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Abstract: Objective: In regenerative biology, the most commonly used cells are adipose tissue-derived mesenchy-
mal stem cells (AD-MSCs). This is due to the abundance and easy accessibility of AD-MSCs. Methods: In this study, 
canine AD-MSCs were harvested from different anatomical locations, i.e., subcutaneous (SC), omental (OM), and 
perirenal (PR). Various isolation techniques namely explants (TRT-I), collagenase-digestion (TRT-II), collagenase-
digested explants (TRT-III), and trypsin-digested explants (TRT-IV) were used to segregate the MSCs to evaluate cell 
doubling time, viability, and adipogenic/osteogenic lineage differentiation potential. Results: The study showed that 
the SC stem cells had superior growth kinetics compared to other tissues, while the cells isolated through TRT-II 
performed better than the other cell isolation procedures. The metabolic status of cells isolated from dog adipose 
tissue indicated that all cells had adequate metabolic rates. However, SC-MSCs derived from TRT-III and TRT-IV 
outperformed those derived from TRT-I and TRT-II. The differentiation analysis revealed that cells differentiate into 
adipogenic and osteogenic lineage regardless of treatment, as demonstrated by positive oil red O (ORO) and Alizarin 
Red S (ALZ) stain. It is worth mentioning that cells derived from TRT-III had larger and more intracellular droplets 
compared to the other treatments. The TRT-I, -II, and -III showed greater osteogenic differentiation in cells isolated 
from PR and OM regions compared to SC-derived cells. However, the TRT-IV resulted in better osteogenic differentia-
tion in cells from SC, followed by the OM and PR-derived cells. Conclusion: It is concluded that all methods of MSCs 
isolation from adipose tissues are successful; however, the TRT-II had the highest rate of cell re-assortment from the 
SC, while, TRT-II and -IV are most suitable for isolating cells from PR and OM adipose tissue.
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Introduction

Stem cells are the “blank” cells of the mamma-
lian body with an unlimited capacity to divide 
and proliferate into distinct lineages. Stem cells 
are widely regarded as an important compo-
nent of regenerative medicine. In recent years, 
regenerative medicine has become a major 
focus of human and veterinary research. As 
research progresses, and the idea of one 
health evolves, companion animals like dogs, 
cats and horses, as well as farm animals like 

cows, sheep and goats and pigs, have been 
identified as the best translational models of 
human diseases [1]. Based upon sources, stem 
cells (SCs) are classified into three categories: 
embryonic stem cells (ESCs), adult/mesenchy-
mal stem cells (MSCs), and induced pluripotent 
stem cells (iPSCs) [2]. Adult stem cells are pref-
erable to embryonic stem cells for ethical and 
immunological reasons and are better suited 
for disease biology research [3, 4]. Mesoderm-
derived MSCs help in body growth, wounds 
healing, and are capable of self-repair [5]. In 
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canines, MSCs can be isolated from adipose 
tissue [6], bone marrow, umbilical cord, Whar- 
ton’s jelly [7], and synovial fluid [8]. The ISCT 
(International Society of Cellular Therapy) rec-
ommends three key characteristics of MSCs: 
they express CD73, CD90, and CD105; they 
stick to plastic surfaces; and they can differen-
tiate into adipogenic, chondrogenic, and osteo-
genic lineages [9].

A large number of adipose-derived mesenchy-
mal stem cells (AD-MSCs) are needed for trans-
plantation that can be obtained using an effi-
cient source and isolation technique. Previous 
studies compared the isolation, characteriza-
tion, and differentiation of AD-MSCs from dif-
ferent sources while using the same method to 
isolate MSCs [8-10]. Due to the diversity of tis-
sue structures, different protocols can be used 
to achieve optimal stem cell isolation. Different 
cell types also have diverse cell-cell/matrix 
interactions, resulting in different MSC yields. 
As a result, there is a pressing need to develop 
optimal separation techniques for different tis-
sues. One of the oldest techniques for mesen-
chymal stem cell isolation and in vitro propaga-
tion is tissue explants, which involves cutting 
tissue into small pieces to allow diffusion of 
gases and nutrients [11, 12]. One of the disad-
vantages of tissue explant cultures is that each 
tissue requires a different size of cut to absorb 
sufficient gases and nutrients and release 
cells. An alternative approach to isolating MSCs 
is to use enzymes to ensure good tissue diges-
tion, optimal cell yield, optimal cell survival, and 
minimal cytotoxicity. The enzyme that is the 
most commonly used for this purpose is colla-
genase, which is obtained from the bacterium 
Clostridium histolyticum [13]. However, trypsin 
can also be used for this purpose [14]. During 
enzymatic digestion, the exposure time of the 
enzyme with the tissue is critical for cell sur-
vival and yield, as it damages the cell mem-
brane and makes it difficult for the cells to 
adhere to the culture flask. Therefore, the pur-
pose of this study was to perform a compara-
tive analysis of various isolation assays for yield 
generation, in vitro propagation, and differenti-
ation of canine AD-MSCs.

