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HIGHLIGHTS

ABSTRACT

e The treatment of ED using
autologous adipose-derived MSCs
with the injection of papaverine is
an effective and safe method.

* To evaluate the treatment efficacy
of autologous adipose-derived
mesenchymal stem cells (MSCs) in
patients with erectile dysfunction
(ED).
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Introduction

Introduction

This study aimed to evaluate the treatment efficacy of autologous adipose-derived
mesenchymal stem cells (MSCs) in patients with erectile dysfunction (ED).
Methods

This study included 14 ED patients (aged 29-75 years) referred to our ED clinic
from 2020 to 2022. The patients had a healthy mental status, no history of
malignancies, and no prior use of psychiatric medications. Papaverine was used
to achieve an erection to improve the efficacy of stem cell injection. The clinical
assessment of the patients was conducted using the International Index of Erectile
Function (IIEF) and the Erection Hardness Score (EHS) before and 3 months after
the injection of stem cells. The follow-up visit was performed 3 months after the
injection of stem cells.

Results

The mean age of the study participants was 46.42+ 10.62 years. Ten patients had
a history of treatment with platelet-rich plasma (PRP) for ED. The EHS and IIEF
scores of the patients were significantly higher 3 months after the injection compared
to the pre-treatment period (P-value=0.000 and P-value=0.001, respectively). Only
three patients had minor ecchymosis on their penises.

Conclusions

The treatment of ED using autologous adipose-derived MSCs with the injection of
papaverine is an effective and safe method. The main goal of this treatment method
is to repair the damaged tissues or the vascular system of the corpus cavernosum to
improve the erectile function of the patients.

Keywords: Erectile Dysfunction; Mesenchymal Stem Cells; Papaverine; Platelet-Rich
Plasma

by various causes, including neurogenic, hormonal,

The inability to sustain a sufficient erection of the penis
for successful penetration is called erectile dysfunction
(ED) (1). The underlying cause of ED may be organic
and/or psychogenic. Organic ED may be developed

or vasculogenic causes (2, 3). It has been reported that
organic etiologies of ED are responsible for more than
80% of ED causes, among which the most common
etiology is vasculogenic disorders. Vasculogenic
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disorders can lead to arterial blood flow and venous
outflow abnormalities of the corpus cavernosum (4).
The incidence of ED was estimated to be 25.9 cases per
1,000 man-years, based on the results of a longitudinal
study. Moreover, there is a higher risk of developing ED
in men with diabetes mellitus, lower education, coronary
artery disease, hypertension, and pelvic injuries (5-8). An
erection happens when nitric oxide (NO) is released. NO
is released from the terminals of parasympathetic nerves.
As a result, it leads to the relaxation of smooth muscles
of the corpus cavernosum, resulting in an increased blood
flow and, thus, erection (9, 10). A defect in NO synthesis
is associated with endothelial dysfunction, which can
lead to ED. Currently, there are multiple management
options for ED, including phosphodiesterase type 5
inhibitors, vasoactive intracavernosal injections (ICIs),
prostaglandin urethral suppositories, vacuum erection
devices and penile implants (2, 11-13). In addition, the
ICIs of platelet-rich plasma (PRP) have been used as a
potential treatment option for ED with increasing demand
(14). Regarding the treatment of ED patients, stem
cell therapy has attracted the attention of researchers.
Mesenchymal stem cells (MSCs) are a type of stem cells
that can differentiate into multiple tissues, including
bone, fat, cartilage, and muscle (15). Mesenchyme is a
mesoderm-derived embryonic connective tissue that
can be obtained from tissues that it generates. The main
benefit of MSCs is not their capability of differentiation
into other organs or target tissues. In fact, the efficacy of
MSCs is mostly based on the paracrine effect, whereby
releasing of growth factors and cytokines which promote
healing and decrease inflammation (16-18). In the present
study, we used autologous adipose-derived MSCs to
treat ED in non-end-stage patients who have been under
other treatment options, such as phosphodiesterase type
5 inhibitors, with some complications, including adverse
effects of the drug or drug interactions. Autologous
adipose-derived MSCs can be an alternative treatment
modality.

