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Abstract 

Stem cells are considered a scientific renaissance because of their use in regenerative therapy and diseases in the field of 

veterinary medicine. Therefore, it is necessary to learn about their types and sources, how to take, preserve, and store 

them, methods of use, and the mechanism of their impact on injuries and diseases that affect animals that may not respond 

to conventional treatment. 
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Introduction 

Although stem cells (SCs) are undifferentiated cells, they can change into 

other cell types to perform a variety of tasks. The therapeutic use of stem 

cells in veterinary medicine makes use of their capacity to differentiate into 

various cell types. SCs come from four primary sources: embryos, fetuses, 

umbilical cords, and adult body cells. Once more, stem cells are divided 

into totipotent, multipotent, pluripotent, and unipotent categories 

depending on their capacity to differentiate. Multipotent ASCs are 

employed in treatments because they are easier to get and grow from a 

variety of sources, have lower immunogenicity, and don't run the danger 

of developing teratomas. SCs have been used to treat a variety of issues in 

animals, including heart problems, diabetes mellitus, tendonitis, ligament 

defects, wounds, cartilage defects, and spinal injuries. However, due to 

their dynamic complexity, biology, potential for teratoma formation, and 

histocompatibility, clinical uses of stem cells are constrained. Despite the 

fact that many degenerative conditions are difficult to treat because they 

don't respond to current medications, the therapeutic use of stem cells in 

veterinary medicine hasn't been generally adopted. This manuscript's goal 

is to discuss the therapeutic use of stem cells in the regeneration of a wide 

range of difficult illnesses that are not responding to conventional forms 

of treatment. 

Main text: 

Types of stem cells 

The two primary types of stem cells used in contemporary regenerative 

treatment are allogeneic and autologous. Experts throughout the world are 

constantly debating the differences in the safety and efficacy of using these 

cells in treatment. Depending on the donor-recipient connection, MSCs 

can be classified as being of allogeneic, autologous, or xenogeneic origin. 

The individual receiving allogeneic cells belongs to the same species as 

the donor. Successful in vitro production of these cells reduces the duration 

of the therapy significantly as compared to autologous cells. Horses were 

given therapeutic injections of the antlerogenic stem cells MIC-1 (obtained 

from a deer), and injured rabbits had the cells experimentally implanted 

into their tissues. [75]. 

Isolation and purification of stem cells 

Practically any tissue in a living body can be efficiently harvested to 

produce mesenchymal stem cells. Nevertheless, the best results are 

obtained when cells are isolated from adult tissues like adipose tissue (AD-

MSCs), bone marrow (BM-MSCs), peripheral blood (PB-MSCs), or fetal 

tissue like the placenta (P-MSCs), umbilical cord blood (UCB-MSCs), or 

umbilical cord (UC-MSCs) [7;26]. This is a result of these cells' capacity 

for proliferation and differentiation. It was found that the type of cells, 

based on their origin, has a significant impact on both their capacity for in 

vivo differentiation and their physiologically significant properties [100]. 

When selecting the source of those cells, a crucial factor to take into 

account is how the MSCs will be used in the therapy. Similar to human 

medicine, one of the most extensively studied sources of MSC origin in 

veterinary medicine is bone marrow [39]. Unfortunately, gathering the 

samples requires an invasive procedure done while the animals are sedated, 

with or without local anesthetic in the case of dogs, and under general 

anesthesia in the case of horses. Both of these procedures have a risk of 

postoperative complications, including infection and/or hemorrhage [73]. 

A number of significant inadvertent cardio-thoracic punctures have been 

reported [45]. as well as nonfatal pneumopericardium in horses [29;44]. 

But with these animals, there is little to no risk of the aforementioned 

issues when doing the BM-MSC collection procedure on a standing 

animal. The 4th or 5th sternebra is the best place to perform a sternal 

biopsy with a Jamshidi needle, according to current consensus [24; 47]. 