Material and methods

Materials acquired for the study

Cell culture grade chemicals were used in this 
study. Low glucose Dulbecco’s Modified Eagle’s 

Medium (LG-DMEM) and FBS were purchas- 
ed from BioWest (Nuaillé, France). Penicillin-
streptomycin, amphotericin-B, and trypsin-ED- 
TA (0.5% and 5.3 mM w/v, respectively) were 
acquired from Caisson (Smithfield, UT, USA). 
Minimum essential medium-alpha (α-MEM) 
was purchased from Gibco (USA), and Ex-Cyte 
from Millipore (Billerica, MA, USA). Insulin (3.5 
mg [100 IU]/ml) was obtained from Novo 
Nordisk (Søborg, Denmark). Collagenase Type-I, 
MTT dye, and TRIZOL reagent, were procured 
from Solarbio (Fengtai, China). Dimethyl sulfox-
ide (DMSO), formalin, Triton X-100, isobutyl-
methylxanthine (IBMX), Dulbecco phosphate 
buffer saline (DPBS-/-; without Ca2+ and Mg2+), 
and Alizarin Red S stain (ARS) were acquired 
from Sigma-Aldrich (Taufkirchen, Germany). 
The antifade mounting media were obtained 
from Vecta Shield (St. Neots, UK). The Oil Red O 
(ORO) was acquired from Thermo Scientific 
(Chino, California, USA). T-25 and T-75 cell cul-
ture flasks, serological pipettes, 6-well, 24-well, 
and 48-well cell culture plates, and cell strain-
ers were received from Corning (NY, USA).

Tissue collection

Severely injured dogs (n = 3) aged 6 to 12 
months were admitted to Veterinary Medical 
Teaching Hospital, Faculty of Veterinary and 
Animal Sciences, PMAS-Arid Agriculture Uni- 
versity, Rawalpindi. Dogs were thoroughly 
examined and after the hospital surgeon’s 
approval, euthanized following AVMA guidelines 
[15]. Briefly, animals were placed under deep 
anesthesia by intramuscular injection of xyla-
zine and ketamine (1:5 mg/kg), followed by 
intravenous administration of MgSO4 (1 g/kg) 
to induce cardiac arrest. Subcutaneous (SC), 
omental (OM), and perirenal (PR) adipose tis-
sue was then isolated (Figure 1) and stored in 
DPBS-/- supplemented with 5% penicillin-stre- 
ptomycin (100 U/mL-100 µg/mL) and ampho-
tericin-B (250 mg/L) and transported to the 
Stem Cell Laboratory. The experiments were 
approved by the Institutional Ethics Committee 
(Protocol Code PMAS-AAUR/IEC/665).

AD-MSCs isolation and culture

The following four treatment (TRT) methods 
were used to isolate and culture the AD-MSC.

Plain explants (TRT I): The fat samples collect-
ed from the SC, OM, and PR regions were cut 
into the same size fractions, placed in a six-well 
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cell culture plate, and supplemented with gen-
eral media (LG-DMEM, augmented with 10% 
FBS, 1% penicillin-streptomycin, and amphoter-
icin-B). The culture plate was placed in a well-
maintained and humidified incubator at 37°C 
with 5% CO2.

Adipose tissue-collagenase digested (TRT II): 
Each adipose source yielded ~3 grams of fat 
samples, washed, and cut into slurry. The slurry 
was then kept in 5% penicillin-streptomycin/
amphetamine-B solution, and digested with 
Type I collagenase (0.1 mg/mL) in LG-DMEM 
without FBS and incubated for 135 min under 
37°C. The enzyme activity was terminated by 
adding the general medium and free cells were 
filtered by a cell strainer (100 µm). The obtained 
cells were centrifuged for 10 min at 548 g. The 
recovered cell pellet was re-suspended in the 
general medium which was then transferred to 
a T-25 cell culture flask and incubated in a 
humidified environment with general media 
changes every 48 h until confluence levels 
reached 80-90%.

Collagenase digested explants (TRT III): In this 
group, no adipose tissue was removed from the 
upper strainer. Instead, the remaining chunks 
of it were used as explants in 6-well cell culture 
plates. The general media was added to the 
sticky explants and the plate was transferred to 
the humidified incubator.

