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Bone marrow-derived mesenchymal stem cells (BM-MSCs) are extensively used in regenerative 
medicine. The present work was aimed at investigating the effect of autologous BM-MSCs on semen 
characteristics and the blood flow of testes associated with hormonal levels of testosterone in testicu-
lar degeneration in stray dogs with induced mild heat stress by scrotal insulation. Ten stray male dogs 
were used in the study, which were exposed to mild heat stress (HS) through padding of the scrotum 
with a wool-blend sock for 96 h. Then, the dogs (n=10) were randomly distributed into 2 groups; 
group one (n=5; CON) was injected with 1 mL of phosphate-buffered saline (PBS) once in each testi-
cle and considered as control, whereas group two (n=5; BM-MSCs) was injected intra-testicularly 
with autologous bone marrow MSCs once for each testicle (1 mL of PBS containing the harvested 
MSCs) 3 weeks following HS induction. Testicular haemodynamics and semen pictures were deter-
mined at weeks 0, 2, 4, 6, 8 and 10 in both groups. The results showed that the dogs treated with 
autologous BM-MSCs had higher end diastolic velocity (EDV) and and peak systolic velocity (PSV) 
values (P<0.05) between 6th to 10th week following injection than those before treatments. However a 
significant (P<0.05) decrease in resistance index (RI) and pulsatility index (PI) values was also no-
ticed from the 4th until the 10th week. The single intra-testicular injection of autologous BM-MSCs 
resulted in significantly (P<0.05) increased sperm cell concentration, motility %, and live and normal 
spermatozoa, where the maximum value appeared after 10 weeks post-treatment of dogs as compared 
to day 0 and to the control dogs. Serum levels of testosterone and nitric oxide (NO) were significantly 
higher (P<0.05) in BM-MSCs-treated group from the 2nd week until the 10th week following injection 
than those before treatment and in the control group. In conclusion, this study demonstrates the effec-
tiveness of the autologous BM-MSCs treatment in increasing sperm concentration, motility % and 
also improving testicular blood flow besides levels of testosterone and NO. Further studies are needed 
to validate these findings.  
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INTRODUCTION 

Testicular degeneration (TD) affects be-
tween 15% and 58% of male dogs (Câ-
mara et al., 2018), making it one of the 
most prevalent reasons for acquired infer-
tility and poor semen quality (Fontbonne, 
2011). Testicular degeneration is charac-
terised by the loss of testicular function 
due to structural deterioration of the testis 
(Turner, 2007). This condition can impact 
one testis (unilateral) or both testes (bilat-
eral) and may involve the entire testis or 
just a portion of it. The testis is particu-
larly vulnerable to damage, which can 
result from either reversible or permanent 
degeneration of its seminiferous epithe-
lium caused by various factors (Parkinson, 
2001). These factors include autoimmune 
conditions, radiation exposure, exces-
sively high scrotal temperatures, scrotal 
trauma, exposure to toxins, certain nutri-
tional deficiencies, and infections from 
pathogenic organisms. Additionally, dogs 
have been reported to have idiopathic TD, 
although no underlying cause has been 
identified for this form (Fontbonne, 
2011).  

Scrotal insulation, which results in in-
creased testicular temperature, disrupts 
spermatogenesis (Hochereau-de Reviers  
et al., 1993). Experimental studies invol-
ving scrotal insulation have revealed sev-
eral adverse effects on ejaculates, includ-
ing decreased sperm output (Arman et al., 
2006), a lower percentage of motile sperm 
(Arman et al., 2006), reduced integrity of 
sperm plasma membranes, and a higher 
incidence of spermatozoa with abnormal 
morphology (Barth & Bowman, 1994).  

Stem cell therapy has emerged as a 
prominent field in both human and veteri-
nary medicine due to its immunomodula-
tory effects, ability to proliferate, potential 
for differentiation, anti-apoptotic proper-
ties, and expression of angiogenic cyto-

kines (Kossl et al., 2021). Additionally, 
various studies have demonstrated the 
capacity of stem cells to restore testicular 
structures and functions in multiple mod-
els of testicular damage induced in labora-
tory animals (Ismail et al., 2023b). 