Methods

Study design

This clinical trial was performed in an institutional
center (Tehran University). The Ethics Committee of
Tehran University of Medical Ssciences approved this
study (code: IR.TUMS.MEDICINE.REC.1399.438).
The ethical committee of Tehran University of Medical
Sciences approved this study and sampling was started
after receiving the Iranian Registry of Clinical Trials
(IRCT20190624043991N11) on 27/11/2020. This
study is adhered to CONSORT guidelines and include a
completed CONSORT checklist.

Eligibility criteria
A total of 14 ED patients referred to ED clinic at Sina
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Hospital from 2020 to 2022 were enrolled in this study.
linclusion criteria were ED patients aged 18-65 years
with a healthy mental status, no history of malignancies,
and no prior use of psychiatric medications. The enrolled
patients had reversible ED and were unsatisfied with
their current treatment or experienced side effects.

Isolation of autologous adipose-derived MSCs

To obtain autologous adipose-derived MSCs, the fat
grafts obtained from the patients’ abdomens by a surgeon
with traditional liposuction were harvested. In this regard,
a solution containing 1200,000 of epinephrine with 0.5%
lidocaine in Ringer lactate solution was infiltrated into
the abdomen using a small incision. Then, an aspiration
cannula was used to harvest adipose particles by
connecting to the liposuction machine with a negative
pressure of less than 20 cmH2O. The adipose particles
were transferred to the laboratory and centrifuged at 500
rpm for 10 minutes to separate the adipose tissue from
soluble liquid and oil. The middle layer of the adipose
particles was taken for further evaluation. Specimens
were then washed with phosphate-buffered saline
(PBS), mixed with type 1 collagenase, and incubated
for 1 hour. For the assessment of cellular functions, the
glycerol-3-phosphate dehydrogenase assay was used. In
addition, the hematoxylin and eosin staining was used
for histologic evaluation of the specimens to confirm the
adipose-derived MSCs. The final products were injected
into the patients 2 to 3 weeks after the initial preparation
of the adipose-derived MSCs.

Study protocol

A solution containing 5 million autologous adipose-
derived MSCs in 10 mL of normal saline was injected
via ICI. To improve the treatment effects and prevent
migration of the autologous adipose-derived MSCs to
other organs by the blood flow, an erection was induced
in the penis. To achieve a rigid erection, ICI of papaverine
(20mg) was used. Papaverine is best known as a potent
direct-acting smooth muscle relaxant and a vasodilator.
The erection was maintained at least 30 minutes after the
end of stem cell injection; in the case of early relaxation
of the penis, the erection duration was extended using
ICI of papaverine (Smg). The maximum duration of
the erection was considered 45 minutes from the initial
injection. The erection was then ended using epinephrine
110000 in normal saline if no relaxation occurred after
90 minutes from the first dose of papaverine. All patients
were monitored for 3 hours after the initial injection and
then were discharged.

Clinical assessment

The International Index of Erectile Function (IIEF) and
the Erection Hardness Score (EHS) were used for the
therapeutic assessment of the patients. IIEF is widely
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Table 1. Baseline characteristics of the participants

Age Medical history History of PRP
Patient No. 1 36 Multiple sclerosis Yes
Patient No. 2 39 None Yes
Patient No. 3 49 None Yes
Patient No. 4 46 Diabetes mellitus Yes
Patient No. S 29 None Yes
Patient No. 6 48 Diabetes mellitus Yes
Patient No. 7 50 Diabetes mellitus and hypertension Yes
Patient No. 8 48 Diabetes mellitus, hypertension, and dyslipidemia Yes
Patient No. 9 47 Diabetes mellitus and hypertension No
Patient No. 10 35 Diabetes mellitus, hypertension, and dyslipidemia Yes
Patient No. 11 75 Diabetes mellitus Yes
Patient No. 12 50 Diabetes mellitus No
Patient No. 13 48 Diabetes mellitus No
Patient No. 14 50 Diabetes mellitus and hypertension No