Trypsin digested explants (TRT IV): Each tissue 
source contains ~3 g of fat samples. The fat 
samples were washed and then cut into a slurry 
composed of 5% penicillin/streptomycin and 
amphotericin-B solution. Then, the slurry was 
digested with 0.06% Trypsin EDTA at 37°C for 
30 min, and then a general medium was added 
to inhibit the enzyme activity. The digested fat 
was sieved through a 100 µm cell strainer and 

the remaining chunks on the strainers were 
used for explants. The explants were carefully 
placed on a 6-well culture plate and general 
media was poured over them. The plates were 
incubated at in a humidified incubator at 37°C.

AD-MSCs passaging: After reaching 80-90% 
confluence, the cells of each treatment were 
transferred to the subsequent passages. 
Briefly, the confluent state of the cells was 
washed with DPBS-/- and treated with the work-
ing solution of trypsin EDTA (0.05% + 0.53% 
w/v) and placed in a humidified environment at 
37°C with 5% CO2 for 10 min. The enzymatic 
activity was blocked with general media, and 
the recovered cell pellet was centrifuged at 
548 g, and then sub-cultured until passage 
number two (P-2).

AD-MSCs growth analysis

Added 5,000 cells to each well of a 48-well 
plate to obtain a growth curve. The media was 
removed on the 3rd and 6th days after seeding. 
The cells were washed with DPBS-/-, trypsinized 
as described in the preceding section. The col-
lected cell pellet was resuspended with 1 mL of 
general medium and quantified in a modified 
Neubauer chamber. The cell viability was evalu-
ated by trypan blue exclusion (> 92%) and the 
growth curve was determined as follows: DT = 
CT × log2/log (N1/N0). 

Where DT = Doubling time, CT = culture time, N1 
= cells harvested, N0 = cells seeded.

AD-MSCs proliferation test

The AD-MSCs proliferation at P3 on days 3  
and 6 was quantified by the application of  
3-(4, 5-Dimethylthiazol-2-Yl)-2, 5-Diphenyltetra- 
zolium Bromide (MTT dye). A total of 5,000 cells 

Figure 1. Adipose tissue collection form dogs. A: Subcutaneous. B: Omental. C: Perirenal.
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were seeded in each well of a 48-well culture 
plate. Viable cells were evaluated by adding 
MTT dye at 0.25 µg/ml. Cells were then cul-
tured in a humidified incubator at 37°C, 5% CO2 
for 180 min. MTT was reduced in viable cells. 
The supernatant was carefully removed, blue 
formazan cell crystals were mixed with 100 µL 
of DMSO. Thereafter, the absorbance was 
recorded at 630 nm using a microplate reader 
(BioTek 800TS, USA).

AD-MSCs cellular differentiation assay

AD-MSCs isolated from TRT I to IV at P-3 were 
induced to differentiate into adipogenic and 
osteogenic lineages according to our previously 
reported study [16]. For adipogenic differen- 
tiation, cells were cultured in 24-well culture 
plates with general media. After 80-90% con-
fluence, general medium was replaced by adip-
ogenic induction medium (LG-DMEM, supple-
mented with 10% FBS, 10 mM isobutylmethylx-
anthine (IBMX), 10 µM Rosiglitazone, 1 mM 
dexamethasone, 5 μg/mL insulin, and 1% peni-
cillin-streptomycin and amphotericin-B) for 48 
h. Subsequently, adipogenesis maintenance 
medium containing LG-DMEM supplemented 
with 1% Ex-cyte, 5 μg/mL insulin, and 1%  
penicillin-streptomycin and amphotericin-B was 
administered to the cells for 7 d. To confirm adi-
pogenesis, Oil red O (ORO) staining was used. 
Briefly, the culture media from each well was 
removed, cells were washed with DPBS-/- and 
fixed with 4% formalin for 30 min. Finally, cells 
were incubated with 6:4 working ORO solution 
for 30 min in the dark. The stain was removed 
and cells were re-washed with DPBS-/- and 
inspected under an inverted light microscope. 
The ORO stain from developed adipocytes was 
eluted with anhydrous Isopropanol, and the 
absorbance was measured at 490 nm with a 
microplate reader.

