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A b s t r a c t  
 

Mammalian mesenchymal stem/stromal cells (MSCs) produce extracellular vesicles (EVs) 

associated with the plasma cell membrane, which may contain growth factors, chemokines, cytokines, 

and microRNAs. Currently, EVs are widely used to develop new regenerative strategies in the treatment 

of numerous diseases, since they convey most of the therapeutic properties of MSCs. This work shows 

for the first time that EVs enriched with exosomes can be isolated from conditioned media (CM) of 

MSCs from five different animal species using the method of differential centrifugation (DC) followed 

by ultracentrifugation (UC). The purpose of the work is to obtain EVs from conditioned media (CM) 

of MSCs of bone marrow (BM), umbilical cord blood (UCB) and adipose tissue (AT) of agricultural 

(cattle, sheep, horses) and small domestic animals (dogs, cats). We used MSCs that were previously 

obtained from the bovine and ovine BM, equine UCB, ovine, bovine, equine, canine and feline AT. 

MSCs were thawed and seeded into 25 cm2 growth area flasks, after 48 hours they were reseeded into 

175 cm2 growth area flasks in a ratio 1:7 and incubated for 10 days until the cells reached a complete 

monolayer. Then the CM from all MSC samples was poured into 50 ml sterile centrifuge tubes and 

EVs were isolated. For this purpose, we used the method of DC followed by UC. In all samples, 

electron microscopy revealed round or irregularly shaped microparticles of different sizes. The diame-

ters of individual EVs did not differ statistically between different animal species (p = 0.1). When 

comparing the number of particles isolated from 50 ml of CM from MSCs of different animal species, 

no statistically significant differences were detected (p = 0.1). Thus, on one mesh of bovine MSC(BM) 

and MSC(AT), 3±0.1 and 6±0.07 particles with a size of 50-100 nm, 7±0.02 and 4±0.03 particles of 

100- 150 nm, as well as 3±0.4 and 2±0.06 particles larger than 150 nm. EVs from CM of canine 

MSC(AT) were the most homogeneous in both shape (round) and size, and the main part was found 

in the range of 50-100 nm (12±0.02 particles). In samples isolated from the CM of ovine, bovine, 

equine MSC(AT) and equine MSC(UCB), the number of particles with a diameter of 50-100 nm was 

7±0.2; 7±0.01; 5±0.7 and 8±0.02. Analysis of the obtained electron diffraction patterns showed that 

more than 70 % of EVs had a diameter from 50 to 100 nm, that is, they were classified as exosomes. 

EVs isolated from CM canine MSC were positively stained with antibodies against the TSG101 antigen 

(cytoplasmic protein, exosome marker). The results obtained demonstrate that the CM of animals 

MSCs, isolated from BM, AT and UCB contains EVs, including exosomes. The DC method does not 

exclude the possibility that other particles are present in the preparation, so we propose to designate 

the result obtained as micro explosives enriched with exosomes. Obtaining EVs of a certain composition 

from the CM of agricultural and domestic animal MSCs opens up broad prospects for the use of 

exosomes in the diagnosis of diseases and treatment of agricultural and domestic animals. 
 

Keywords: mesenchymal stem/stromal cells, bone marrow, adipose tissue, umbilical cord 

blood, horses, cattle, sheep, dogs, cats, extracellular vesicular, exosomes, isolation, differential centrif-

ugation, identification 
 

Animal мesenchymal stem/stromal cells (MSCs) have been attracting 
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attention for several decades as a promising cellular material in regenerative med-

icine due to their in vitro adaptation and proliferation, differentiation ability, and 

powerful immunomodulatory and anti-inflammatory properties [1, 2]. It is possi-

ble that the regenerative abilities of MSCs are due to pleiotropic effects mediated 

by the secretion of soluble paracrine factors and extracellular vesicles (EVs) [3, 4]. 

EVs are naturally produced nanoparticles. They are an important component of 

the secretomes of various cells, provide complex transfer of biologically active 

molecules and horizontal transfer of genetic information [5, 6]. EVs are present 

in all biological fluids of the body, consist of double layers of phospholipids and 

differ in origin, composition and functions. Depending on how extracellular vesi-

cles are formed and their size, they are called apoptotic bodies, ectosomes, or 

exosomes. 