Mesenchymal stem cells (MSCs) are 
multipotent stem cells that can be differ-
entiated into various types of cells such as 
neuronal cells, chondrocytes, adipocytes, 
cardiomyocytes and osteoblasts in vitro 
and in vivo under controlled conditions 
(Ishikawa et al., 2006). These cells can be 
isolated from many tissues, including fat, 
skin, and even the brain (Jordan et al., 
2009). However, the most common source 
to obtain these cells is the bone marrow.  

The bone marrow has traditionally 
been seen as an organ composed of two 
main systems: the haematopoietic tissue, 
which is the primary or main type of 
blood-forming tissue and the associated 
supporting stroma. The bone marrow is 
constituted of two separate and distinct 
stem cells. The haematopoietic stem cells 
(HSC) are responsible for the production 
and maintenance of all mature blood cells. 
The mesenchymal stem cells (MSC) con-
stitute the bone marrow stroma (Bonnet, 
2003). Due to their multilineage differen-
tiating ability, MSCs expand the possibili-
ties of regenerative medicine (Pezzanite et 
al., 2015), where their application helps to 
replace bone tissue and cartilage (Kangari 
et al., 2020). However, the low survival 
and transient retention of transplanted 
MSCs in host tissue (Miao et al., 2017) 
indicate that MSCs exert their therapeutic 
effects via secretion of bioactive factors 
that provide a favourable microenviron-
ment to facilitate the repair and regenera-
tion of injured tissues (Caplan, 2017).  

The paracrine effect of MSCs plays an 
important role, as angiogenesis, neuropro-
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tection, and immunoregulation in the tar-
get tissue are affected through the pro-
duction of important growth and trophic 
factors or bioactive molecules (Han et al., 
2022). Therefore, this study posits that the 
intratesticular administration of bone mar-
row mesenchymal stem cells may help to 
improve the low semen quality caused by 
heat stress in dogs. 

MATERIALS AND METHODS 

Experimental location and ethical  
approval 

This study was conducted at the Depart-
ment of Theriogenology, Faculty of Vet-
erinary Medicine, Cairo University (lati-
tude 30°01' N; longitude 31°21' E), from 
April 2024 to July 2024. The study re-
ceived ethical approval from the institu-
tional animal care committee of the Fac-
ulty of Veterinary Medicine, Cairo Uni-
versity (Approval Vet CU 18042024892) 

Animals and management 

Ten stray male dogs (average body 
weight: 30±0.5 kg; age: 2±0.5 years) of 
unknown breeding history were included 
in this study. Prior to the initiation of the 
experiment, all males underwent a clinical 
examination, followed by ultrasonography 
evaluation of the male reproductive or-
gans, including the testes, epididymis, and 
prostate. All findings were normal in 
terms of texture, size, and echogenicity. 
Ultrasonography examination, blood col-
lection, as well as semen collection and 
evaluation, were conducted on dogs for 
two consecutive weeks as a control. The 
results of the semen analysis indicated a 
concentration of 295.6±1.36 million sper-
matozoa per milliliter (×106/mL), motility 
percentage of 76.6±0.92%, live/dead ratio 

of 91.4±0.92 and abnormalities percent-
age of 12±0.70%.  

All dogs were exposed to mild heat 
stress (HS) through padding of the scro-
tum with a wool-blend sock for 96 h 
(Shahat et al., 2021). Following their ex-
posure to this HS, weekly examinations to 
monitor the effect of the HS on the semen 
quality were conducted. Three weeks after 
HS induction semen analysis results indi-
cated a spermatozoa concentration of 
128±0.70 ×106/mL, motility percentage of 
25.00±0.70%, live/dead ratio 70.00±0.70 
and abnormalities percentage of 74.20± 
0.86%. Then, the dogs (n=10) were ran-
domly distributed into 2 groups; group 
one (n=5; CON) was injected with 1 mL 
of phosphate-buffered saline (PBS) once 
in each testicle and considered a control, 
whereas group two (n=5; autologous BM-
MSCs) was intra-testicularly injected with 
autologous bone marrow MSCs once for 
each testicle (1 mL of PBS containing the 
harvested MSCs) 3 weeks following HS 
induction.  