To enable osteogenic differentiation, the cells 
were cultured in the 24-well culture plates sup-
plemented with general media until 80-90% 
confluence was reached. The cells were then 
kept with osteogenic differentiation media 
[Alpha-Minimum Essential Media (α-MEM) 
added with 10% FBS, 100 mM ß-glycero- 
phosphate, 50 mM ascorbate-2-phosphate, 1 
mM dexamethasone, 1% penicillin-streptomy-
cin and amphotericin-B]. Cells were maintained 
in the osteogenic medium for 21 d, with medi-
um changes every 48 h. To confirm mineraliza-
tion, cells were stained with Alizarin red-S stain-

ing (ALZ). Briefly, after removing the medium, 
cells were washed with DPBS-/- and fixed (4% 
formalin) for 30 min at room temperature. Cells 
with ALZ (40 mM) were incubated for 45 min in 
the dark, and then the stain was carefully 
removed, washed with DPBS-/-, and observed 
under a light microscope.

Statistical analysis

The statistical analysis was performed using 
Sigma Plot 12.0 software by Systat Software 
Inc. (San Jose, CA, USA). All ORO, growth and 
proliferation experimental data were analyzed 
using ANOVA and expressed as Mean ± SD.  
To determine whether there was a difference 
between the groups, the Holm-Sidak test was 
used. All experiments were performed in dupli-
cate. Statistical significance was presented 
using a P-value < 0.05.

Results

AD-MSCs isolation and culturing

The AD-MSCs were isolated from the SC, OM, 
and PR adipose tissues and cultured using four 
different isolation methods: TRT-I, TRT-II, TRT-
III, and TRT-IV. Isolated adipose tissue-derived 
AD-MSCs exhibit a typical fibroblastic pheno-
type and adheres to the plastic culture flasks 
(Figure 2).

AD-MSCs growth time

The cumulative doubling time at P3 was deter-
mined on day 3 after culture of MSCs isolated 
from all three adipose sources (SC, PR, and 
OM). A non-significant increase in cell count 
was observed in cultured cells harvested by 
TRT-IV. Overall, there were no significant differ-
ences in cell doubling times between all treat-
ment regimens and tissue sources (Figure 3A). 
On day 6 post-culture, there was also a non-
significant increase in the cell number in TRT-II 
as shown in Figure 3B. In general, there is  
no difference in cell doubling time between 
treatments and tissue sources. Cumulative 
doubling time results showed that neither tis-
sue source nor cell isolation treatment affected 
cell proliferation.

AD-MSCs viability assay

At P3, the cell metabolism of AD-MSCs was 
evaluated at days 3 and 6 post-culturing, iso-
lated from the SC, PR, and OM fat sources,  
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and subjected to four differ-
ent treatment (I-IV) protocols 
(Figure 4A, 4B). On day 3,  
cellular metabolism of AD- 
MSCs isolated by TRT-IV was 
significantly elevated (P > 
0.001), whereas cellular me- 
tabolism from TRT-I to III re- 
mained non-significant. Cor- 
respondingly, at day 6 of post-
culturing the AD-MSCs isolat-
ed via TRT-IV showed signifi-
cantly higher cellular metabo-
lism compared to the other 
treatment methods. 

AD-MSCs adipogenic differ-
entiation

The MSCs of the adipogenic 
lineage (SC, OM, PR) were  
differentiated into adipocytes 
for 7 days. The cells were 
stained with ORO for the 
detection of intracellular lip-
ids (Figure 5A). TRT-IV-har- 
vested AD-MSCs (OM and 
PR-derived) showed disper- 
sed small lipid droplets while 
MSCs derived from SC from 
TRT-IV exhibited large fat 
droplets compared to other 
fat sources, and both large 
and small fat droplets were 
present in PR. Plain explants 
and collagenase-digested ce- 
lls demonstrated the uptake 
of diffused lipids. For quan- 
titative analysis, ORO stain 
was eluted in an anhydrous 
isopropanol alcohol and ab- 
sorbance was measured by 
spectrophotometer at 490 
nm. Non-significant differenc-
es were observed for the tis-
sue sources. However, there 
was a statistically significant 
difference between the TRT-III 
and TRT-IV (P < 0.03; Figure 
5B).

AD-MSCs osteogenic differen-
tiation

AD-MSCs from SC, OM, and 
PR were induced using an 

Figure 2. Culturing of canine AD-MSCs at P3 (Objective 25×). A: Subcutane-
ous fat-derived AD-MSCs. B: Omental fat-derived AD-MSCs. C: Perirenal fat 
derived AD-MSCs. All isolated AD-MSCs have a typical fibroblastic appear-
ance. Abbreviation: TRT: Treatment. Scale Bar (25 µm).

Figure 3. AD-MSCs growth curve analysis at P3. A: Doubling time of AD-MSCs 
on the 3rd day post-culturing. B: Doubling time of AD-MSCs on the 6th day of 
post-culturing. Abbreviation: TRT: Treatment.
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osteogenic medium for 21 days and compared 
with the control group treated with a general 
growth medium. ALZ staining was observed in 
all induced groups compared with the control 
group (Figure 6). High ALZ staining levels were 
observed in the PR and OM of all explant groups 
(Figure 6), i.e., trypsin, collagenase-digested, 
and normal explants.

