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Abstract
Present study was conducted to explore the possibility of treating the diabetic rat wounds by canine bone marrow 

derived mesenchymal stem cells (BMSCs) and its conditioned media (CM). Canine bone marrow stem cells were 
isolated ascetically from dog and cultured in vitro. Stem cells conditioned media was collected from third passage 
cells at 120 hours of culture. Streptozotocin was used for induction of diabetes in rats. Six groups were made for 
the wound healing therapy in which group I, II and III were non-diabetic while group IV, V and VI were diabetic with 
six animals in each group and one wound was created in each animal. Group II and V received stem cells in culture 
media and group III and VI received conditioned media while group I and IV were kept as respective controls given 
only stem cell culture media. Stem cells and its conditioned media were injected at the periphery of wounds. Wound 
healing was assessed by wound contraction, photographic evaluation at different time interval (0, 3rd, 7th, 14th, 21st and 
28th day) and histomorphological examination on day 28. The outcomes of wound healing experiment suggested that 
canine bone marrow stem cells as well as its conditioned media can be exploited xenogenically very well for diabetic 
rat wound healing.

Keywords: Xenogenic; Conditioned media; Canine MSCs; Diabetic
rat 24 wound healing; Stem cell therapy

Introduction
Wound healing is a complex phenomenon covering four 

overlapping phases of wound healing mechanism i.e. inflammation, 
proliferation, remodeling and maturation [1]. MSCs can help in 
wound healing through their potential to differentiate and regenerate 
damaged epithelium through differentiation and fusion [2]. MSCs can 
be potentially used for allogenic as well as autologous transplantation 
[3], because they express intermediate levels of MHC Class I antigens 
and negligible levels of MHC Class II antigens, as do differentiated 
MSC derivatives [4]. In diabetes mellitus, wound remain in a chronic 
inflammatory state and fail to heal in a timely and orderly manner. 
The sequence of cellular and molecular events, are disturbed in 
diabetes resulting impaired wound healing. MSCs improve healing 
of diabetic wounds in rats and significantly increase collagen 
levels in diabetic wounds and wound breaking strength [5] but the 
mechanisms of impaired wound healing in diabetes are not completely 
understood. The function of neutrophils and macrophages, including 
cell adherence, chemotaxis, phagocytosis, cytokine production and 
secretion are inhibited in diabetes [6,7]. Stem cell application is a new 
hope to treat difficult to heal wounds or chronic wounds [8] as diabetic 
wounds. Transplanted BMSCs could be retained at the wound sites 
during the healing process and subsequently promote wound healing 
through angiogenesis [9]. MSC conditioned (MSC-CM) media having 
a variety of growth factors; cytokines etc. acts as chemo-attractant and 
recruiting macrophages and endothelial cells for the wound healing. 
BMSC-CM has same effect as MSC on wound healing with accelerated 
epithelialization [10]. Though earlier reports indicates that both MSCs 
improve wound healing in diabetes but there is no report on effect 47 
of mesenchymal stem cell conditioned media in diabetic rat wound 
healing. Present experiment intended to evaluate the potential of 
canine BMSCs and BMSC-CM for the quality wound healing in rats.

Materials and Methods
Isolation and culture of canine bone marrow mesenchymal 
stem cells (cBMSC)

The bone marrow was collected from the iliac crest of canine and 
nucleated cells were isolated with a Ficoll density gradient method. 
Nucleated cells were cultured in Dulbecco’s Modified Eagle’s Medium 
(DMEM; Sigma) supplemented with 15% fetal bovine serum (FBS) in 
24 well tissue culture plate (Nunc). Well characterized third passage 
plastic adherent Mesenchymal stem cells (data not shown) were used 
for experimentation.

Collection of stem cell conditioned media (CM)

BMSCs (3rd passage) were cultured up to 80-90% confluence in 
24 well plates and media was changed with fresh culture medium. CM 
was collected at 120 hours of culture and centrifuged at 1000 rpm at 
4°C for 5 minutes and stored at -20°C. For stem cell treatment, dose 
was prepared in normal stem cell culture media (2x105 cells per dose).

Animals

Thirty six clinically healthy wister rats were used in this study. 
After a week of acclimatization, rats were randomly divided into six 
groups having six animals each. The animals were provided standard 
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diet and water ad libitum and maintained under uniform management 
conditions.

