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Achievements of the project 

• Mesenchymal stem cells isolated from buffalo bone marrow showed 

positive alkaline phosphatase (AP) activity and appeared red after 

staining. Positive AP activity showed that cells were in active growing 

state and expressed phenotypically. 

• Mesenchymal stem cells showed positive expression of surface 

markers CD 73 and CD 105 as revealed by green coloured 

immunofluorescense all over the cells indicating the intact stemness 

properties and not differentiated yet. 

• Mesenchymal stem cells are best cryopreserved with slow freezing 

protocol using 7% DMSO, 3% Glycerol along with 15% FBS in high 

glucose DMEM. 

• Cell recovery was found to be 74.836 ± 1.73% with slow freezing 

protocol using 7% DMSO, 3% Glycerol along with 15% FBS in high 

glucose DMEM 

• Shortest population doubling time and higher viability percentage lead 

to early proliferation and faster growth of MSCs in slow freezing and 

fast thawing protocol. 

• There is no significant difference between population doubling time 

before (38.63± 1.70 hrs) and after (39.102 ± 0.70 hrs) cryopreservation.  

• Mesenchymal stem cells isolated from buffalo bone marrow were used 

clinically in chronic wound cases (More than 6 months old) of buffaloes 

(allogeneic) as well as cattle (xenogeneic). 

• Mesenchymal stem cells were injected locally in a wound bed at 6-12 

sites depending upon the size of wound and approx. 1 million cells 

suspended in DPBS were injected at one site. 

• Stem cell injection was repeated after 15 days and 1 month depending 

upon the progress of healing. 

• Mesenchymal stem cells when injected locally in chronic wounds of 

buffalo and cattle, did not showed any immune-rejection/immune 

reaction or hypersensitivity or anaphylactic reaction.  



• Conditioned medium gel prepared in 1.5% CMC (Carboxy Methyl 

Cellulose) was applied on to the wound bed after injection proved very 

good for refreshing the wound area for enhancing the wound healing. 

• Mesenchymal stem cells potentiated the wound healing in both 

buffaloes and cattle. This indicated that these cells can be used both 

as allogeneically and xenogeneically in clinical cases for regeneration 

of tissue.   

• Fresh as well as cryopreserved cells were used for clinical trials and 

showed progressive wound healing. 
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Manpower Trained: One MVSc student trained for Stem Cell Techniques 

under this project. 

 



Summary of the findings  

Wound healing is a complex process that requires the coordinated 

interplay of extracellular matrix, growth factors and cells. MSCs, in particular, 

play an important role in mediating each phase of the wound-healing process. 

With this knowledge, we started a project with the objectives to Isolated, 

cultured, expanded, characterized and cryopreserved bone marrow derived 

MSCs from buffalo and thereafter evaluated for allogeneic and xenogeneic 

cutaneous regeneration of chronic wounds in clinical cases.  

During the first phase of the study, we successfully isolated and 

cultured well-defined mesenchymal stem cells from buffalo bone marrow and 

successfully cryopreserved them to study the effect of cryopreservation on 

viability and expression pattern of mesenchymal stem cells with fresh MSCs 

derived from buffalo bone marrow. Bone marrow aspirates were collected 

from iliac crest of pelvis of buffalo calves immediately after slaughtering of 

animals. MSCs were separated by density gradient method and cultured in 

high glucose DMEM supplemented with 15% FBS. Population doubling time 

and characterization of MSCs was done at 4th passage. Population doubling 

time for fourth passaged fresh MSCs was 38.63±1.70 hours. Buffalo MSCs 

showed positive alkaline phosphatase (AP) activity and positive expression of 

surface markers (CD73 and CD105) before cryopreservation. MSCs were 

cryopreserved by slow freezing and fast freezing method for three months. 

DMSO and Glycerol were used as cryoprotectants in five different 

combinations for freezing MSCs viz. cryopreservation media I (10% DMSO), II 

(7% DMSO and 3% Glycerol), III (5% DMSO and 5% Glycerol), IV (3% DMSO 

and 7% Glycerol) and V (Commercial serum free media). Post-cryopreserved 

MSCs were analyzed for viability, population doubling time and their 

expression pattern. The results of present study revealed significantly lower 

population doubling time and higher viability percentage after slow freezing as 

compared to fast freezing with cryopreservation media II and V. 

Cryopreserved MSCs maintained the stemness and expressed CD73 and 

CD105 markers similar to fresh MSCs concluding the study that MSCs can be 

better cryopreserved with cryomedia II and V by slow freezing protocol.  



Therapeutic potential of the MSCs derived from buffalo bone marrow 

for allogeneic and xenogeneic cutaneous regeneration was evaluated during 

second phase of study. We located a total of 11 cases, 4 at Dairy Farm, 

GADVASU, Ludhiana; 3 at Thakkarwal Village, Ludhiana and 4 at Hambran 

Village, Ludhiana for the study. Out of 11 cases, 6 cases were of buffaloes 

and 5 cases were of cattle. Both fresh (6 cases; 3 each of buffalos and cattle) 

and cryopreserved cells (5 cases; 3 buffaloes and 2 cattle) were used for 

treating chronic wounds. Mesenchymal stem cells were injected intradermally 

in a wound bed at 6-12 sites depending upon the size of wound after proper 

sterilization of wound area and approx. 1 million cells suspended in DPBS 

were injected at one site. Wound area was then covered with conditioned 

medium gel prepared in 1.5% CMC (Carboxy Methyl Cellulose) which 

refreshen the wound area for enhancing the wound healing as it removed all 

the dead tissue over the wound surface. Stem cell injection was repeated 

after 15 days and 1 month depending upon the progress of healing. 

Mesenchymal stem cells when injected locally in chronic wounds of buffalo 

and cattle, did not showed any immune-rejection/immune reaction as well as 

potentiated the wound healing in both buffaloes and cattle. This indicated that 

these cells can be used both as allogeneically and xenogeneically in clinical 

cases for regeneration of tissue.  We injected both fresh (not beyond 10th 

passaged) as well as cryopreserved cells (cryopreserved at 4th passaged) for 

clinical trials and showed progressive wound healing.  

 
 
 
 
 
 
 
 
 
 



        

Fig.1. Development of buffalo mesenchymal stem cells at different time and passages.  A: 
Day 0; B: 48-72 hrs; C: day 7; D: Confluent monolayer at day 15; E: confluent monolayer 
at 4 passage. Original magnification:- A, B, C, D: X10; E: X20.  
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Fig. 3.  Immunofluorescent staining of buffalo 
bone marrow mesenchymal stem cells for 
localization of (A) CD73; (B) CD105 (Original 
magnification: X20). 
 
 
 
 

Fig. 2.  AP staining of buffalo bone 
marrow mesenchymal stem cells 
(Original magnification: X20). 
 



 

     Fig. 4. Photographs showing chronic wound cases with progressive wound healing using stem cell based therapy.       
                 (a) before treatment; (b) at the time of 1st injection; (c)   after treatment.              
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