Discussion

A perfect and excellent MSC isolation source 
must have a high volume of stem cells and be 
readily available for clinical use. Adipose tissue 

or mesenteric adipose tissue and showed that 
the population doubling time of SC adipose tis-
sue was better than that of visceral adipose tis-
sue [20, 21]. The MTT values were greater for 
SC sources than for fat pads. However, another 
study in horses showed that retroperitoneal fat 
was superior to SC fat sources [22]. This finding 
may be attributed to either the species effect 
or the age of the animals. A similar study com-
pared nine isolation protocols for AD-MSC 
using non-enzymatic digestion and enzymatic 
digestion using collagenase, RBC lysis buffer, 
and different trypsin concentrations. Studies 
have found that digestion with trypsin is the 

Figure 4. Cellular viability AD-MSCs at P3. A: Cellular viability at 3rd day of 
post-culturing of AD-MSCs. B: Cellular Viability at 6th day of post-culturing of 
AD-MSCs. Superscript A, B indicates the P < 0.005. The data is represented 
in Mean ± SEM. Abbreviation: TRT: Treatment.

is the most suitable source 
for MSC culture because it  
fulfils all the requirements for 
regenerative medicine [17, 
18]. This paper compared 
four different isolation tech-
niques for MSCs extracted 
from SC, OM, and PR fat. The 
study compared the tradi- 
tional enzyme digestion tech-
nique with the new digested 
adipose explant implantation 
technique. Comparison of iso-
lation methods will help the 
clinician to obtain a reason-
able number of high-perform-
ing MSCs. Armed with this 
information, clinicians can not 
only select an appropriate 
source but also choose a spe-
cific approach to target fat in 
specific areas.

There was no significant dif-
ference in cell doubling time 
(P > 0.05), but a significant 
difference in cell viability was 
observed. Cell metabolic ac- 
tivity was increased (P < 
0.001) in TRT IV-harvested 
cells regardless of tissue 
source. Similar findings were 
observed in a study compar-
ing SC adipocytes to visceral 
fat adipocytes. SC fat-deriv- 
ed adipocytes were shown to 
have a better population dou-
bling time than visceral fat 
[19]. Another study looked at 
the proliferative potential of 
MSCs obtained from SC, OM 
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most efficient and cost-effective way to obtain 
MSCs. The cost-effectiveness of trypsin com-
pared to the conventional and frequently used 
collagenase type 1 is 40 times that of trypsin. 
The study also found that the reduced concen-
tration (25%) of trypsin resulted in better results 
[23, 24]. According to Salehinejad et al. [13] 
MSCs were not found in trypsin culture flasks. 
This may be due to the sensitivity of cells, and 
long-term exposure to trypsin may cause cell 
damage [14, 24]. Enzymatic digestion of peri-
vascular dog umbilical cord tissue with collage-
nase and hyaluronidase generates high-quality 

counts as compared to enzyme digestion by 
collagenase type II. Mitotic genes were upre- 
gulated in explant cultures, indicating that 
explants are superior to enzymatically digested 
tissue [26]. According to one study, explants 
may take longer to recuperate MSCs compar- 
ed to traditional enzymatic digestion due to 
reduced proteolysis [27]. Therefore, we hypoth-
esized that enzymatic digestion of explants 
might show better MSC debut, thereby promot-
ing MSC migration. Several studies have shown 
that anatomical sites play an important role in 
stem cell isolation. For example, in a compara-

Figure 5. The AD-MSCs after their adipogenic differentiation were stained with oil-red-O stain. A: Control and differ-
entiated AD-MSCs isolated with different (Objective 20×) treatments. Scale bar = 25 μm. B: For quantification, ORO 
stain eluted from control and differentiated AD-MSCs. The data was represented as the mean ± SEM. Superscripts 
letter * indicates a level of significance P < 0.05. Abbreviations: SC: Subcutaneous fat derived AD-MSCs, OM: Omen-
tal fat derived AD-MSCs, PR: Perirenal fat derived AD-MSCs.

Figure 6. Alizarin red staining of AD-MSCs in osteogenic medium after 21 
days. Control and osteogenic cells show deposition of hydroxyapatite mineral 
stained red with Alizarin red stain (objective 20×). Scale Bar = 25 μm. Abbre-
viations: SC: Subcutaneous fat derived AD-MSCs, OM: Omental fat derived 
AD-MSCs, PR: Perirenal fat derived AD-MSCs.