Diabetes induction

Diabetes in rats was induced by intra-peritonial (i/p) administration 
of Streptozotocin (60 mg/Kgb.wt.) in freshly prepared citrate buffer with 
pH 4.5. Blood sugar level was recorded using Accu Check glucometer 
before and after administration of Streptozotocin (Normal blood sugar 
level recorded 80-100 mg/dl). Rats with blood sugar level more than 
70 280 mg/dl (Figure 2) and signs of polydipsia and ketonuria were 
considered as diabetic [11]. After sacrificing the rats, pancreas was 
collected in 3.7% buffered formalin for fixing. Pancreatic tissue was 
then embedded in paraffin, sectioned it using microtome, stained with 
Haematoxylin and Eosin and mounted in neutral DPX medium and 
examined under light microscope.

Wound creation and animal experimentation

Animals were kept off fed for 6 hours and given water ad lib 
before surgery. Wound creation was done aseptically under general 

anesthesia (xylazine 5mg/kg followed by ketamine 50mg/kg). One 
(20x20 mm2) full thickness excision skin wound on dorsal area was 
created to each animal. All the animals were housed in individual cages 
and administered with broad spectrum antibiotic for five consecutive 
days. Group I, II and III were non-diabetic while group IV, V and VI 
were diabetic with six animals in each group (Table 1). Group II and 
V received stem cells (2x105 per dose) in culture media and group III 
and VI received conditioned media (1ml dose) while group I and IV 
were kept as respective controls given only stem cell culture media 
(1 ml dose). Stem cells and its conditioned media were injected at 
the periphery of wounds. Treatment was given on day 0, 3rd, 7th, 14th 
and 21st post surgery and simultaneously wound healing parameters 
were observed. Animals were euthanized on day 28th post surgery and 
histopathology samples of skin and pancrease were taken for respective 
studies.

Assessment of wound healing

Wound area was recorded by tracing the wound margins on the 
transparent sheets with graph paper (on 0, 3rd, 7th, 14th, 21st and 28th 

Fig.1(a). Non-diabetic animals, presence
of normal islet cells.

Fig.1(b). Diabetic  animals, degranulated
islet cells and constriction of cytoplasm.

Figure 1: Histomorphology of pancrease.
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Figure 2: Blood glucose level in non-diabetic and diabetic rats.
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day post surgery) and wound contraction was measured by a rate 
of wound reduction, as well as percent reduction in wound area. 
Independent observers to assess the quality of wound healing and 
cosmetic outcomes evaluated weekly photographs. The haematoxylin 
and eosin stained tissue sections were evaluated microscopically 
using the histological scoring system described by Borena et al. [12]. 
Epithelialization was scored from 1 to 4 representing most similar to 
normal skin to least similarity to normal skin. Neovascularization was 
scored as 1 resembling normal skin (0-1 new blood vessels), 2 Mild (2-5 
blood vessels), 3 Moderate (6-10 blood vessels) or 4 Severe (> 10 blood 
vessels). Collagen fibre arrangement was graded as, 1 best arranged, 2 
better arranged, 3 worse arranged and 4 worst arranged, collagen fibre 
density was graded as 1 denser, 2 dense and 3 less dense, while collagen 
fibre thickness was graded as 1, thicker, 2 thick and 3 thin.

Statistical Analysis
The means of different parameters were analyzed by one way 

ANOVA as per the procedure described by Snedecor and Cochran 
[13].

Results
Wound healing evaluation

Macroscopical evaluation: Non-diabetic wounds healed by 21st 

day while diabetic treated wounds healed by 28th day. But in both 
non-diabetic and diabetic groups the BMSCs and CM increased the 
wound healing rate compared to control groups. It has been found 
that the rates of hair growth in diabetic rats were reduced compared 
to non-diabetic groups. From the day of surgery there was significant 
difference between wound size of non-diabetic and diabetic group due 
to loose skin of diabetic animals. The diabetic wounds were larger in 
size and up to 7th day of treatment, there was no difference in rate of 
wound healing within group of non-diabetic and diabetic animals. On 
14th day post surgery, among the treatment the BMSC-CM and BMSC 
showed a significant (p<0.05) reduction in wound area than those 
treated with freshly prepared media (Figure 3 and Table 3). On day 
21st all non-diabetic treated wounds were healed. However the diabetic 
treatment groups were healed by day 28th. On day 21st, the mean per 
cent contraction in conditioned media and stem cell treated non 
diabetic wounds were significantly (p<0.05) higher (Figure 4; Table 
4). By the day 28, 100 per cent contraction was recorded in all groups 
except diabetic control. A higher percentage of wounds were healed 
completely between days 21 and 28 after surgery in the treatment group 
whereas diabetic control group were not healed completely by 28 days 
post surgery.