Apoptotic bodies, also known as apothecs, are cell fragments bounded by 

the plasma membrane that are formed as a result of apoptosis. They are approxi-

mately 50-5000 nm in diameter and may contain organelles or even fragments of 

the nucleus of a dead cell. Ectosomes, or budding microvesicles, are formed by 

protrusion of the plasma membrane from the cell outward; the bulge is detached 

from the cell membrane and turns into vesicles ranging from 50 to 200 nmm 

sometimes up to 1000 nm, in diameter. Exosomes are small vesicles, usually 40 to 

100 nm in size that appear inside the cell and bud into a cavity called an endo-

some. When a sufficiently large number of exosomes accumulate in this cavity, its 

further fate depends on what lipids its membrane consists of. If the endosome is 

labeled with lysobisphosphatidylic acid (phosphatidylinositol-3-phosphate) and 

contains ubiquitinated proteins, its contents will be destroyed, it will fuse with the 

lysosome, a membrane vesicle filled with enzymes that break down proteins, car-

bohydrates, lipids and nucleic acids. If the endosome membrane contains 

ceramides, the endosome fuses with the cell surface membrane, and many exo-

somes are pushed out into the extracellular environment [7]. 

Exosomes secreted by MSCs are of special interest [3, 8]. Currently, they 

are widely used to develop new regenerative strategies in the treatment of numer-

ous diseases, since they convey most of the therapeutic properties of these cells. 

The use of MSC-derived exosomes serves as an alternative to cell therapy and may 

minimize safety concerns when administering viable cells [9]. 

Exosome function is easily regulated by pretreatment of MSC culture, for 

example by adding chemical factors or cytokines, creating hypoxic conditions, and 

introducing gene modifications [10]. However, the mechanisms of the regenerative 

abilities of MSC exosomes in target cells are still not well understood. In addition, 

there are several unresolved issues, namely the lack of standards and guidelines 

regarding the size of EVs, their purity, the expression of certain biomarkers (e.g., 

CD9, CD63, CD81) on their surface and acceptable levels of contamination for 

identification and quality control of isolated exosomes [11]. The use of MSC ex-

osomes in clinical settings is also limited due to the lack of standardized cell 

culture conditions and optimal uniform protocols for isolation and storage of ex-

osomes, optimal therapeutic dose and administration schedule, and reliable assays 

to evaluate the effectiveness of EVs therapy. 

Improving methods for obtaining EVs of a certain composition opens up 

broad prospects for their use in the clinical practice of veterinary medicine [12]. 

Infectious diseases and zoonoses are among the main problems in keeping farm 

animals. Modern understanding of the biology of infectious agents is critical to 

ensuring the health and welfare of animals, maintaining their high productivity 

performance and food safety. It is believed that human EVs can carry viral ele-

ments, participating in both the spread of infectious diseases and the induction of 

an immune response against the infectious agent, and represent promising material 
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as diagnostic biomarkers for a better understanding of the disease pathogenic 

mechanisms [13]. EVs that are released by HeLa cells infected with Newcastle 

disease virus (NDV) or Мadin-Darby bovine kidney cells (MDBK) infected with 

caprine parainfluenza virus type 3 (CPV3) carry microRNA, RNA or proteins that 

enhance the cytopathic activity of the virus. In addition, EVs were able to suppress 

the expression of the interferon gene (IFN-β) in HeLa cells after NDV infection 

and inhibited autophagy during CPIV3 infections, suggesting a significant role for 

EVs in viral spread [14, 15]. EVs are secreted by various cells and, upon adaptation 

to in vitro conditions, are released into the growth medium, reaching a maximum 

amount when the medium becomes conditioned. 

This work shows for the first time that using differential centrifugation 

(DC) followed by ultracentrifugation (UC), EVs enriched in exosomes can be 

isolated from conditioned media (CM) of MSCs from five animal species. 

The purpose of the work is to obtain extracellular vesicles from condi-

tioned media of mesenchymal stem/stromal cells of bone marrow, umbilical cord 

blood and adipose tissue of cattle, sheep, horses and small domestic animals (dogs 

and cats). 