All dogs were examined every 2 weeks 
for the following 10 weeks post injection. 
All dogs in the study were kept indoors, 
given regular exercise, and provided with 
a commercial diet consisting of cereals 
such as rice bran, lipids, vegetables, and 
vitamins. They also had unlimited access 
to water.  

Experimental design 

Males were subjected to routine examina-
tion at weeks 0, 2, 4, 6, 8 and 10 to deter-
mine the effect of the single intra-
testicular injection of autologous BM-
MSCs on testicular volume, serum testos-
terone and nitric oxide levels and semen 
pictures compared to control animals. 
Dogs were subjected to blood collection, 
semen collection and ultrasonography 
examination. The assessment was per-
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formed on week 0 before injection, and 
the examination was extended to 10 
weeks. 

Bone marrow MSC isolation and  
identification 

Fresh bone marrow (BM) was aspirated 
from the proximal tibia of healthy dogs 
under general anaesthesia. The anaesthe-
sia protocol included premedication with 
subcutaneous atropine sulfate (0.1 mg/kg), 
intramuscular xylazine (1 mg/kg), and 
intravenous induction with ketamine (10 
mg/kg) (Bahr et al., 2021). Bone marrow 
was obtained from the proximal ends of 
both tibias using an 18-gauge bone mar-
row biopsy needle connected to a hepari-
nised 20-mL collection syringe. After se-
curing the bone marrow needle in place 
within the tibia, the mandrel was removed, 
and 20 mL of bone marrow was aspirated 
from each tibia (Papa et al., 2024). To 
isolate BM-MSCs, a density gradient was 
performed using Ficoll solution (Sigma-
Aldrich). The collected MSCs were then 
suspended in phosphate-buffered saline 
(PBS) (Biowest) (Jung et al., 2008). Ap-
proximately 1 mL contains 1×106 MSCs 
(Yoon et al., 2012; Papa et al., 2024).  

Cells were identified as MSCs based 
on their morphology under inverted light 
microscope (Jung et al., 2008). 

Intra-testicular injection of BM-MSCs 

BM-MSCs was administered to the dogs, 
which were placed under a general anaes-
thesia regimen that included subcutaneous 
remedication with atropine sulfate (0.1 
mg/kg), intramuscular xylazine (1 mg/kg), 
and intravenous induction with ketamine 
(10 mg/kg) (Silva et al., 2020). Prior to 
the injection, the scrotum was clipped and 
disinfected with betadine. 

Injections were performed using a 
sterile 21-gauge needle inserted at the 

proximal end and withdrawn to the distal 
end, allowing for linear infiltration of the 
EV solution along the entire length of the 
needle track. The needle was positioned 
from the caudoventral aspect of each tes-
tis, approximately 1 cm from the epididy-
mal tail, and directed toward the dor-
socranial aspect of the testis (Jana & 
Samanta, 2007). One mL of PBS-MSCs 
suspension was injected into each testicle 
once. 

Ultrasonography evaluation 

Ultrasound examinations on the right and 
left testes of each dog were conducted 
using the EXAGO Doppler ultrasound 
device (EXAGO, IMV, France) equipped 
with a 7.5 MHz linear array transducer. 
The dogs were positioned in dorsal re-
cumbency, and acoustic gel was applied to 
the skin before placing the transducer on 
the lateral surface of the testis. Testicular 
length and width were measured using 
longitudinal and transverse B-mode imag-
ing, with the mediastinum serving as a 
reference point. Testicular volume was 
calculated using the formula for an ellip-
soid: V=length×width×height×0.5236 (de 
Souza et al., 2015) as shown in Fig. 1. 

Measurement of the testicular artery 
Doppler parameters 

For measuring testicular artery flow, color 
Doppler ultrasound was employed with 
the transducer initially placed at the neck 
of the scrotum to locate the tortuous distal 
(looping) segment of the supratesticular 
artery, just cranial to the cranial pole of 
the testis. The colour gain was adjusted to 
minimise excess colour noise, and the 
pulse-wave Doppler gate was positioned 
within the vessel lumen. Three cardiac 
cycles were used to obtain mean values 
for peak systolic velocity (PSV) and end-
diastolic velocity (EDV), which was then 
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utilised by the machine’s software to cal-
culate the resistance index (RI) and pulsa-
tility index (PI). The operator and ma-
chine settings (depth: 4.5–5.5 cm; pulse 
repetition frequency: 2.5 kHz; wall filter: 
5 cm/s; sample gate: 2.0 mm) were kept 
consistent across all examinations. The 
angle between the Doppler beam and the 
vessel’s long axis was maintained at less 
than 60°, with angle corrections applied as 
necessary. In most instances, an angle of 
0° was used (de Souza et al., 2015). 