Histomorphological observations

By day 28, BMSC treated wounds (both non-diabetic and diabetic) 

had significantly denser, thicker collagen fibers (indicated by lower 
scores) (Figure 5; Table 5). Newly created wound resulted with 
infiltration of polymorphonuclear cells and on day 28 post surgery 
these cells persisted more in diabetic groups but reduced significantly 
after stem cells or CM treatment (Figure 6). Collagen arrangement was 
significantly lower in the BMSC (non-diabetic) treated groups than 
in the control group (diabetic/non-diabetic), BMSC-CM (diabetic/
non-diabetic) and BMSC (diabetic) as evident from figure 6. On 28th 
day epithelialization in BMSC (non-diabetic) treated wound had 
significantly lower score than in the control groups (diabetic/non-
diabetic), BMSC CM (diabetic/non-diabetic) and BMSC (diabetic) 
(Table 5 and Figure 6). Groups treated with BMSC (non-diabetic), 
BMSC-CM (non-diabetic), BMSC (diabetic) resembled the normal 
neovascularization (Table 5 and Figure 6).

Discussion
MSCs have a great appeal for tissue engineering because of the 

ease in isolation, their high in vitro expansion potential, self-renewal 
capacity and multi-potentiality [14]. The present study was aimed 
for generating information about isolation of canine BMSCs and 
possibilities to treat diabetic wounds by the use of xenogenic MSCs. 
This study seemed to be the first to show the therapeutic potential of 
stem cell conditioned media for xenogenic application. 

Canine Mesenchymal stem cells were successfully isolated from 
canine bone marrow. In vitro studies demonstrated that MSCs can 
secrete a variety of angiogenic, anti-apoptotic and mitogenic factors 
such as VEGF, hepatocyte growth factor (HGF), angiopoietin-1, adreno 
medullin (AM) and IGF-1 [15]. It has been proposed that MSCs act as 
trophic mediators in wound healing [16]. Streptozotocin is commonly 
used for experimental induction of type 1 diabetes mellitus, which 
causes selective pancreatic islet β-cell cytotoxicity mediated through the 
release of nitric oxide (NO). Streptozotocin by acting on mitochondria 
generates SOD anions which lead to the diabetic complications 
[17]. In the present study, we tested the therapeutic value of canine 
bone marrow mesenchymal stem cells and its conditioned media in 
cutaneous wound healing in diabetic rat model. In general, our research 
outcomes demonstrated not much difference among xenogenic canine 
stem cells and stem cell conditioned media treated wounds in terms of 
wound contraction rate and quality of wound healing. Furthermore, in 
our experiment, quality of wound healing (in terms of epithelization, 
neovascularization and collagen deposition characteristics) on 28th 
day post surgery was found to be better in stem cell and CM groups 
than control groups. Kwon et al. [5] reported that allogenic stem 
cell treatment resulted in thicker, denser and well arranged collagen 
deposition in diabetic wound healing in rabbits though, did not 
correlated it with conditioned media (no study available regarding 
treatment with stem cell conditioned media). No significant difference 
in stem cell treatment and CM treatment may be due to treatment with 

Group Treatment Healthy animals (no.) Group Diabetic animals (no.)
I Control ND 6 IV Control D 6
II BMSC-CM ND 6 V BMSC-CM D 6
III BMSC ND 6 VI BMSC D 6

Table 1: Experimental design for the xenogenic transplantation of canine BMSCs and its conditioned media in diabetic rat model for wound healing.