Age-related declines in the number of BM-MSCs, which make up a 

relatively small percentage of all bone marrow stromal mononuclear cells 

[77]. The donor's previously removed aspirate is used for MSC passage 

and culture in vitro. The maximum number of cultivated MSCs that can be 

passed through four times determines the exact therapeutic amount of 

MSCs. This culture goes through several stages, including starting the 

culture, cell growth, media changes, and finishing the culture by 
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identifying the cell phenotype. Despite the fact that research first 

concentrated on MSCs produced from bone marrow, the large 

concentration of MSCs in adipose tissues (100–1000 times that in bone 

marrow) led to the use of adipose-derived MSCs in regenerative stem cell 

treatment [15;66;109]. The need for numerous purification processes to 

exclude non-MSC cell types (such as hematopoietic stem cells and blood 

cells) when collecting chicken MSCs using bone marrow from non-

compact bone sources is one of the main problems [48]. These methods of 

purification frequently result in cytotoxicity, modifications to MSC 

functioning, and poor MSC yields [103]. There haven't been any reports of 

MSCs isolated from chicken compact bones, which might circumvent 

these restrictions because there aren't as many contaminating cell types 

[74]. Hematopoietic stem cells and MSCs are the two principal stem cell 

groups that exist in bone marrow [74; 108]. The contamination of blood 

cells and hematopoietic stem cells that results from the isolation of MSCs 

from bone marrow is a severe disadvantage. The MSC population 

extracted from bone marrow has been purified or enriched using a variety 

of methods, including density gradient centrifugation and preferential 

attachment to culture plastic [105], antibody-based cell sorting and the 

application of ficole to remove blood cells [30;97], techniques for low- and 

high-density cultivation [31], as well as regular media change [88]. 

However, there are a number of drawbacks to these techniques for 

purifying MSCs that have been isolated from bone marrow. A 

phenotypically and functionally heterogeneous cell population might be 

produced via preferential attachment to cell culture plates [95]. Using 

immune depletion strategies decreased the expression of several genes 

involved in cell growth and cell cycle progression [3]. Insulin-like growth 

factor or leukemia inhibitory factor exposure of MSCs obtained from 

immunodepleted cells reversibly decreased the cells' capacity to develop 

into adipocytes, chondrocytes, and osteoblasts in vitro [3]. Only around 27 

fibrobalstoid colonies of 5 or more cells were produced using low-density 

culture out of a total of 200 culture discs [102]. Multiple multi-lineage 

MSCs were recovered from hematopoietic cells using cell sorting 

techniques, but these MSCs had less osteogenic capacity and less 

clonogenicity than unilinear MSCs [97]. MSCs can be easily and cheaply 

extracted from compact bones, eliminating the need for further purification 

procedures and lowering the risk of hematopoietic cell contamination in 

isolated cultures [41;108]. 

 

  

Diagram to show a catheter placed into the 

proximal femur 

Taking stem cells from the pelvic bone in dogs 

 

  
Taking stem cells from the pelvic bone and 

femur in dogs 

Taking stem cells from the humerus of dogs 

 

Preservation and storage of stem cells 
To get enough MSCs for clinical usage, they must be separated and grown 

in vitro for therapeutic use. It may occasionally be necessary to apply a 
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second or third time; however, prolonged culture before therapeutic use is 

not advised since the cells might lose their stemness characteristics and get 

contaminated with germs. For these reasons, it is highly helpful to 

cryopreserve these cells in order to obtain a fast and regulated supply of 

many autologous stem cells that maintain the vitality and pluripotent 

phenotype of the freshly separated cells while maintaining the unmodified 

properties of the cells. Di Bella et al. [25] assessed the outcomes of a 7-

year cryopreservation procedure utilizing 10% DMSO and various FBS 

concentrations (ranging from 10% to 90%). In both fresh and thawed cells, 

the phenotypes of morphology, cell viability, differentiation, and 

proliferative capacity, as well as the expression of pluripotency markers, 

were examined. According to the results of this investigation, canine 

adipose tissue MSCs that were cryopreserved with more than 50% FBS 

and thawed after 7 years had similar proliferative potential and 

morphological and molecular properties to fresh cells. Usually, after being 

expanded in vitro in the lab, fresh or frozen-thawed cells are returned to 

the attending doctors. As mentioned above, the effectiveness of the therapy 

depends on maintaining the MSCs' properties while they travel from the 

laboratory to the clinic. Various storage methods, temperatures, and 

durations have been investigated during the past ten years due to the 

significance of this subject for veterinary regenerative medicine [32;36]. 

