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 Obesity is a progressive condition that increases the risk of life-threatening diseases. 

Herbal medications can provide persistent and long-lasting therapeutic effects in 

combating obesity without any side effects. Adipose-derived canine mesenchymal 

stem cells (AD-cMSCs) were harvested from infrapatellar fat pad (IPFP) and 

differentiated into adipogenic and osteogenic lineages, confirmed by Oil Red O and 

Alizarin Red S staining. The adipogenesis of cMSCs was performed for 7 and 14 days 

in three treatment groups with variable doses of KRG administered in pre-induction, 

induction, and post-induction stages of adipogenesis. MTT assay and cell doubling 

time were performed on days 3, 6, 9, and 12. FACS was performed to analyze the 

expression of stem cell and adipogenic markers (CD90, CD105, and FABP4), while 

q-PCR evaluated adipogenic gene expressions (PPARγ and FABP4). G1 and G3 

showed the most significant response to KRG treatment at day 14 by effectively 

inhibiting adipogenesis at significant levels of P<0.001 and P<0.05. As the dose of 

KRG increased, converted adipocytes exhibited maximal apoptosis and significantly 

reduced cell viability (P<0.001). PPARγ and FABP4 were substantially 

downregulated at both day 7 and day 14 in response to elevated KRG doses. 

Collectively, these findings highlight the potent anti-adipogenic effect of KRG on 

canine adipose-derived mesenchymal stem cells, supporting its potential as an 

effective therapeutic agent for obesity management. According to our results, the 

minimum dose of KRG (<5 µg/mL) may be used as an effective treatment for patients 

with obesity. 
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INTRODUCTION 

 

Obesity is a globally recognized problem since 5 
decades, resulting from imbalanced calorie intake and 
spending. It is a root cause of hypertension, diabetes, and 
cardiovascular disease, making it a leading cause of death 
(Lin et al., 2021).  Herbal treatments are popular among 

people to manage obesity (Chandrasekaran et al., 2012). 
Adipogenesis is a process by which pre-adipocytes transform 
into mature adipocytes, involving the activation of key genes 
such as CCAAT/enhancer-binding protein alpha (C/EBPα), 
Peroxisome Proliferator-Activated Receptor gamma 
(PPARγ), and Fatty Acid-Binding Protein 4 (FABP4) 
(Moseti et al., 2016). Numerous pathways, for example, 
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Mitogen-activated protein kinase (MAPK), 
Phosphatidylinositol-3-kinase/Protein Kinase B 
(PI3K/AKT), and Janus Kinases/Signal transducers and 
activators of transcription (JAK/STAT), are crucial in the 
process of adipogenesis and induction of obesity (Wen et al., 
2022). The Extracellular Regulating Kinase (ERK) subunit of 
MAPK pathway is critical for early adipogenesis (Bost et al., 
2005). Additional MAPK subunits (JNK and p38) augment 
adipogenesis by enhancing C/EBPα and PPARγ gene 
expression (Ambele et al., 2020). The glucose uptake and 
glycogen synthesis are activated by the PI3K/AKT pathway, 
hence assisting adipogenesis (Hemmings et al., 2012). 

Fatty acids (FAs) are basic units of lipids that are 
broken down during digestion and absorbed through the 
intestine. This increases the circulatory levels of Free Fatty 
Acids (FFAs), contributing fat accumulation in various 
organs, leading to insulin resistance, and countless health 
concerns (Boden, 2008). Fatty Acid Binding Protein 4 
(FABP4) expression among adipose cells facilitates FA 
transport, regulates glucose and lipid metabolism to 
peroxisome proliferator-activated receptor-γ (PPARγ) and 
hormone-sensitive lipase (HSL) (Prentice et al., 2019). 
Amplified FABP4 levels are linked with obesity-related 
endocrine disruption and cardiovascular problems 
(Hotamisligil et al., 2015). Obesity is associated with 
increased expression of PPARγ, which stimulates 
adipogenesis and lipogenesis in adipose tissue (Kersten, 
2002). Therefore, PPARγ and FABP4 targeting therapy 
may help reduce obesity (Floresta et al., 2022). 
Mesenchymal stem cells (MSCs) are important in 
regenerative therapies because they can divide and develop 
into different cell types (Friedenstein et al., 1976; 
Ramalho-Santos et al., 2007). MSCs are non-
hematopoietic, multipotent, and have unique superficial 
markers (Dominici et al., 2006). These are derived from 
many sources such as adipose deposits, bone marrow, 
amniotic fluid, and umbilical cord (Rashid et al., 2021; 
Sarfraz et al., 2021; Saba et al., 2024).  