Semen collection and evaluation 

The semen collection procedure was ide-
ally conducted with an estrous bitch pre-
sent. Initially, the dog’s penis was vigor-
ously stimulated through the prepuce at 
the level of the bulbus glandis until a par-
tial erection was achieved. Subsequently, 
the penis was squeezed between the 
thumb and index finger while pelvic 
thrusting was employed to induce full 
erection. Following the collection of the 
first two fractions, the semen samples 
were sent to the laboratory for further 
analysis. The ejaculates were collected 
into a cup that had been preheated to 36–

38 °C (Mickelsen et al., 1993). The first 
two fractions were analysed for sperm 
motility, morphology, live/dead ratio, and 
concentration. Sperm motility was as-
sessed by placing a drop of semen on a 
warmed microscope slide and estimating 
the progressive movement of sperm to the 
nearest 5% using a light microscope 
(100× and 400× magnification) (LABO-
MED, Labo America Inc., U.S.A.).  

To evaluate the numbers of live and 
dead spermatozoa as well as sperm mor-
phology, a small drop of semen was 
placed on a warmed slide and stained with 
eosin-nigrosin. A total of 100 to 200 
spermatozoa were counted under oil im-
mersion at 1000× magnification (Mickel-
sen et al. 1993). Sperm concentration was 
measured using a haemocytometer (Neu-
bauer counting chamber) and a light mi-
croscope at 400× magnification (LABO-
MED, Labo America Inc., U.S.A.) 
(England, 1999). 

Blood sampling and analysis 

Two milliliters of blood were collected 
from the cephalic vein and the samples 
were centrifuged at 3,000 g for 5 min at 

  

A B 

Fig. 1. Ultrasonography revealed the testicular dimensions to estimate the testicular volume using the 
ellipsoid shape formula. Length (1) and height (2) are measured in the longitudinal scan (A); while 
the testicular width (3) is measured in the transverse scan (B). 
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room temperature to obtain serum (Domo-
sławska & Zdunczyk, 2020). The resulting 
serum samples were then stored at 20 °C 
until further hormonal and biochemical 
analyses were conducted. 

Serum testosterone levels were meas-
ured using commercial ELISA kits (Di-
aSino Laboratories Co., Ltd., Zhengzhou, 
China) in accordance with the manufac-
turer’s instructions. The intra- and inter-
assay coefficients of variation were 3.3% 
and 4.8%, respectively, with an assay sen-
sitivity of 0.05 ng/mL. Additionally, nitric 
oxide (NO) levels in the serum samples 
were assessed using a spectrophotometer 
(Prietest Touch, Robonik, India) at 540 
nm, employing commercial nitric oxide 
kits (Bio-diagnostic, Dokki, Egypt) as per 
the manufacturer’s guidelines. 

RESULTS  

All animals tolerated the intra-testicular 
injections without adverse effects. There 
were no instances of fever or significant 
inflammatory swelling of the testis. Food 
consumption remained unaffected across 
the two groups of animals throughout the 
experiment. All dogs that received bone 
marrow MSCs remained in good health 
during the experimental period. No nota-
ble behavioural changes were observed in 
the animals throughout the study. 

Testicular volume  

Table 1 describes the influence of the sin-
gle intra-testicular autologous BM-MSCs 
injection on the testicular volume. At the 
beginning of the experiment, no signifi-
cant change in testicular volume could be 
detected among the two groups. Further-
more, the single intra-testicular injection 
of BM-MSCs resulted in non-significant 
increase (P˃0.05) in testicular volume 
when compared to the control group all 
over the experimental study (70 days), 
respectively.  