Group 0 Day 3rd DAY 7th DAY 14th DAY 21st DAY 28th DAY
Nondiabetic 91.4 ± 2.6a 87.3 ± 1.9 a 90.8 ± 2.3a 88.9 ± 2.2a 101.2 ± 2.6a 92.3 ± 2.5a

Diabetic 339.4 ± 14.1b 320.4 ± 11.3b 330.3 ± 12.2b 344.8 ± 14.0b 336.6 ± 14.2b 331.7 ± 12.5b

Values (mean ± SE) in the column bearing different superscripts differ significantly (p<0.05)

Table 2: Blood glucose level (mg/dl) at different time interval.
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these two in small intervals (about 7 day interval). Similar results were 
reported in allogenic and xenogenic MSCs [18]. It has been reported 
that, surface epithelium of stem cell treated wounds became thinner 
and appeared more close to normal skin sections in comparison to PBS 
treated wound sections [19]. MSCs act by immune modulation and 
immune privileged properties [20-23]. Earlier experiments suggested 
that neither human nor animal MSCs express co-stimulatory antigens 

and thus MSCs appear to be immune-privileged [24]. In the present 
study, we opted both, the direct application of MSC and MSC-CM on 
wounds which has the potential advantage of promoting regeneration 
via MSC differentiation in addition to repair via MSC paracrine 
signaling [25]. In the current investigation it was found that the canine 
stem cell (BMSCs) treated groups as well as canine bone marrow stem 
cell conditioned media (BMSC-CM) showed significantly (P<0.05) 
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Figure 3: Rate of wound contraction in different groups.
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Figure 4: Mean percent wound contraction in different groups.

Group 0 Day 3rd DAY 7th DAY 14th DAY 21st DAY 28th DAY
CONTROL ND 4.17 ± 0.02a 3.60 ± 0.04*a 3.05 ± 0.04*a 2.28 ± 0.04*c 0.83 ± 0.08*b 0.00 ± 0.00*a

BMSC-CM ND 4.15 ± .02a 3.63 ± 0.06*a 3.03 ± 0.04*a 1.50 ± 0.04*a 0.03 ± 0.02*a 0.00 ± 0.00*a

BMSC ND 4.15 ± 0.02a 3.67 ± 0.03*a 3.05 ± .02*a 1.48 ± 0.03*a 0.00 ± 0.00*a 0.00 ± 0.00*a

CONTROL D 4.42 ± 0.03b 4.08 ± 0.03*b 3.52 ± 0.03*b 3.03 ± 0.05*d 1.67 ± .17*c 0.35 ± 0.07*b

BMSC-CM D 4.42 ± .04b 4.07 ± .03*b 3.50 ± 0.03*b 1.85 ± 0.04*b 1.01 ± 0.04*b 0.00 ± .00*a

BMSC D 4.48 ± .03b 4.06 ± .03*b 3.50 ± 0.03*b 1.73 ± 0.05*b 0.73 ± 0.15*b 0.00 ± 0.00*a

Values (mean ± SE) in the column bearing different superscripts differ significantly (p<0.05).

Table 3: Wound area in excision wounds of rats in various treatment groups at different time interval.

Group 3rd DAY 7th DAY 14th DAY 21st DAY 28th DAY
CONTROL ND 13.60 ± 0.54c 26.80 ± 0.79*b 45.19 ± 0.92*b 79.98 ± 1.84*bc 100.00 ± 0.00*b

BMSC-CM ND 12.44 ± 1.41bc 26.88 ± 1.33*b 63.85 ± 0.90*d 99.19 ± 0.51*d 100.00 ± 0.00*b

BMSC ND 11.62 ± 1.10bc 26.49 ± 0.77*b 64.23 ± 0.89*d 100.00 ± 0.00*d 100.00 ± 0.00*b

CONTROL D 7.53 ± 0.93a 20.35 ± 1.05*a 31.30 ± 1.25*a 62.33 ± 3.63*a 92.11 ± 1.47*a

BMSC-CM D 7.89 ± .92a 20.73 ± 0.77*a 58.08 ± 1.13*c 76.97 ± 0.90*b 100.00 ± 0.00*b

BMSC D 9.25 ± 1.28ab 21.92 ± 0.83*a 61.33 ± 1.05*d 83.65 ± 3.27*c 100.00 ± 0.00*b

Values (mean ± SE) in the column bearing different superscripts differ significantly (p<0.05).