Abbreviation: PRP, platelet-rich plasma

used to evaluate male sexual function (19, 20). This
index consists of 5 domains, including erectile function,
orgasmic function, intercourse satisfaction, sexual desire,
and overall satisfaction. The maximum score of IIEF is
75. Further, EHS has 4 domains regarding the hardness
of the penis during penetration. The maximum score of
EHS is 4. IIEF and EHS were measured before and 3
months after the injection of stem cells. The follow-up
visit was performed 3 months after the injection of stem
cells.

Statistical analysis

A paired-sample t test was used to compare the EHS
and IIEF scores before and after the injection of stem
cells. All statistical analyses were performed using SPSS
version 26 (IBM SPSS Inc., Chicago, IL, USA). P-values
less than 0.05 were considered statistically significant.

Results

The mean age of the participants was 46.42+10.62 years
(29 to 75 years). Ten patients had a history of treatment
with PRP for ED. Among those, 6 patients had temporary
improvements in their erections, and 4 were unsatisfied
regarding the results of the PRP treatment. Three patients
had drug interactions, 4 were unsatisfied with their routine
treatment for ED, 2 experienced side effects, and 5 had
no improvement in their erections after consumption
of their medications. The baseline characteristics of the
participants are presented in Table 1.

The IIEF scores of the patients were significantly
higher 3 months after the injection of autologous
adipose-derived MSCs compared to the pre-treatment
period (P-value=0.000). In addition, the EHS scores
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of the participants were significantly higher 3 months
after the injection compared to the pre-treatment period
(P-value=0.001; Tables 2 and 3). Only 3 patients had
minor ecchymosis on their penises.

Discussion

Stem cell therapy has attracted the attention of researchers
invarious fields, though its exact mechanism s still unclear.
To date, stem cells have been used for many medical
goals, including urological disorders and ED (21). MSCs
are a type of stem cells that are capable of differentiation
into several tissues and self-renewal. Moreover, MSCs
can be isolated from the adult organs which they form,
including adipose tissue. The major hypothesis of this
study is that MSCs are able to enhance the vascular system
and the abnormal function of penile smooth muscle cells
via a paracrine release of various cytokines and growth
factors. An important concern regarding the treatment
with stem cells is the migration of injected cells through
the blood flow to other proximal or distal organs, such as
the lungs. According to several studies, fatal pulmonary
embolism may occur due to the intravenous injection of
stem cells (22, 23). The corpus cavernosum structure,
which is spongy, has many vessels (24). Therefore, ICI
is similar to intravenous injection. Although this concern
has not been answered clearly in the literature, some
strategies have been performed regarding this concern.
Lin et al., (25) used magnetic-forced cell retention using
magnetized stem cells to achieve a therapeutic benefit in
the penis. However, the major limitations of this strategy
are the damage caused by the implantation and removal of
magnetic rods, as well as the cytotoxicity of nanoparticles.
Another method mentioned in some studies (26, 27) is the
use of large-size microcarriers to trap stem cells within the
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Table 2. The IIEF and EHS scores of the patients before and after the injection
of stem cells

Table 3. Comparison of the EHS scores of the patients before and after the
injection of stem cells

Before injection 3 months after injection P-value

Mean (£SD) Mean (£SD)
HEF  41.85 (+8.56) 63.78 (+4.87) 0.000
EHS  2.64 (£0.49) 3.35 (£0.63) 0.001