Testicular blood flow 

The data in Table 2 exhibit changes in 
testicular blood flow. At the beginning of 
the experiment, no significant between-
groups change in testicular blood flow 
could be detected. It was clear that a sin-
gle intra testicular injection of the autolo-
gous BM-MSCs resulted in a significant 
(P<0.05) decrease in RI and PI values 
compared to control untreated group at 
the 4th week until the 10th week of the 
study. With respect to duration of study, a 
significant (P<0.05) decrease in RI and PI 
values was also noticed from the 2nd week 
until the 10th week when compared with 
those obtained at day 0. However, the 
dogs treated with autologous BM-MSCs 
had higher EDV and PSV (P<0.05) from 
the 6th till the 10th week following injec-

Table 1. Effects of single intra-testicular injection of autologous bone marrow mesenchymal stem 
cells (BM-MSCs) on testicular volume (cm3) in induced mild testicular degeneration in stray male 
dogs (mean ± SEM) 

                Control group (n=5)              BM-MSCs group (n=5) Study in-
tervals Right testis Left testis Right testis Left testis 

0 week 7.23±0.14 6.79±0.24 7.14±0.08 6.98±0.35 
2nd week 7.05±0.18 6.90±0.36 7.32±0.26 6.99±0.36 
4th week 7.10±0.15 6.72±0.34 7.49±0.23 7.19±0.22 
6th week 7.09±0.16 6.85±0.13 7.50±0.25 7.10±0.29 
8th week 7.21±0.14 6.91±0.38 7.64±0.33 7.83±0.15 
10th week 7.24±0.16 6.90±0.35 7.80±0.26 7.84±0.16 
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tion than those in control untreated group 
(Fig. 2 and 3).  

Analysis of semen parameters  

The effect of intra-testicular injection of 
BM-MSCs on semen characteristics in 
dogs is shown in Table 3. The sperm cell 
concentration in BM-MSCs treated dogs 
was significantly higher (P<0.05) at 2 
weeks till the end of the study (10 weeks) 
than those seen before treatments and in 
the control group. The maximum value of 
sperm cell concentration obtained from 
treated dogs was attained by the 10th week 
following injection. No between-group 

differences in sperm motility values were 
detected at the start of experiment (day 0) 
till the 6th week. On the other hand, 
autologous BM-MSCs-treated dogs sho-
wed a substantial increase in sperm motil-
ity from the 8th till the 10th weeks follow-
ing injection when compared to the con-
trol group.  Live/dead spermatozoa (L/D) 
ratio increased significantly (P<0.05) 
from the 4th week, and continued to attain 
the maximum value at the 10th week  after 
the BM-MSCs treatment vs control dogs. 
The reverse trend was obtained in sperm 
cell abnormality. The intra-testicular BM- 

Table 2. Effects of a single intra-testicular injection of autologous bone marrow mesenchymal stem 
cells (BM-MSCs) on the testicular blood flow in stray male dogs with induced mild testicular degene-
ration (mean± SEM) 

Study 
intervals 

Parameter Control group  
     (n=5) 

BM-MSCs group 
(n=5) 

    
0 week Peak systolic velocity (cm/s) 21.04±0.53A, a 21.64±0.64A, a 

 End-diastolic velocity (cm/s) 5.37±0.20 A, a 5.77±0.3 A, a 
 Resistance index 0.74±0.02 A, a 0.75±0.07 A, a 
 Pulsatility index 1.50±0.05 A, a 1.50±0.05 A, a 

2nd week Peak systolic velocity (cm/s) 22.24±0.61 A, a 22.44±0.70 A, a, b 
 End-diastolic velocity (cm/s) 6.15±0.43 A, a 6.35±0.26 A, a 
 Resistance index 0.71±0.01 A, a 0.70±0.03 A, b 
 Pulsatility index 1.37±0.01 A, b 1.37±0.06 A, b 

4th  week Peak systolic velocity (cm/s) 20.84±0.91 A, a 23.64±1.19 A, a, b 
 End-diastolic velocity (cm/s) 5.39±0.55 A, a 6.39±0.55 A, a 
 Resistance index 0.72±0.01 A, a 0.64±0.01 B, c 
 Pulsatility index 1.36±0.08 A, b 1.16±0.02 B, c 