Magterials and methods. MSCs from the bone marrow (BM) of cattle and 

sheep, umbilical cord blood (UC) of horses, adipose tissue (AT) of sheep, cattle, 

horses, dogs and cats were isolated by us previously [16-19] and deposited in the 

Specialized Collection of Continuous Transplantable Somatic Cultures of Agricul-

tural and Game Animals RKKK (P) (SKhZh RAS, FSC ARRIEVM RAS) after 

identification and standardization. In the experiment of 2023, primary MSCs were 

thawed and plated into flasks with 25 cm2 avaible growth area; after 48 h culture, 

they were re-plated (1:7) into flasks with 175 cm2 growth area and cultured for 10 

days. 

The main culture medium for MSCs was DMEM with a low glucose con-

tent (1 g/l) (PanEco, Russia) supplemented with 10% bovin fetal blood serum 

(FBS) (HyClone, USA) and 1½ solution of essential amino acids and antibiotics 

(PanEco, Russia). The final concentration of streptomycin was 50 μg/ml, penicil-

lin 50 U/ml. Before use, FBS was preliminarily purified from exosomes (a L7 

Ultracentrifuge, Beckman, USA; 100,000 g for 60 min). 

Conditioned media (CM) were collected from MSCs cultures after they 

reached 100% monolayer in flasks with 175 cm2 surface area, the CM volume per 

flask was 50 ml. Morphological analysis of cells was performed visually (a phase-

contrast microscope with AxioVision Rel software for measurements. 4.8, Carl 

Zeiss, Germany). 

EVs were isolated by differential centrifugation (DC). First, CM were col-

lected in 50 ml sterile tubes (SPL Life Sciences Co, Korea) and subjected to low-

speed centrifugation (500 g, 20 min, a CM-6M centrifuge, SIA ELMI, Latvia) to 

remove dead cells, decayed cell components and other extracellular matrix parti-

cles in the CM that sediment. The supernatant was poured into another sterile 

tube and filtered (filter pore size 0.22 µm; GE Osmonics, USA). The filtered CM 

was again centrifuged (CM-6M, SIA ELMI, Latvia) at 2300 g for 30 min to re-

move apoptotic bodies from the sediment, and the supernatant was subjected to 

high-speed centrifugation at 13000 g for 30 min (an Eppendorf 5804, Eppendorf, 

Germany). Finally, EVs were recovered by ultracentrifugation at 100,000 g for 60 

min (a L7 Ultracentrifuge, Beckman, USA). The supernatant was removed and 

100 μl phospate-buffered saline (PBS) (PanEco, Russia) was added to the sedi-

ment and carefully resuspended by pipetting. 

The resulting EVs were examined using the negative contrast method [20]. 

A 30-μl EVs suspension in PBS was applied to a 150 mesh copper grid coated 

with butvar film; after 1 min, excess liquid was removed by touching grid edge 
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with filter paper. Next, 30 μl of a 2% phosphotungstic acid neutralized with a 1 M 

NaOH to pH 6.5, was applied to the grid. Excess liquid was removed after 10 s in 

a similar manner. The grids were air-dried for 10 min and examined (an electron 

microscope JEM-100CXII, JEOL, Japan; instrumental magnifications ½27000, 

½40000 and ½50000). The exosomes collected from 50 ml suspension of animal 

MSCs were assessed by the size (diameter) and counted at least in 10 fields of 

view per preparation in triplicate. 

Samples of EVs from CM of canine MSCs (AT), mouse embryonic fibro-

blasts STO line, and bovine MSCs (BM) (negative control) were lysed (RIPA 

buffer, Wuhan Servicebio Technology, Ltd., China). The protein concentration in 

the lysates was measured using a protein assay kit (Pierce BCA Protein Assay Kit, 

Thermo Fisher Scientific, Inc., USA). A 5½ buffer (10% SDS, 250 mM Tris-HCl, 

pH 6.8, 0.5% bromophenol blue, 50% glycerol, 5% β-mercaptoethanol) was added 

to equal volumes of lysates at 1:4 and heated for 10 min at 95 C for reduction 

and denaturation. Proteins were sedeparated electrophoretiaacally in 10% poly-

acrylamide gel with 1% SDS (SDS-PAGE) and transferred to polyvinylidene flu-

oride membranes (Merck Millipore, USA). Membranes were blocked with 5% 

skim milk in PBS with 0.1% Tween-20 for 1 h at room temperature. Next, they 

were incubated at the same temperature for 1 h with primary antibodies (AB) to 

TSG101 (sc-7964, 1, Santa Cruz Biotenology, USA; dilution 1:1000) followed by 

1 h incubation at room temperature with secondary goat AB to mouse antigens 

(AG) labeled with horseradish peroxidase (Axioma BIO, Russia). 