MSCs with high multiline- 
age differentiation capabili-
ties [25]. In our study, all 
treatments actively produced 
MSCs, possibly because fat 
was processed with two en- 
zymes on an individual basis.

Enzymatic digestion is the 
most efficacious isolation 
method when multiple cells 
are needed. However, ex- 
plants are more effective due 
to lower resource consump-
tion. This claim is backed up 
by a study, which states that 
MSC extracted from human 
cord-derived Wharton’s jelly 
produced by explant culture 
releases high levels of fibro-
blast-like cells and high cell 
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tive study, SC fat demonstrated superior MSC 
potential compared to visceral fat sources [10]. 
Our study shows that SC fat outperforms other 
sources when using plain explants, but OM, SC, 
and PR fat have very similar results in terms  
of metabolic activity of collagenase-digested 
cells. The treated explants had a higher physi-
cochemical gumminess compared to standard 
explants, which led to a decrease in their float-
ability. In a recent study, enzyme-free isolation 
of MSCs from the human placenta (decidua 
basalis) was reported, cut into explants, and 
cultured directly in a cell culture medium. A 
high yield of cells was obtained with MSC cell 
surface marker expression and strong multi- 
lineage differentiation capabilities. This study 
strongly suggests that the enzyme-free ex- 
plant-based cell culture technique is the pre-
ferred method for MSC isolation for humans 
[28]. Another study showed that stem cell iso-
lates from cryopreserved microfragmented adi-
pose tissue derived from knee osteoarthritis 
patients showed enhanced cellular metabolic 
function, enhanced differentiation potential, 
and higher MSC count by the explant culture 
method compared to the enzymatic digestion 
technique [29]. Alizarin staining can also be 
used to study the osteogenic differentiation 
characteristics of MSCs [30]. Visceral (Peri- 
renal) adipose tissue and subcutaneous adi-
pose tissue were found to be almost identical 
in terms of adipogenicity [31, 32]. In another 
study, MSCs isolated from peritoneal fat were 
found to secrete intracellular lipids earlier than 
those isolated from SC adipose tissue [33].

We conclude that all treatments of cells isolat-
ed from the tissues and methods described 
above were successful and resulted in the 
recovery of MSCs. However, it was discovered 
that collagenase digestion of explants was the 
most effectual for increasing cell isolation from 
SC. Trypsin-treated explants are most effective 
for isolating cells from visceral adipose tissue. 
Furthermore, MSCs obtained from all types of 
treatments showed differentiation into either 
adipocytes or osteocytes. However, this is not a 
true indicator of stem cell differentiation into a 
particular cell type. Therefore, ultrastructural 
examination of differentiated MSCs is required. 
Overall, this study provides pilot-scale data on 
how best to isolate MSC from multiple sources 
of adipose tissue in dogs. To obtain more effi-
cient connective tissue stem cells, SC- and 

OM-derived MSCs, it is recommended to use 
collagenase- or trypsin-digested explants. This 
study will open new perspectives for future 
detailed in vitro or in vivo experiments for each 
isolation procedure and be applicable to differ-
ent types of MSC sources from different spe-
cies. It will also pave the way to identify the 
most practical, cost-effective, time-saving and 
high MSC yield options.

Acknowledgements

The contents of this manuscript were support-
ed by the Higher Education Commission of 
Pakistan (NRPU No. 7830) to the author, 
Mansur Abdullah Sandhu.

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Mansur Abdullah 
Sandhu, Veterinary Physiology Laboratory, Depart- 
ment of Veterinary Biomedical Sciences, Faculty of 
Veterinary and Animal Sciences, Pir Mehr Ali Shah 
Arid Agriculture University, Rawalpindi 46300, 
Punjab, Pakistan. Tel: +92-51-9292144; E-mail: 
mansoorsandhu@uaar.edu.pk

References

[1] Volk SW and Theoret C. Translating stem cell 
therapies: the role of companion animals in 
regenerative medicine. Wound Repair Regen 
2013; 21: 382-394.

[2] Wei X, Yang X, Han ZP, Qu FF, Shao L and Shi 
YF. Mesenchymal stem cells: a new trend for 
cell therapy. Acta Pharmacol Sin 2013; 34: 
747-754.

[3] Vogel G. Stem cell policy. Can adult stem cells 
suffice? Science 2001; 292: 1820-1822.

[4] Musial-Wysocka A, Kot M and Majka M. The 
pros and cons of mesenchymal stem cell-
based therapies. Cell Transplant 2019; 28: 
801-812.