6th  week Peak systolic velocity (cm/s) 21.00±1.07 A, a 24.10±0.51 B, a, b 
 End-diastolic velocity (cm/s) 5.38±0.55 A, a 8.26±0.45 B, b 
 Resistance index 0.73±0.07 A, a 0.61±0.05 B, c, d 
 Pulsatility index 1.37±0.07 A, b 1.09±0.01 B, c, d 

8th  week Peak systolic velocity (cm/s) 20.52±0.99 A, a 24.84±0.45 B, b 
 End-diastolic velocity (cm/s) 5.38±0.55 A, a 8.67±0.62 B, b 
 Resistance index 0.72±0.08 A, a 0.59±0.01 B, d 
 Pulsatility index 1.36±0.09 A, b 1.00±0.04 B, d, e 

10th week Peak systolic velocity (cm/s) 20.54±0.98 A, a 24.86±0.44 B, b 
 End-diastolic velocity (cm/s) 5.38±0.55 A, a 8.87±0.51 B, b 
 Resistance index 0.73±0.07 A, a 0.59±0.01 B, d 
 Pulsatility index 1.36±0.08 A, b 0.98±0.03 B, e 

Means with different superscripts (A,B) within the same row and different superscripts (a,b,c,d,e) 
within the same column were significantly different at P<0.05. 
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Fig. 2. Colour Doppler ultrasonography images of the testes before and after injection. A1: 0 week 
in the control group. B1, C1, and D1: 2 weeks, 4 weeks, and 6 weeks, respectively, in the control 
group. A2: 0 week in the bone marrow MSCs group before the injection. B2, C2, and D2: 2 weeks, 
4 weeks, and 6 weeks, respectively, in the BM-MSCs group post-injection. 
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MSCs injection in dogs increased signifi-
cant (P<0.05) sperm cell concentration, 
motility, and live spermatozoa compared 
to those in controls. 

Serum testosterone and NO levels 

All autologous BM-MSCs treated dogs 
had significantly higher testosterone and 
NO levels (P<0.05) at the 2nd week to the 
10th week following injection compared to 
day 0 and to the control group. The 
maximum testosterone and NO levels in 
BM-MSCs treated dogs were observed at 
the 8th and the 10th weeks post injections. 
In addition, the autologous BM-MSCs 
dogs showed higher testosterone values 
(P<0.05) from the 2th to the 10th week vs 
day 0 (Table 4). However NO levels 
showed higher values (P<0.05) from the 

4th to the 10th week than those obtained 
before treatment (Table 5). 

DISCUSSION 

The study aimed to evaluate the effect of a 
single intra-testicular autologous BM-
MSCs injection in testicular degeneration 
induced through mild heat stress by scro-
tal insulation in stray dogs. Induced hy-
perthermia has been employed as a model 
to induce acute testicular degeneration 
across several species (Henning et al., 
2014). Testicular degeneration can be 
triggered by various chemical, physical, 
and microbial agents and is marked by the 
disruption of testicular structure and the 
loss of functionality (Fontbonne, 2011). In 
the current study, testicular heat stress led 
to a reduction in sperm concentration and 

  

E1 E2 

  

F1 F2 

Fig. 2 (cont’d). Colour Doppler ultrasonography images of the testes before and after injection.  
E1 and F1: 8 weeks and 10 weeks, respectively, in the control group. E2 and F2: 8 weeks and 10 
weeks, respectively, in the BM-MSCs group post-injection.  
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motility, as well as an increased number 
of dead and abnormal sperm. Previous re-
search in canines has shown that short-
term scrotal hyperthermia can lead to a 
considerable decline in semen quality 
(Henning et al., 2014). However, it is 
noteworthy that although semen para-
meters recovered over time in all the dogs 
in the present study, the dogs treated with 
autologous BM-MSCs exhibited improved 
semen quality compared to the control 
group, indicating a potential therapeutic 

benefit of MSCs in protecting testicular 
germ cells. 