* 1IEF, International Index of Erectile Function ; EHS, Erection Hardness Score

corpus cavernosum. In the study by Koga and Horiguchi
(28), the exfoliated deciduous dental pulp stem cells
were injected into the corpus cavernosum using a small
hairband attached to the base of the penis for 6 hours to
ensure the treatment efficacy. In the study by Bahk et
al., (29), the penile root was clamped for 30 minutes to
increase the residence time of injected cells. It retained
more cells within the corpus cavernosum; however, many
cells still can escape from the corpus cavernosum, mainly
due to the short time of penile clamping. Haahr et al., (30)
conducted a clinical trial on 17 men with ED after radical
prostatectomy and injected autologous adipose-derived
regenerative cells via an intracavernosal injection. The
therapeutic effect of stem cells was absent in patients
with urinary incontinence, mainly due to disruption of
the neurovascular bundle. In the present study, we used
autologous adipose-derived MSCs to treat ED patients.
We injected 5 million autologous adipose-derived MSCs
using an intracavernosal injection. With the aim of
increasing the efficacy of our treatment, we are the first
to use papaverine to induce a temporary blood flow stasis
following a penile erection. This allows stem cells to
function in the target organ, which is cavernosal tissue.
In addition, we conducted our random patient selection
from the patients with ED, which was not secondary to
end-stage urologic diseases, such as post-operative ED
following radical prostatectomy in prostate cancer. The
underlying reason for our patient selection is the important
fact that the therapeutic effects of stem cells can improve
the function of damaged—but not destroyed—tissues
and organs. Most of our patients had DM, dyslipidemia,
or hypertension leading to vascular damage. Our results
showed a promising efficacy regarding the ICI of
autologous adipose-derived MSCs in ED patients who
have difficulties with their current treatment options,
including side effects, drug interactions, and high cost
of medications. While our study reports positive results
regarding safety and functional recovery, future studies
should explore the impact of additional injections, mid
and long-term results.

Conclusions

This is the first report of the treatment of ED with
autologous adipose-derived MSCs using papaverine as
a method to inhibit the migration of injected stem cells
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Time EHS score Before injection 3 months after injection

1 n=0 n=0
2 n=>5 n=1
3 n=9 n="17
4 n=0 n==6

* EHS, Erection Hardness Score

from the target organ. The main goal of this treatment was
to repair the damaged tissues or the vascular system of
the corpus cavernosum to improve the erectile function
of the patients.

Authors’ contributions

SAM and RAB wrote the manuscript. PDF analysed the
data. LOR edited the manuscript. ES and RR and VAY
found the sources.

Acknowledgments
Thanks to the Urology Research Center, Tehran University
of Medical Sciences, Tehran, Iran.

Conflict of interest
All authors declare that there is no conflict of interest.

Funding
There was no funding.

Ethics statement

The Ethics Committee of Tehran University of Medical
Ssciences approved this study (code: IR.TUMS.
MEDICINE.REC.1399.438).

Data availability
Data will be provided on request.

Abbreviations

ED Erectile dysfunction

EHS  Erection Hardness Score
IIEF  Index of Erectile Function
MSCs Mesenchymal stem cells
PRP  Platelet-rich plasma



Alternative Treatment for ED 64

References

10.

11.

17.

18.

20.

21.

22.

23.

Translational Research in Urology, 6(1): 60-65 Winter 2024

Health Nlo. Consensus development conference statement. Impo-
tence. December 7-9, 1992. Int J Impot Res. 1993;5(4):181-284.
Shamloul R, Ghanem H. Erectile dysfunction. The Lancet.
2013;381(9861):153-65.

Aghamir SMK, Guitynavard F. Erectile Dysfunctions. Stem Cells
in Urology. 2020:75-88.

Yafi FA, Jenkins L, Albersen M, Corona G, Isidori AM, Goldfarb
S, et al. Erectile dysfunction. Nat Rev Dis Primers. 2016;2:16003.
Johannes CB, Araujo AB, Feldman HA, Derby CA, Kleinman KP,
McKinlay JB. INCIDENCE OF ERECTILE DYSFUNCTION
IN MEN 40 TO 69 YEARS OLD: LONGITUDINAL RESULTS
FROM THE MASSACHUSETTS MALE AGING STUDY. The
Journal of Urology. 2000;163(2):460-3.