Ginseng, specifically Panax ginseng, is a popular herbal 
remedy in East Asia with a variety of health benefits for 
diabetes, inflammation, cancer, and reproductive disorders 
(Oh et al., 2019; Ham et al., 2019). Korean Red Ginseng 
(KRG) is made by steaming fresh ginseng roots to increase 
their medicinal potency and is used to treat inflammation and 
cardiovascular disease (Qi et al., 2011; Baek et al., 2012). 
Despite its potential, there is a paucity of studies examining 
the effects of KRG on mesenchymal stem cells. 

Recently, the occurrence of obesity in dogs’ ranges 
from 25% to 44% in developed nations. It is the third most 
common condition following periodontal disease and 
otitis externa. Canine obesity has a profound effect on 
their health, diminishing their quality of life and 
increasing susceptibility to cardiovascular issues, 
arthritis, respiratory complications, and diabetes (Suarez 
et al., 2022). Although the onset of clinical obesity in 
dogs is influenced by the lifestyle and dietary practices of 
their owners, improvements can be made by incorporating 
herbal alternatives into their regular diet. Evidence 
suggests that notoginseng saponins and selective herbal 
treatment promote the osteogenic differentiation of rat 
bone marrow (BM-MSCs) and human osteoblasts (Li et 
al., 2011; Yin et al., 2007); however, few studies have 
investigated the role of selective herbal treatments in 
MSC differentiation (Wang et al., 2016). However, we 
could not find any studies related to the effects of KRG 
on adipogenesis and osteogenicity of canine MSCs. This 
investigation aims to explore the impact of KRG on the 
differentiation process of canine adipose-derived 
mesenchymal stem cells (AD-MSCs), specifically 
focusing on the expression of key adipogenic genes such 
as FABP4 and PPARγ 
 

MATERIALS AND METHODS 

 

Tissue collection: This study employed canine 
mesenchymal stem cells (cMSC) that had been previously 
removed from the infrapatellar fat pad and stored at -80ºC 
and used in a previous study (Rashid et al., 2021). All 
procedures and protocols for cell management and 
disposal adhered to the guidelines set forth by the 
Institutional Ethics Committee guidelines of PMAS Arid 
Agriculture University, Rawalpindi (PMAS-
AAUR/IEC/665). 
 

Sample preparation: Korean Red Ginseng Extract was 
generously provided the Korean Society of Ginseng with 
batch number H2006 (2)-1153. The certificate of analysis 
showed that the concentration of ginsenosides 
(Rg1+Rb1+Rg3) in the extract was not less than 5.50 mg/g. 
A full certificate of analysis is available upon request. Even 
more than that, High-Performance Liquid Chromatography 
(HPLC) was conducted in accordance with our earlier 
research (Lee et al., 2019) to evaluate the extract's 
composition, as illustrated in Fig. 1. 

 

 
 

Fig. 1: HPLC chromatogram of Korean Red Ginseng extract. 
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Fig. 2: Effects of KRG on cell number/doubling and cell viability. (A-B) 
Cell doubling time and viability on days 3, 6, 9, and 12 with and without 

KRG (1–5 µg/mL). Values in the bar graph are presented as the mean ± 

least square mean of at least three (n=3) independent experiments for 
each treatment group. 