[5] Hernandez-Monjaraz B, Santiago-Osorio E, 
Monroy-Garcia A, Ledesma-Martinez E and 
Mendoza-Nunez VM. Mesenchymal stem cells 
of dental origin for inducing tissue regenera-
tion in periodontitis: a mini-review. Int J Mol Sci 
2018; 19: 944.

[6] Rashid U, Sandhu MA, Yaqoob M and Yousaf A. 
Critical bone gap repair using autologous adi-
pose derived canine mesenchymal stem cell 
graft. Pak Vet J 2021; 41: 513-518.

[7] Kang BJ, Ryu HH, Park SS, Koyama Y, Kikuchi 
M, Woo HM, Kim WH and Kweon OK. Compar-

mailto:mansoorsandhu@uaar.edu.pk


Isolation procedures of MSC

35 Am J Stem Cells 2024;13(1):27-36

ing the osteogenic potential of canine mesen-
chymal stem cells derived from adipose tis-
sues, bone marrow, umbilical cord blood, and 
Wharton’s jelly for treating bone defects. J Vet 
Sci 2012; 13: 299-310.

[8] Sasaki A, Mizuno M, Ozeki N, Katano H, Otabe 
K, Tsuji K, Koga H, Mochizuki M and Sekiya I. 
Canine mesenchymal stem cells from synovi-
um have a higher chondrogenic potential than 
those from infrapatellar fat pad, adipose tis-
sue, and bone marrow. PLoS One 2018; 13: 
e0202922.

[9] Dominici M, Le Blanc K, Mueller I, Slaper-Cor-
tenbach I, Marini F, Krause D, Deans R, Keat-
ing A, Prockop Dj and Horwitz E. Minimal crite-
ria for defining multipotent mesenchymal 
stromal cells. The International Society for Cel-
lular Therapy position statement. Cytotherapy 
2006; 8: 315-317.

[10] Rashid U, Yousaf A, Yaqoob M, Saba E, 
Moaeen-Ud-Din M, Waseem S, Becker SK, 
Sponder G, Aschenbach JR and Sandhu MA. 
Characterization and differentiation potential 
of mesenchymal stem cells isolated from mul-
tiple canine adipose tissue sources. BMC Vet 
Res 2021; 17: 388.

[11] Badylak S, Atala A, Lanza RJeAA and Lanza RP 
AP. Methods in Tissue Engineering. New York; 
2002. pp. 505-514.

[12] Sandhu MA, Jurek S, Trappe S, Kolisek M, 
Sponder G and Aschenbach JR. Influence of 
bovine serum lipids and fetal bovine serum on 
the expression of cell surface markers in cul-
tured bovine preadipocytes. Cells Tissues 
Organs 2017; 204: 13-24.

[13] Salehinejad P, Alitheen NB, Ali AM, Omar AR, 
Mohit M, Janzamin E, Samani FS, Torshizi Z 
and Nematollahi-Mahani SN. Comparison of 
different methods for the isolation of mesen-
chymal stem cells from human umbilical cord 
Wharton’s jelly. In Vitro Cell Dev Biol Anim 
2012; 48: 75-83.

[14] Freshney RI. Culture of animal cells: a manual 
of basic technique and specialized applica-
tions. John Wiley & Sons; 2015.

[15] Underwood W and Anthony R. AVMA guidelines 
for the euthanasia of animals: 2020 edition. 
2020; 2013: 2020-2021.

[16] Rashid U, Saba E, Yousaf A, Tareen WA, Sarfraz 
A, Rhee MH and Sandhu MA. Autologous plate-
let lysate is an alternative to fetal bovine se-
rum for canine adipose-derived mesenchymal 
stem cell culture and differentiation. Animals 
(Basel) 2023; 13: 2655.

[17] Zuk PA, Zhu M, Ashjian P, De Ugarte DA, Huang 
JI, Mizuno H, Alfonso ZC, Fraser JK, Benhaim P 
and Hedrick MH. Human adipose tissue is a 
source of multipotent stem cells. Mol Biol Cell 
2002; 13: 4279-4295.

[18] Lindroos B, Suuronen R and Miettinen S. The 
potential of adipose stem cells in regenerative 
medicine. Stem Cell Rev Rep 2011; 7: 269-
291.

[19] Macotela Y, Emanuelli B, Mori MA, Gesta S, 
Schulz TJ, Tseng YH and Kahn CR. Intrinsic dif-
ferences in adipocyte precursor cells from dif-
ferent white fat depots. Diabetes 2012; 61: 
1691-1699.