Rosen RC, Wing R, Schneider S, Gendrano N. Epidemiolo-
gy of Erectile Dysfunction: the Role of Medical Comorbidi-
ties and Lifestyle Factors. Urologic Clinics of North America.
2005;32(4):403-17.

Araujo AB, Mohr BA, McKinlay JB. Changes in sexual function
in middle-aged and older men: Longitudinal data from the Mas-
sachusetts Male Aging Study. Journal of the American Geriatrics
Society. 2004;52(9):1502-9.

Inman BA, Sauver JLS, Jacobson DJ, McGree ME, Nehra A, Li-
eber MM, et al., editors. A population-based, longitudinal study
of erectile dysfunction and future coronary artery disease. Mayo
Clinic Proceedings; 2009: Elsevier.

Prieto D. Physiological regulation of penile arteries and veins. In-
ternational Journal of Impotence Research. 2008;20(1):17-29.
Lue TF. Erectile dysfunction. New England Journal of Medicine.
2000;342(24):1802-13.

Mulhall JP, Bella AJ, Briganti A, McCullough A, Brock G. Erec-
tile function rehabilitation in the radical prostatectomy patient.
The journal of sexual medicine. 2010;7(4):1687-98.
Ghasemlouei A, Khayyamfar F, Forootan SK, Khayyamfar AM,
Vahdani M. Comparing the Effects of Vacuum Constrictive De-
vices and Intra-Cavernosal Injection of Papaverine for Erec-
tile Dysfunction Treatment. Translational Research in Urology.
2021;3(2):74-80.

Ghasemlouei A, Khayyamfar F, Foroutan SK, Rajabi M. Effect of
Modified Vacuum in Patients with Peyronie’s Disease and Erectile
Dysfunction. Translational Research in Urology. 2020;2(1):22-7.
Scott S, McKnoulty M, Roberts M, Chung E. Efficacy, commer-
cialisation and evidence relating to platelet rich plasma injections
for the treatment of erectile dysfunction. Bju International. 2018.
Park JS, Suryaprakash S, Lao YH, Leong KW. Engineering mes-
enchymal stem cells for regenerative medicine and drug delivery.
Methods. 2015;84:3-16.

Peak TC, Anaissie J, Hellstrom WIJ. Current Perspectives on
Stem Cell Therapy for Erectile Dysfunction. Sex Med Rev.
2016;4(3):247-56.

Lin C-S. Advances in stem cell therapy for the lower urinary tract.
World journal of stem cells. 2010;2(1):1.

Xin Z-C, Xu Y-D, Lin G, Lue TF, Guo Y-L. Recruiting endoge-
nous stem cells: a novel therapeutic approach for erectile dysfunc-
tion. Asian journal of andrology. 2016;18(1):10.

Neijenhuijs KI, Holtmaat K, Aaronson NK, Holzner B, Terwee
CB, Cuijpers P, et al. The International Index of Erectile Func-
tion (IIEF)—a systematic review of measurement properties. The
Journal of Sexual Medicine. 2019;16(7):1078-91.

Weiss P, Brody S. International Index of Erectile Function (IIEF)
Scores Generated by Men or Female Partners Correlate Equally
Well With Own Satisfaction (Sexual, Partnership, Life, and Men-
tal Health). The Journal of Sexual Medicine. 2011;8(5):1404-10.
Peak TC, Anaissie J, Hellstrom WJ. Current perspectives on stem
cell therapy for erectile dysfunction. Sexual Medicine Reviews.
2016;4(3):247-56.
Cyranoski D. Korean
2010;468(7323):485-.
Jung JW, Kwon M, Choi JC, Shin JW, Park IW, Choi BW, et
al. Familial Occurrence of Pulmonary Embolism after Intrave-
nous, Adipose Tissue-Derived Stem Cell Therapy. Yonsei Med J.

deaths spark inquiry. Nature.