 

Cell separation and culture technique: In summation, the 

adipose tissue underwent a thorough washing with DPBS-/- 

(BioWest, Nuaillé, France) containing 5% penicillin-

streptomycin (P-S) (Caisson, Smithfield, UT, USA) and 

Amphotericin-B (A-B) (Caisson, Smithfield, UT, USA), 

followed by mincing and enzymatic digestion in LG-

DMEM (BioWest, Nuaillé, France) with Collagenase 

Type-I (Solarbio, BJ, China) (0.1 mg/mL) at 37ºC for 135 

minutes. The addition of an equal volume of LG-DMEM 

with 10% FBS (BioWest, Nuaillé, France) effectively 

halted the enzymatic reaction. Following this, the mixture 

underwent filtration through a 100 μm cell strainer and was 

centrifuged at 548g for 10 minutes. The cell pellet obtained 

was resuspended in complete LG-DMEM, which included 

10% FBS, 1% P-S, and A-B, and subsequently transferred 

to T-25 tissue culture flasks. The cells were then incubated 

in a humidified chamber at 37ºC with 5% CO2, with fresh 

media being replenished every 48 hours until the cells 

reached confluence (80% to 90%). Subculturing was 

performed by detaching the cells using a trypsin-EDTA 

solution (Caisson, Smithfield, UT, USA) (0.05% and 0.53 

mM w/v, respectively) for 10 min. Next, the trypsin activity 

was neutralized by adding 10% FBS, and the isolated cells 

were subcultured until passage number two (P-2). The cells 

were categorized into distinct groups based on the dosage 

of KRG. Group I included concentrations of 1µg/mL, 

2.5µg/mL, and 5µg/mL during all three phases of 

adipogenesis, namely pre-induction, induction, and post-

induction maintenance media. Group II consisted of KRG 

at 1µg/mL, 2.5µg/mL, and 5µg/mL, applied solely during 

the adipogenic induction phase. Lastly, Group III was 

defined by the application of KRG at 1µg/mL, 2.5µg/mL, 

and 5µg/mL exclusively during the adipogenic post-

induction maintenance phase. 

 

cMSCs doubling time: In Passage 3, the doubling time of 

cells was assessed on days 3, 6, 9, and 12. Specifically, 

5000 cells/well were inoculated in a 48-well culture plate, 

both with and without KRG at concentrations ranging from 

1-5 µg/mL. On the designated day, the culture media was 

removed after performing two washes with DPBS-/-. After 

the cells were trypsinized, they were collected and 

resuspended in 1 mL of complete medium, with cell counts 

performed through a modified Neubauer chamber. 

 

cMSCs MTT assay: The metabolic activity of cMSCs was 

evaluated through the application of MTT dye on days 3, 6, 

9, and 12. A total of 5000 cells per well were cultured in 

48-well plates, with or without the addition of KRG (1–5 

µg/mL) in complete LG-DMEM. Following the application 

of 0.25 µg/mL MTT and a 3-hour incubation period, the 

supernatant was discarded, and the formazan crystals were 

dissolved in 100 µL of DMSO. The optical density at 630 

nm was recorded using a microplate reader (BioTek 800TS, 

USA). 

 

Immunophenotyping of MSCs: At passage 3, cMSCs 

were characterized by flow cytometric analysis with and 

without KRG (1–5 µg/mL) as described elsewhere (Rashid 

et al., 2021). After trypsinization, 5×105 cells were 

resuspended in DPBS-/- and rabbit raised antibodies against 

CD90, CD105, and FABP4 (1:100) (Elab Science, TX, 

USA) were incubated at 37°C for 15 minutes. 

Subsequently, the cells were washed with DPBS-/- and co-

incubated with secondary antibody conjugated with Alexa 

Fluor-488 (1:300) in DPBS-/- at room temperature for 15 

minutes, in separate FACS tubes designated for each 

antigen. After-wards cells were washed again with DPBS-

/-, and flow cytometry was conducted using a FACScan 

from BD Biosciences, CA, USA.  