Table 4: Percent wound contraction in excision wounds of rats in various treatment groups.
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quicker rate of wound contraction. No significant difference in stem 
cell treatment and CM treatment may be due to small intervals (about 7 
day interval) of treatments. This significant difference was well observed 
on 14th day post surgery. Over all our results demonstrated that there 
is a significant difference between diabetic and non-diabetic groups, in 
which diabetic group showed delayed wound healing. Earlier reports 
showed that mice allogenic MSCs treated group showed better wound 
healing compared with fibroblast [26]. Growing evidences indicate that 
MSCs paracrine signaling is the predominant mechanism responsible 
for enhanced wound repair. Supporting this statement it was reported 
that MSC-CM act as a chemo attractant for macrophages, endothelial 
cells, epidermal keratinocytes and dermal fibroblasts, implicating MSC 
paracrine signaling in the recruitment of these specific cell types to the 
wound [28]. In addition to chemotaxis, MSC paracrine signaling may 
also regulate cell migration in response to injury as recent data revealed 
that dermal fibroblasts show complete scratch wound close faster in the 

presence of either MSC’s or MSC-conditioned medium [27]. Dermal 
fibroblasts secrete increased amounts of collagen type I in response 
to the presence of MSCs [29]. Overall, these in vitro data suggest that 
MSCs therapeutically applied to the wound, release soluble factors that 
stimulate proliferation and migration of the predominant cell types 
in the wound. Consequently, MSCs paracrine signaling has potential 
beneficial effects on angiogenesis, epithelialization, and fibroblast 
proliferation during wound repair. Nonetheless, there have been a 
number of reports suggesting that MSCs differentiate into epidermal 
keratinocytes, endothelial cells and pericytes in vivo [30]. 

The current problems with the clinical application of MSCs 
are insufficient engraftment of the stem cells to target tissues and 
inadequate vascularization of tissue engineered constructs to ensure 
long term viability [31]. In addition, the expression of one or more 
proteins specific for a certain cell lineage in vitro does not necessarily 
mean that MSCs bearing these proteins will exhibit the functions of this 
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Figure 5: Scoring of Histomorphological observation of healed wound at day 28 of surgery.

CONTROL ND                         BMSC-CM ND                          BMSC ND
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Figure 6: Histomorphological observation of healed skin in different groups at day 28 post surgery. 

Group EPITHELIA LIZATION NEOVASCUL ARIZATION COLLAGE N DENSITY COLLAGEN THICKNESS COLLAGEN ARRANGEMENT
CONTROL ND 3.17 ± 0.31cd 2 ± 0.26bc 2.67 ± 0.21bc 2.33 ± 0.21c 2.83 ± 0.17bc

BMSC-CM ND 2.67 ± 0.21bc 1.33 ± 0.21a 2.33 ± 0.21b 1.83 ± 0.167b 2.33 ± 0.21b

BMSC ND 1.33 ± 0.21a 1.17 ± 0.17a 1.33 ± 0.21a 1.00 ± 0.00 a 1.17 ± 0.17a

CONTROL D 3.83 ± 0.17d 3.00 ± 0.26 d 3.00 ± 0.00 c 2.83 ± 0.17d 3.33 ± 0.33c

BMSC-CM D 3.17 ± 0.31cd 2.17 ± 0.17c 2.50 ± 0.22bc 2.00 ± 0.00bc 2.50 ± 0.22b

BMSC D 2.17 ± 0.31b 1.50 ± 0.22ab 1.50 ± 0.22 a 1.17 ± 0.17a 2.33 ± 0.21b

Values (mean ± SE) in the column bearing different superscripts differ significantly (p<0.05).

Table 5: Histomorphological evaluation of full thickness wound sections of rats in various treatment groups.
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specific cell types properly in vivo [32]. Moreover, the study by Terada 
et al. [33] raises doubts regarding whether in vivo trans-differentiation 
of transplanted MSCs actually occurs, or is the result of cell fusion 
misinterpreted as trans-differentiation [33,34]. Safety issues regarding 
the MSCs transplantation have been largely solved, particularly with 
autologous transplants; however, sustained curative benefit has yet 
not been established. It can be concluded from the present study that 
xenogenic Mesenchymal stem cells can be used for diabetic wound 
repair and more over, application of stem cell conditioned media may 
be one of greatest advantage in wound healing because of its ease in 
transport and easy application by the end users like pet owners or 
livestock owners.
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