24.

25.

26.

217.

28.

29.

30.

2013;54(5):1293-6.

Xu'Y, Guan R, Lei H, Li H, Wang L, Gao Z, et al. Therapeutic
Potential of Adipose-Derived Stem Cells-Based Micro-Tissues
in a Rat Model of Postprostatectomy Erectile Dysfunction. The
Journal of Sexual Medicine. 2014;11(10):2439-48.

Lin H, Dhanani N, Tseng H, Souza GR, Wang G, Cao Y, et al.
Nanoparticle Improved Stem Cell Therapy for Erectile Dysfunc-
tion in a Rat Model of Cavernous Nerve Injury. The Journal of
Urology. 2016;195(3):788-95.

RGDfK-Peptide Modified Alginate Scaffold for Cell Transplan-
tation and Cardiac Neovascularization. Tissue Engineering Part
A.2018;24(9-10):740-51.

Wei DX, Dao JW, Chen GQ. A micro-ark for cells: highly
open porous polyhydroxyalkanoate microspheres as inject-
able scaffolds for tissue regeneration. Advanced materials.
2018;30(31):1802273.

Koga S, Horiguchi Y. Efficacy of a cultured conditioned medium
of exfoliated deciduous dental pulp stem cells in erectile dys-
function patients. Journal of Cellular and Molecular Medicine.
2022;26(1):195-201.

Bahk JY, Jung JH, Han H, Min SK, Lee YS. Treatment of diabet-
ic impotence with umbilical cord blood stem cell intracavernosal
transplant: preliminary report of 7 cases. Exp Clin Transplant.
2010;8(2):150-60.

Haahr MK, Jensen CH, Toyserkani NM, Andersen DC, Damki-
er P, Serensen JA, et al. Safety and Potential Effect of a Single
Intracavernous Injection of Autologous Adipose-Derived Regen-
erative Cells in Patients with Erectile Dysfunction Following
Radical Prostatectomy: An Open-Label Phase I Clinical Trial.
EBioMedicine. 2016;5:204-10.



65 Alternative Treatment for ED

Author (s) biosketches

Mirsadeghi SA, MD, Kasra Hospital, Tehran, Iran.

Email: Dr.mirsadeghi@gmail.com

Arabzadeh Bahri R, MD, Universal Scientific Education and Research Network (USERN), Tehran, Iran.
Email: raz_bahri@yahoo.com

Dehghanpoor Farashah P, MD, Islamic Azad University of Medical Sciences, Tehran, Iran.

Email: parmida.farashah@yahoo.com

Seyedjafari E, PhD, Department of Biotechnology, College of Science, University of Tehran, Tehran, Iran.
Email: Ehsan jafari.trn@gmail.com

Rahimnia R, Assistant professor, Department of Medical Nanotechnology, School of Advanced Technologies in Medicine,
Tehran University of Medical Sciences, Tehran, Iran.

Email: rrahimnia@tums.ac.ir

Abedi Yarandi V, MD, Islamic Azad University of Medical Sciences, Tehran, Iran.

Email: drvahidabedi@gmail.com

How to cite this article

Mirsadeghi SA, Arabzadeh Bahri R, Dehghanpoor Farashah P, Seyedjafari E, Rahimnia R, Abedi
Yarandi V. Intracavernosal Injection of Autologous Adipose-Derived Mesenchymal Stem Cells as
an Efficient Alternative Treatment for Patients with Erectile Dysfunction. Transl. res. urol. 2024
Feb;6(1):60-65.

DOI:10.22034/TRU.2024.445771.1178

URL:https://www.transresurology.com/article 191233.html

Translational Research in Urology, 6(1): 60 -65 Winter 2024


https://www.transresurology.com/article_191233.html