 

Adipogenic and osteogenic differentiation: At P-3, IPFP 

derived cMSCs at a concentration of 2.5  104 cells/well 

were plated in a 24-well plate to reach confluence and 

underwent differentiation into adipocytes with adipogenic 

induction medium (LG-DMEM, 10% FBS, 10 µM 

rosiglitazone, 0.1 mM IBMX, 0.3 mM dexamethasone, 1% 

P-S and 5 µg/mL insulin, with various KRG concentrations 

from 1-5 µg/mL). After a 48-h induction period, the 

medium was transitioned to an adipogenic maintenance 

medium (LG-DMEM, 1% Excyte, 1% P-S, and 5 µg/mL 

insulin, also with and without KRG) for durations of 7 and 

14 days, with medium changes occurring every 2 days. 

After washing the cells with DPBS-/- and fixing them in 4% 

buffered formalin for 30 min, they were rinsed again with 

DPBS-/-. The application of ORO dye followed, with the 

cells being incubated in darkness for 30 min. After the 

rinsing process, the ORO stain was eluted with anhydrous 

isopropanol, and the absorbance was assessed at 490 nm. 

To induce osteogenic differentiation, 2.5×104 cells were 

seeded in each well of a 24-well plate. Following the 

attainment of 90% confluence, the cells underwent 

treatment with osteogenic medium, which consisted of 

αMEM supplemented with 0.75 nM Vitamin D3, 50 µM 

ascorbate-2-phosphate, 10 mM   ß-glycerophosphate, 100 
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Fig. 3: Flow cytometry (FACS) of CD-90, CD-105, and FABP4 in cMSC. Control and adipogenic converted MSCs expressions on day 7 (A) and day 14 
(B) of adipogenesis with and without KRG (1–5 µg/mL). 
 

nM dexamethasone, 1% P-S, A-B, and FBS 10%. 

Following 21 days, the degree of extracellular 

mineralization was assessed through Alizarin Red S (ARS) 

staining. Initially, cells were rinsed with DPBS-/- and 

subsequently fixed in 4% buffered formalin (30 min), and 

subsequently stained with a 40 mM ARS solution for 45 

min in the dark. 

 

Gene expression studies: For gene expression analysis, 1 

× 105 cells were seeded into T-25 cell culture flasks. The 

detailed protocol and primer sequences were based on our 

previous study (Rashid et al., 2021). Reactions were carried 

out in triplicate while preserving the GAPDH 

housekeeping gene, and the relative expression was 

evaluated through the 2-ΔΔCT technique. 

 

Statistical analysis: Statistical analysis of the data was 

conducted using a two-way analysis of variance 

(ANOVA), followed by the Holm–Sidak post-hoc test, 

utilizing SigmaPlot 12.0 (Systat Software Inc., San Jose, 

CA, USA). The findings are expressed as mean ± least 

squares mean (LSM), with a p ˂ 0.05 believed statistically 

significant. 
 

RESULTS 
 

Influence of KRG on cell population and survival: Cell 

counts exhibited an initial increase over time; however, 

following KRG treatment, a dose-dependent decline was 

observed. On day 9, the treated cohort experienced a 

notable decrease in cell numbers, with the most pronounced 

reduction occurring at the highest concentration of 5 

µg/mL. By day 12, all treatment groups demonstrated 

significant reductions in cell counts when compared to the 

untreated cohort as shown in Fig 2A. A cellular viability 

assay corroborated this pattern, revealing a dose-dependent 

decline in viability that commenced on day 3 across all 

concentrations (ranging from 1 µg/mL to 5 µg/mL), with 

significant reductions recorded on days 3, 6, 9, and 12 as 

the KRG concentrations escalated as shown in Fig 2B. 

 

Immunophenotypic Analysis of IPFP-MSCs: 

On day 7 (Fig. 3A) and day 14 (Fig. 3B), stem cell markers, 

such as CD-90 and CD-105, and the adipogenic marker 

FABP4 expressions were found to be highest in cells 

treated with 1 µg/mL of KRG and lowest in cells treated 

with 5 µg/mL of KRG in all three treatment groups. This 

suggests that KRG treatment resulted in a dose-dependent 

reduction in the number of cells expressing stem cell and 

adipogenic markers. 
 