Results revealed a statistically signifi-
cant (P<0.05) improvement in sperm con-
centration, motility, and live/dead ratios 
from weeks 2 to 10 post-injection com-
pared to both control group and pre-
treatment levels. This rapid improvement 
corresponds with the 62-day spermato-
genesis cycle in stray dogs (Soares et al., 
2009). Treated dogs also exhibited sig-
nificantly higher levels of NO and testos-
terone (P<0.05) compared to controls and 

  

A B 

  

C D 
Fig. 3. Pulsed-wave Doppler ultrasonography images of the testicular artery. A: control group and B: 
BM-MSCs group at 0 week before the injection. C: control group and D: BM-MSCs group 10 weeks 
post injection with the automatic calculation of both Doppler indices (RI and PI). The yellow star 
showed the maximum systolic point of velocity (MSV; cm/sec), while the red star showed the end 
point of velocity due to relaxation (EDV; cm/sec). RI=resistance index, PI=pulsatility index. 
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Table 3. Effects of a single intra-testicular injection of autologous BM-MSCs on sperm cell 
concentration (×106/mL), motility percentage, live/dead ratio, and abnormalities percentage in stray 
male dogs with induced mild testicular degeneration (mean ± SEM) 

Study 
intervals 

Parameter Control group  
(n=5) 

BM-MSCs group 
(n=5) 

0 week Sperm cell concentration (×106/mL) 129.14±0.51A,a 128.00±0.70 A,a 
 Motility percentage 25.80±0.86 A,a 25.00±0.70 A,a 
 Live/dead ratio 70.60±0.92 A,a 70.00±0.70 A,a 
 Abnormalities percentage 73.00±0.70 A,a 74.20±0.86 A,a 

2nd week Sperm cell concentration (×106/mL) 127.00±0.70 A,a,b 131.12±0.78 B,b 
 Motility percentage 45.60±0.92 A,b 45.00±0.71 A,b 
 Live/dead ratio 66.40±0.92 A,b 66.00±0.70 A,b 
 Abnormalities percentage 75.60±0.92 A,a 76.00±0.70 A,a 
4th week Sperm cell concentration (×106/mL) 126.08±0.66 A,b 133.18±0.70 B,b 
 Motility percentage 43.20±0.86 A,c 45.00±0.70 A,b 
 Live/dead ratio 69.00±0.70A,a,b,c 74.80±0.86 B,c 
 Abnormalities percentage 75.00±0.70 A,a,b 65.60±0.92 B,b 
6th week Sperm cell concentration (×106/mL) 125.28±0.75 A,b 137.30±0.66 B,c 
 Motility percentage 42.40±0.92 A,c 45.00±0.71A,b 
 Live/dead ratio 70.00±0.71A,c 81.20±0.87 B,d 
 Abnormalities percentage 77.00±0.71 A,b 61.20±0.86 B,c 
8th week Sperm cell concentration (×106/mL) 135.12±0.62 A,c 150.18±0.80 B,d 
 Motility percentage 45.80±0.86 A,b 51.60±0.92 B,c 
 Live/dead ratio 62.00±0.72 A,d 91.20±0.86 B,e 
 Abnormalities percentage 41.20±0.86 A,c 25.00±0.70 B,d 
10th week Sperm cell concentration (×106/mL) 135.10±0.64 A,c 154.94±0.67 B,e 

 Motility percentage 44.80±1.06 A,b,c 56.00±0.70 B,d 
 Live/dead ratio 66.00±0.70 A,e 92.20±1.28 B,e 
 Abnormalities percentage 45.20±0.86 A,d 23.60±1.02 B,d 

Means with different superscripts (A,B) within the same row and different superscripts (a,b,c,d,e) 
within the same column were significantly different at P<0.05. 
 
 
Table 4. Effects of a single intra-testicular injection of autologous Bone marrow mesenchymal stem 
cells (BM-MSCs) on serum testosterone (ng/mL) in stray male dogs with induced mild testicular 
degeneration (mean ± SEM; n=5) 

Study intervals Control group (n=5) BM-MSCs group (n=5) 

0 week 2.22±0.07 A,a 2.26±0.05 A, a 
2nd week 2.18±0.05 A,a 2.84±0.09 B, b 
4th week 2.12±0.05 A,a 3.22±0.10 B,c 
6th week 2.06±0.04 A,a 3.44±0.08 B, c 
8th week 2.05±0.04 A,a 4.08±0.07 B, d 
10th week 2.07±0.03 A,a 4.54±0.09 B, e 

Means with different superscripts (A,B) within the same row and different superscripts (a,b,c,d,e) 
within the same column were significantly different at P<0.05. 
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baseline measurements. Testosterone, es-
sential for maintaining seminiferous tu-
bule structure and function (Jegou & 
Sharpe, 1993), is directly associated with 
improved semen quality in treated dogs. 
NO hinders platelet aggregation and pre-
vents platelet adhesion with endothelial 
cells, thus playing a direct role in the ini-
tiation of the vasodilation process in the 
reproductive system, as previously de-
scribed in dogs (Salama et al., 2022). 