Data statistical processing was carried out using Microsoft Excel.Arithme-

tic means (M) and standard errors of the means (±SEM) were calculated. The 

significance of differences was assessed using Student’s t-test at p < 0.05. 

Results. EVs were isolated from the CMs of MSCs of five animal species, 

for cattle and sheep the cell populations were MSCs (AT) and MSCs (BM). The 

cells had similar properties in vitro. 

Figure 1 shows the fibroblast-like morphology of MSCs isolated from the 

BM of cattle (a) and sheep (g), from AT of cattle (d) and dogs (m), and UC of 

horses (k). Due to the lack of specific antibodies to AG of farm animals, the MSC 

phenotype was confirmed functionally by the ability to generate adipose and bone 

tissue cells upon induction. After induction by an adipogenic medium for 21 days, 

MSCs gradually transformed from fibroblast-like cells into flattened cells, and lipid 

droplets of different sizes appeared in the cytoplasm, which were stained red with 

fat red O (see Fig. 1, b, e, h, k, n). After 21-day incubation in an osteogenic 

medium, morphological changes appeared in all MSC populations, and silver-

rhenium staining revealed phosphates and carbonates that turned black (see Fig. 

1, c, f, i, l, o). 

Each sample of isolated EVs was resuspended in 100 μl of PBS (assigned 

in triplicate). Electron microscopic analysis revealed round or irregularly shaped 

microparticles of different size and clusters of fibrous structures in all samples. The 

latter were probably dried substances contained in part of the EVs which were 

destroyed during preparation, since they were not fixed. 

Analysis of the electron diffraction patterns showed that in all samples 

more than 70% of the preserved EVs had sizes from 50 to 100 nm, that is, they 

were classified as exosomes (Fig. 2). The diameters of the EVs did not differ sta-

tistically between different animal species (p = 0.1). When comparing the number 

of particles isolated from 50 ml CM of MSCs from different animal species, no 

statistically significant differences were found (p = 0.1). Thus, the EVs number 

per grid for bovine MSCs (BM) and MSCs (AT) were 3±0.1 and 6±0.07 of 50-

100 nm particles, 7±0.02 and 4±0.03 of 100-150 nm particles, and 3±0.4 and 
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2±0.06 particles larger than 150 nm, respectively. EVs from CM of MSCs (AT) 

of dogs were the most homogeneous both in shape (round) and in size, the main 

part (12±0.02) were 50-100 nm particles. In samples isolated from CMs of sheep, 

cat, horse MSCs (AT) and horse MSCs (UC), the number of 50-100 nm particles 

was 7±0.2, 7±0.01; 5±0.7 and 8±0.02, respectively. From CM of sheep MSCs 

(BM) we isolated 2±0.1 particles up to 50 nm in size, 5±0.6 particles of 50-100 nm, 

1±0.03 particles of 100-150 nm, 5±0.7 particles of 150-200 nm, 3±0.01 particles 

larger than 200 nm, two of which had an irregular shape, similar to ectosomes, 

budding microvesicles. 
 

 

Fig. 1. Microphotographs of mesenchymal stem/stromal cells (MSCs) before collecting the conditioned 

medium for isolating exosomes (left, monolayer) and their competence to adipo- (fat red O staining, 

center) and osteogenic (silver-rhenium staining according to von Kossa, right) differentiation upon 

induction: a, b, c — MSCs from cattle bone marrow (BM), d, e, f — MSCs from cattle adipose tissue 

(AT), g, h, i — MSCs (BM) of sheep, j, k, l — MSCs from horse umbilical cord blood; m n, o — 

MSCs (AT) of a dog (microscope Carl Zeiss, Germany, magnification ½100; for b, e, j, k, ½200). 
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Fig. 2. Micrograph of extracellular vesicles from conditioned media of mesenchymal stem/stromal cells 

of cattle (a) and sheep (b) bone marrow. Arrows indicate exosomes (electronogram, JEM-100CXII mi-

croscope, JEOL, Japan, a — magnification ½54000, b — magnification ½50000). 
 