Bi-lineage differentiation capability of cMSCs into 

Osteocytes and Adipocytes: In the lineage differentiation 

capacity of cMSCs, the osteogenic transformation was 

validated through hydroxyapatite deposition observed after 

21 days (Fig. 4A). The successful hydroxyapatite deposition 

serves as an indicator of this transformation. Additionally, 

cMSCs underwent differentiation into adipocytes over 

periods of 7 and 14 days (Fig. 4B–C). Notable decreases in 

ORO uptake were recorded in Group 1 when comparing the 

induced group with KRG concentrations of 5 µg/mL and 2.5 

µg/mL (P<0.001), as well as between KRG 1 µg/mL and 

KRG 5 µg/mL (P<0.05), as detailed in Table 1. Group 2 

exhibited a comparable trend on both days 7 and 14. In Group 

3, significant differences were observed between the induced 

and KRG 5 µg/mL groups, as well as between the non-

induced and induced groups (P<0.001), with further 

significant differences noted between KRG 2.5 µg/mL and 

KRG 1 µg/mL compared to KRG 5 µg/mL (P<0.05). 

Collectively, ORO uptake was markedly inhibited on days 7 

and 14 during the adipogenic differentiation process, 

particularly in Group 3 at the KRG concentration of 5 µg/mL. 
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Gene expression analysis via RT-PCR: RT-PCR analysis 

validated the expression of CD-90 and CD-105 in cultured 

MSCs, demonstrating positive expression in both non-

induced and adipose-induced stem cells (Fig. 5A). 

Additionally, PPARγ and FABP4 expression across all 

three experimental groups revealed that both genes were 

expressed in differentiated adipocytes by day 7, with a 

notable reduction observed at the highest KRG dosage 

across all groups (Fig. 5B & D). Comparable trends were 

noted on day 14 (Fig. 5C & E). 
 

 
 

Fig. 4: Bi-lineage differentiation of MSCs into osteocytes and adipocytes. (A) Conversion of MSCs into osteocytes after 21 days of osteogenic induction 
(Alizarin Red S stain). (B-C) Adipogenic conversion of MSCs into adipocytes after 7 and 14 days with and without KRG (1–5 µg/mL) (Oil Red O stain). 

The photographs were captured using the microscope at a magnification of 10X. 
 

 
 

Fig. 5: Gene expression levels of CD-90, CD-105, PPARγ and FABP4. The changes in stem cell marker expression CD-90 and CD-105 (A), PPARγ on 

days 7 and 14 (B-C) and FABP4 on days 7 and 14 (D-E) were evaluated using real-time PCR. SYBR Green PCR reagent was used to extend the cDNA 
obtained from MSCs with and without adipogenic induction. The bar graph values present the mean ± least square mean of at least three (n=3) 

independent experiments for each treatment group.



Pak Vet J, xxxx, xx(x): xxx. 
 

6 

 
 
Table 1: ORO quantification in Groups 1-3. Data were normalized using 
the ORO accumulation in the non-induced group and expressed as the 

mean ± LSM. In Group-1. A,B indicate P<0.001 significance between the 
overall means after 7 and 14 days of adipogenesis. a,b show significance 
P<0.05 among induced, non-induced, and KRG 5 µg/mL, 2.5 µg/mL, and 
1 µg/mL groups. # represents significance at p = 0.12 between KRG 5 

µg/mL and 1 µg/mL groups. For Group-2, a,b show significance P<0.05 
among induced, non-induced, and KRG 5 µg/mL, 2.5 µg/mL, and 1 µg/mL 
groups. # represents significance at P<0.05 between KRG 5 µg/mL and 1 

µg/mL groups. For Group-3, A,B indicate P<0.001 significance between the 
overall means after 7 and 14 days of adipogenesis. a,b show significance 
between induced, non-induced, and KRG 5 µg/mL and 2.5 µg/mL groups. 
c represents significance, p = 0.032, between the KRG 5 µg/mL and 1 

µg/mL groups. 