The specific mechanisms through 
which MSCs promote regeneration remain 
unclear. In cases of TD, it is suggested 
that MSCs facilitate regeneration by re-
leasing growth factors and cytokines that 
stimulate spermatogenic cell proliferation, 
provide antioxidant and antiapoptotic ef-
fects, and support the functionality of 
Leydig cells (Ismail et al., 2023a). Intra-
testicular MSC therapy has been associ-
ated with improvements in histological 
testicular features, such as seminiferous 
tubule diameter, the height of the germinal 
epithelial lining, and sperm count as well 
as enhanced antioxidant capacity, elevated 
testosterone levels, and better sperm pa-
rameters (Ismail et al., 2023b). Notably, 
in studies of testicular torsion-induced TD 
in rats, intra-testicular injections of al-
logeneic MSCs led to significant im-
provement in testosterone levels, allevi-

ated local oxidative stress, and inhibition 
of apoptosis in testicular tissue, while also 
improving sperm function (Sharifian et 
al., 2022). 

Previous studies have demonstrated 
the potential of MSCs in treating male 
infertility. Research by Zhang et al. 
(2014) demonstrated restored fertility in 
azoospermic rats following MSC trans-
plantation. Similarly, adipose-derived me-
senchymal stem cells (ADMSCs) treat-
ment repaired damaged testicular tissue, 
enhanced biochemical parameters, and 
modified pathological changes caused by 
cisplatin (Ismail et al., 2023b). These 
findings highlight the regenerative poten-
tial of MSCs in addressing infertility by 
differentiating into sperm-like cells and 
supporting spermatogenesis. 

In this study, BM-MSCs were shown 
to enhance testicular blood flow by in-
creasing PSV and EDV while reducing PI 
and RI in testicular arteries. A previous 
study demonstrated that BM-MSCs injec-
tion produced a higher amount of vascular 
endothelial growth factor (VEGF), the 
transforming growth factor b-I (TGFb-I), 
and NO, all of which contribute to angio-
genesis and arteriogenesis, so these 
changes suggest improved vascular perfu-
sion, facilitating better oxygen and nutri-
ent delivery to the testes (Jin et al., 2012). 

Table 5. Effects of a single intra-testicular injection of autologous Bone marrow mesenchymal stem 
cells (BM-MSCs) on serum nitric oxide (μmol/L) in stray male dogs with induced mild testicular de-
generation (mean ± SEM) 

Study intervals Control group (n=5) BM-MSCs group (n=5) 

0 week 32.77±0.42A,a 32.91±0.30 A,a 
2nd week 31.57±0.35 A,a 33.71±0.20 B,a 
4th week 32.64±0.29 A,a 39.42±0.28 B,b 
6th week 38.80±0.27 A,b 44.31±0.26 B,c 
8th week 43.55±0.69 A,c 58.14±0.33 B,d 
10th week 41.75±0.54 A,d 62.49±0.64 B,e 

Means with different superscripts (A,B) within the same row and different superscripts (a,b,c,d,e) 
within the same column were significantly different at P<0.05. 
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Further studies are needed to elucidate the 
molecular basis of improvement of semen 
quality and testicular hemodynamics fol-
lowing a single intra-testicular injection of 
autologous BM-MSCs. 

CONCLUSION 

This study represents the first report of a 
single intra-testicular injection of autolo-
gous BM-MSCs for treating testicular 
degeneration in stray dogs through scrotal 
insulation induced mild heat stress. The 
findings demonstrate significant im-
provements in testicular vascularisation, 
semen quality, and serum testosterone and 
nitric oxide. These results indicate that 
BM-MSCs could provide a novel, mini-
mally invasive therapeutic option for en-
hancing reproductive performance in male 
dogs and potentially in other species. 
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