Iacono et al. [42] showed that various kinds of MSCs react differently to 

the storage conditions often employed to transport them from the 

laboratory to the clinic for horse MSCs isolated from AT and Wharton's 

jelly (WJ). These circumstances affect MSC survivability and, based on 

the cell type, can also affect certain MSC features. Equine WJMSCs in 

particular must be utilized right away to keep them viable. However, it is 

important to compare the information gained in vitro with that obtained in 

vivo using cells transported under controlled circumstances and with that 

obtained using frozen-thawed cells that were implanted immediately. The 

ideal circumstances (medium, temperature, hours of travel, etc.) for 

moving horse MSCs from a lab to a clinic have been sought by several 

writers in this context. When Bronzini et al. [10] examined the effects of 

media, temperature, and storage time on equine peripheral blood MSCs in 

2012, they discovered that neither varying media nor temperature could 

keep the cells alive during shipping; in fact, cell mortality ranged from 30 

to 40 percent in each experimental group. The same was shown to apply 

to horse peripheral blood MSCs, bone marrow MSCs, and equine adipose 

tissue MSCs, respectively, by Mercati et al. [63], Espina et al. [32], and 

Garvican et al. [36]. Both the differentiation and clonogenic potential of 

stored eATMSCs and eBMMSCs are still present [32;63], although it is 

debatable whether or not ePBMSCs can retain their molecular 

characteristics [10]. Indeed, while CD44 and CD105 expression levels 

were the same in fresh and stored cells, CD90 expression declined after 9 

and 12 hours of storage, indicating, as stated by the authors, that these cells 

were unable to preserve the characteristics of MSCs after this time [10]. 

To obtain therapeutic dosages, autologous MSC treatment entails cell 

separation and growth. As a result, there is a delay between their collection 

and utilization, endangering the treatment's efficacy. Donor variability, 

tissue of origin, tissue quantity, and culture conditions are additional 

crucial criteria for MSC isolation [17]. However, due to their decreased 

immunogenicity, MSCs produced from fetuses and placentas have been 

proven to be preferable to adult MSCs as candidates for allogeneic 

therapeutic applications [70;107]. The preservation and pooling of MSCs 

by cryopreservation is an effective way to get the cell numbers needed for 

clinical applications. By harvesting samples and then isolating, growing, 

and storing cells for later use, logistics from collection through 

transplanting may be made as efficient as possible. As a result, the 

development of allogeneic cell treatments depends on MSCs' capacity to 

endure prolonged storage while still maintaining their quality. It is crucial 

to preserve MSCs' functional traits, such as their capacity for multilineage 

differentiation and immunomodulatory abilities, after cryopreservation. 

Prior to their use in clinical settings, cryopreserved MSCs must also 

undergo a biosafety assessment [106]. The clinical use of MSCs 

necessitates instantaneous access to a ready supply of effective therapeutic 

dosages. Cell dose is not specified for every particular treatment and 

fluctuates greatly depending on the application. Due to their low cell 

density, MSCs require prolonged culture extension, and as the length of 

the culture increases, so do the dangers of genetic contamination and 

mutation. In order to get a quick and regulated supply of many autologous 

stem cells that keep the original properties of the freshly separated cells by 

preserving their vitality and maintaining their pluripotent phenotype, it is 

highly helpful to cryopreserve these cells for this purpose. Aliquots of cells 

might be biobanked for administration later, either right away after 

revitalization or right after brief growth. MSC availability is further 

increased by cryopreservation since frozen cells may be supplied far away 

[28]. Most cryopreservation protocols for stem cells use dimethyl 

sulfoxide (DMSO) at a concentration of 10% (v/v), often combined with 

fetal bovine serum (FBS) in concentrations ranging from 10% to 90% (v/v) 

[12;60;84;104]. FBS is frequently added to freezing solutions because of 

its advantages for regulating cell osmotic pressure and stabilizing the cell 

membrane [4]. However, because of its xenobiotic nature, it is always 

accompanied by the danger of infection [96]. 

