
tissue is predominantly types I, III, and IV (41). Type I 
collagen, which forms rigid bands of fibrils, is less ac-
quiescent than type III collagen, which is found pre-
dominantly in distensible elastic tissue and is essential 
for normal tensile intensity (44). TGF-β is an important 
profibrotic cytokine that has been recognized as a key 
factor associated with corporal fibrotic in ED (29). A 
previous study demonstrated that TGF-β expression is 
closely correlated with the accumulation and deposition 
of ECM, particularly collagen (29, 45). in this study, we 
also found that collagen accumulation and deposition 
after MSC administration in DMED rats was seen to 
decrease at both low and high doses. Thus, we predict 
that MSCs can regulate the anti-fibrotic responses and 
due to impaired arterial flow and structural changes of 
DMED rats through the regulation of the TGF-β path-
way. A limitation of this study is that we did not examine 
IL-10 secreted by MSCs as a sign of anti-inflammato-
ry responses. In addition, we also did not analyze the 
SMAD levels as fibrosis pathway activation indicator 
in the DMED rats. Therefore, understanding the role of 
IL-10 secreted by MSCs to regulate SMAD pathways in 
DMED rats remains to be explored.

6. CONCLUSION
In conclusion, rat's UC-MSCs improve the expression 

of TGF-β, α-SMA, and collagen on erectile dysfunction 
in streptozotocin-induced diabetic rats. Based on this 
finding, MSCs present a promising immediate curative 
effect on the inflammatory reaction and structural im-
provement in DMED rats.
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