[20] Tchkonia T, Tchoukalova YD, Giorgadze N, 
Pirtskhalava T, Karagiannides I, Forse RA, Koo 
A, Stevenson M, Chinnappan D, Cartwright A, 
Jensen MD and Kirkland JL. Abundance of  
two human preadipocyte subtypes with dis-
tinct capacities for replication, adipogenesis, 
and apoptosis varies among fat depots. Am J 
Physiol Endocrinol Metab 2005; 288: E267-
277.

[21] Broccaioli E, Niada S, Rasperini G, Ferreira LM, 
Arrigoni E, Yenagi V and Brini AT. Mesenchymal 
stem cells from Bichat’s fat pad: in vitro com-
parison with adipose-derived stem cells from 
subcutaneous tissue. Biores Open Access 
2013; 2: 107-117.

[22] Arnhold S, Elashry MI, Klymiuk MC and 
Geburek F. Investigation of stemness and mul-
tipotency of equine adipose-derived mesen-
chymal stem cells (ASCs) from different fat 
sources in comparison with lipoma. Stem Cell 
Res Ther 2019; 10: 309.

[23] Markarian CF, Frey GZ, Silveira MD, Chem EM, 
Milani AR, Ely PB, Horn AP, Nardi NB and 
Camassola M. Isolation of adipose-derived 
stem cells: a comparison among different 
methods. Biotechnol Lett 2014; 36: 693-702.

[24] Lee KS, Nah JJ, Lee BC, Lee HT, Lee HS, So BJ 
and Cha SH. Maintenance and characteriza-
tion of multipotent mesenchymal stem cells 
isolated from canine umbilical cord matrix by 
collagenase digestion. Res Vet Sci 2013; 94: 
144-151.

[25] Sepulveda RV, Eleotério In Memorian RB, 
Valente FL, Araujo FR, Sabino AP, Evangelista 
FCG, Reis ECC and Borges APB. Canine umbili-
cal cord perivascular tissue: a source of stem 
cells for therapy and research. Res Vet Sci 
2020; 129: 193-202.

[26] Yoon JH, Roh EY, Shin S, Jung NH, Song EY, 
Chang JY, Kim BJ and Jeon HW. Comparison of 
explant-derived and enzymatic digestion-de-
rived MSCs and the growth factors from 
Wharton’s jelly. Biomed Res Int 2013; 2013: 
428726.

[27] Hendijani F. Explant culture: an advantageous 
method for isolation of mesenchymal stem 
cells from human tissues. Cell Prolif 2017; 50: 
e12334.

[28] Dutta Gupta S, Sen A, Priyadarshi P and Ta M. 
Enzyme-free isolation of mesenchymal stem 



Isolation procedures of MSC

36 Am J Stem Cells 2024;13(1):27-36

cells from decidua basalis of the human pla-
centa. STAR Protoc 2023; 4: 102498.

[29] Bagge J, Holmich P, Hammer FA, Nehlin JO, 
Vomstein K, Blond L, Holmich LR and Barfod 
KW. Successful isolation of viable stem cells 
from cryopreserved microfragmented human 
adipose tissue from patients with knee osteo-
arthritis - a comparative study of isolation by 
tissue explant culture and enzymatic diges-
tion. J Exp Orthop 2023; 10: 31.

[30] Yaneselli KM, Kuhl CP, Terraciano PB, de 
Oliveira FS, Pizzato SB, Pazza K, Magrisso AB, 
Torman V, Rial A, Moreno M, Llambi S, Cirne-
Lima E and Maisonnave J. Comparison of the 
characteristics of canine adipose tissue-de-
rived mesenchymal stem cells extracted from 
different sites and at different passage num-
bers. J Vet Sci 2018; 19: 13-20.

[31] Nepali S, Park M, Lew H and Kim O. Compara-
tive analysis of human adipose-derived mes-
enchymal stem cells from orbital and abdomi-
nal fat. Stem Cells Int 2018; 2018: 3932615.

[32] Chi C, Wang F, Xiang B, Deng J, Liu S, Lin HY, 
Natarajan K, Li G, Wang L, Wang J, Lin F, Freed 
DH, Arora RC, Liu H and Tian G. Adipose-
derived stem cells from both visceral and sub-
cutaneous fat deposits significantly improve 
contractile function of infarcted rat hearts. Cell 
Transplant 2015; 24: 2337-2351.

[33] Fernandez M, Acuna MJ, Reyes M, Olivares D, 
Hirsch S, Bunout D and de la Maza MP. 
Proliferation and differentiation of human adi-
pocyte precursor cells: differences between 
the preperitoneal and subcutaneous compart-
ments. J Cell Biochem 2010; 111: 659-664.