Injuries and diseases treated with stem cells in animals and the 

mechanism of their effect 

In veterinary medicine, there is mounting evidence in favor of MSC-based 

treatments. There is a long history of using MSC to treat orthopedic 

problems, particularly in horses [8;9;34;39;69;78;86], Equine Recurrent 

Uveitis [81], Equine Immune Mediated Keratitis [54], Equine Persistent 

Breeding-Induced Endometritis [33; 67;80], Endometrosis [18;59;58], 

Ovarian Diseases [40;91;101], Testicular Diseases [23], Equine Metabolic 

Syndrome [62], Equine Asthma [6], Wounds [65;90;92], Decubitus Ulcers 

[42;43;52], Laminitis [1;27;64;87], Peripheral Nerve Injury [13;98], 

Wobblers Syndrome [55; 5], Laryngeal Hemiplegia or Left Recurrent 

Laryngeal Neuropathy [82] and Endotoxemia [51]. Bovine MSCs used for 

Clinical Treatments Chronic Wound Healing [20;21;22], Mastitis 

[37;38;94] and Reproductive System [14;57;71]. MSC is also becoming 

increasingly widely used in canine treatment. Numerous in vivo studies 

have employed canine MSC with great success, particularly for the 

treatment of osteoarthritis [53;56;83], but also for a number of other 

ailments including atopic dermatitis [49;99], diabetes mellitus [79], 

inflammatory bowel disease [72], or to aid in the recovery of neurons after 

spinal compression fractures [85]. Processes for producing canine MSC 

need to be streamlined and enhanced simultaneously. The in vitro culture 

of MSC before giving it to the patient is one of the crucial elements. In this 

context, the cell culture medium is a critical component of the cell culture 

process and may have a significant impact on the effectiveness and 

standard of care [46]. Regarding left ventricular ejection fraction (LVEF), 

La Mantia et al. [50] described the use of stem-cell therapy against acute 

or chronic ischemic cardiomyopathies in large animal models. The authors' 

meta-analysis revealed that the pig species is proven to be a useful animal 

model in the field of cardiovascular research and that stem-cell treatment 

may enhance heart function in big animal models. In this perspective, 

Garcia-Mendivil et al.'s paper [35] on the creation of in vitro cellular 

models for prion neurodegenerative diseases affecting both people and 

animals, notably ruminants, is also relevant. demonstrate that MSCs have 

therapeutic benefits by secreting bioactive substances that provide an 

advantageous milieu for the healing and regeneration of damaged tissues 

[11]. The paracrine function of MSCs is crucial because it affects the target 

tissue's angiogenesis, neuroprotection, and immunoregulation by 

producing vital growth and trophic factors or bioactive compounds [16; 

93]. For instance, MSCs release a variety of chemokines that draw in and 

control the activity of various cell types, as well as growth factors like 

vascular endothelial growth factor (VEGF), hepatocyte growth factor 

(HGF), or leukemia inhibitory factor (LIF) that support cell survival and 

stimulate resident cell proliferation. Some of these growth factors, like 

VEGF, also have important pro-angiogenic effects, which are crucial for 

the regeneration of injured tissues since blood supply must be restored 

[19]. Additionally, MSCs release a variety of cytokines and mediators, 

including nitric oxide (NO), transforming growth factor (TGF), interleukin 

(IL)-6 and 10, prostaglandin E-2 (PGE-2), and IL-10, which have 

immunomodulatory effects such as preventing T lymphocyte proliferation 

[61], lysed by cytotoxic T cells [76], and NK cell activation [89] 

macrophages, too [68], or modulate B cell proliferation [2]. Treatment of 

ailments like mastitis has a lot of promise because of the antibacterial 

activity of MSCs and their derivatives. In addition to having a direct effect 

on milk production in the dairy sector, it would offer a substitute for the 

use of antimicrobials, lowering the likelihood of antibiotic resistance and 
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the amount of antibiotics in milk. Treatment with MSCs may reduce the 

time needed to recover from numerous illnesses that influence output, 

boosting profitability [110]. 

 

 

Conclusion: 

This review aims to highlight the importance of using stem cells in the 

treatment of many injuries and diseases in different animals when 

conventional treatment does not have any effect on the pathological 

condition and stem cell therapy can be combined with conventional 

treatment in order for the therapeutic results to be faster, thus preserving 

the health of the animal and its productive capacity.  
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