To identify the phenotype of exosomes, EVs isolated from MSC CM of 

canine MSCs were used. This choice was due to the availability of mouse mono-

clonal antibodies to TSG101 recommended for the detection of TSG101 of mouse, 

rat, human and canine origin. Lysates of dog MSCs (AT) from which EVs were 

isolated, mouse embryonic fibroblasts STO line, and bovine MSCs (BM) (negative 

control) were used as controls. To identify exosomes, we used a protein marker 

for cellular exosomes and Western blot (immunoblot), an analytical method for 

determining specific proteins in a sample. Western blot is often used as a control 

test to confirm exosome isolation [7]. Surface proteins CD9, CD 63, CD81 can 

serve as markers of exosomes. We chose to detect the cytoplasmic protein TSG101 

due to availability of the corresponding antibodies. As a result, in all samples, 

except for the negative control, 50-55 kDa bands stained with the anti-AG 

TSG101 antibody were found (Fig. 3). 
 

 

Fig. 3. TSG101 protein (Western blot) in samples 

isolated from canine adipose tissue (AT) mesen-

chymal stem/stromal cell lysate (1), extracellular 

vesicles from conditioned media of canine adipose 

tissue (AT) mesenchymal stromal cells (2), mouse 

embryonic fibroblast STO lysate (3), negative 

control (4). M — molecular weight marker, 8-

195 kDa (Wuhan Servicebio Technology, Ltd., 

China). 
 

In our work, we demonstrated that cells with the MSC phenotype from 

agricultural (cattle, sheep, horse) and small domestic (dog, cat) animals produce 

EVs which accumulate in the CM and can be extracted. Previously, exosomes 

were obtained from MSCs of horses [21], dogs [22], and cats [23]. Many methods 

are used to isolate EVs from the CV of MSCs [24-26] among which we can high-

light differential centrifugation based on the difference in size and density between 

the EVs and other substances in the CM. This method is often used to extract 

exosomes due to the simplicity and stability of the result [27]. By DC method, 

unnecessary material is gradually removed from the CM. At the final stage, the 

purified CM is subjected to UC. UC is the most widely used method for exosome 

isolation and was once called the “gold standard” for exosome production [28]. 

We also used the DC method to obtain exosomes from animal MSC CM. 

In our study, we assessed the ultrastructure and particle size by electron micros-

copy. The results showed that EVs isolated from the CMs of MSCs (BM) and 

MSCs (AT) of all animal species are round or elliptical vesicles with membrane 

structures around the vesicles that are similar in shape. More than 70% of particles 

isolated from the CM of all MSCs had a size of 50-100 nm. 

Exosomes can contain various proteins, the composition of which depends 



 

1118 

on the host cell and is additionally modulated by its state (for example, stress or 

activation or inhibition of specific signaling pathways). Tetraspanins (CD9, CD63, 

and CD81) are the most common canonical exosome marker proteins present on 

the surface of vesicles. The surface localization of tetraspanin AG makes them 

suitable candidate targets for immunolabeling and purification of exosomes from 

biological samples. It should be noted that the difficulty in characterizing animal 

EVs compared to humans is due to the lack of specific EV related or non-related 

markers that can be used to characterize EVs across species. In addition, there are 

no available tissue- or cell-specific markers for isolating EV subpopulations and 

marker genes that could be used in the study of nucleic acids associated with EVs. 

Exosomes are enriched with Tsg101 and Alix proteins which are components of 

the endosomal sorting complex necessary for their transport. The cytoplasmic pro-

tein Tsg101 (Tumor Susceptibility Gene 101), involved in the formation of mul-

tivesicular exosome bodies and considered another important exosome marker, 

was identified as a marker of exosomes in the isolated samples [29]. Western blot-

ing showed that all samples isolated from dog MSCs (AT) were positive for this 

protein. 

Thus, conditioned media of mesenchymal stem/stromal cells from bone 

marrow, adipose tissue and umbilical cord blood of agricultural (cattle, sheep, 

horse) and small domestic (dog, cat) animals contain extracellular vesicles, in-

cluding exosomes. Since the size and density of most EVs and other cellular com-

ponents overlap to some extent, it can be assumed that the differential centrifu-

gation method does not isolate only exosomes, but rather results in an enrichment 

of the sample in exosomes. In our work, we described a DC-based method for 

isolating micro-EVs containing exosomes from five animal species. This will pro-

vide the basis for the use of exosomes in disease diagnosis and treatment of farm 

and domestic animals in the future. 
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