 
 

DISCUSSION 

 

The name 'Ginseng' is derived from a Greek word, 

'Panax', which translates to 'cure for all', highlighting its 

widespread medicinal benefits. Although KRG has been 

explored for its potential in treating obesity (Zhang et al., 

2017), its effect on cMSCs is still insufficient. This study 

aimed to evaluate the effects of different doses of KRG on 

adipogenesis in canine MSCs, which can serve as a suitable 

model for human obesity (Stachowiak et al., 2016). Our 

results specified that elevated KRG dosage markedly 

reduced cellular proliferation and viability, likely leading 

to apoptosis in adipose-derived MSCs. This observation 

implies that KRG supplementation may eliminate 

precursor cells essential for adipocyte development. The 

results of experiment are consistent with earlier studies that 

demonstrated the ability of Chinese herbal medicines to 

suppress adipogenesis in human MSCs via diminished 

PPARγ regulation and antioxidant pathways (Di Giacomo 

et al., 2015). 
The expression of cell surface markers is vital for 

comprehending the functionality of MSCs. Stem cells are 
characterized by the presence of specific markers; 
otherwise, the processes of extraction and isolation require 
optimization (Rashid et al., 2023). The CD-90 and CD-105 
were used to verify MSC expression. CD-90 plays a critical 
role in mediating cell interactions that govern growth and 
tissue regeneration (Sauzay et al., 2019). Meanwhile, CD-
105 serves as a co-receptor in the TGF-β signalling 
pathway, endorsing the proliferation of various cell types, 
particularly endothelial cells (Lebrin et al., 2004). The cells 
demonstrated maximal expression of both markers; 
however, a reduction in the number of positively stained 
cells with increasing dosages of KRG, suggesting an 
inhibitory effect of KRG on cell proliferation.  

Data from ORO staining showed that adipogenically 
differentiated cells reached peak fat accumulation at day 14 
with a cell diameter of 21.1 μm, whereas the cell diameter 
observed at day 7 was 18.4 μm (Rapid Analysis of Human 
Adipose- Derived Stem Cells and 3T3-L1 Differentiation 
Toward Adipocytes Using the Scepter™ 2.0 Cell Counter., 
2012). Nevertheless, the cellular uptake of ORO staining 
was minimal at the highest KRG concentration in group 3, 
suggesting that the reduced cell number resulted in 
decreased adipogenesis and reduced fat droplet formation. 
Previous studies have similarly shown that 
epigallocatechin gallate and Euglena can reduce ORO 
staining in MSCs by inhibiting the levels of PPARγ and 
C/EBP (Chani et al., 2016; Sugimoto et al., 2018). 
Furthermore, herbal supplements have been shown to 
produce similar effects in MSCs derived from human bone 
marrow (Kim et al., 2020).  

The supplementation of KRG was found to inhibit cell 

proliferation and the retention of ORO staining, which led 

to an exploration of the mechanisms involved. Our study 

focused on the expression of genes associated with the 

adipogenic pathway, with a particular emphasis on PPARγ, 

an early transcription factor in adipogenesis that is 

activated by fatty acids and prostaglandins. Activation of 

PPARγ enables the expression of C/EBPs, resulting in the 

development of a differentiated adipocyte phenotype (Wu 

et al., 2020). By quantitative PCR analysis, we observed 

that PPARγ expression was most significantly suppressed 

in group 3 treated with KRG during the maintenance 

period, especially on day 14. This observation is consistent 

with previous studies showing that ginsenosides function 
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as antagonists of PPARγ, thereby reducing hepatic fat 

accumulation and inhibiting lipogenesis in various 

experimental models (Zhang et al., 2014). Furthermore, 

investigations into whole ginseng extract and “sun 

ginseng” have demonstrated their anti-obesity properties 

through the down regulation of PPARγ and associated 

lipogenic genes (Shin et al., 2018).  

The expression of FABP4 was inhibited by the peak 

concentration of KRG in group 3 on the 14th day of 

adipogenesis, which is consistent with research indicating 

that fermented ginseng extracts diminish lipid metabolism 

by down regulating FABP4 and PPARγ in high-fat diet 

mice (Li et al., 2018). Furthermore, white ginseng has been 

shown to possess anti-hypercholesterolemic properties in 

rats through the suppression of FABP4 (Nalbant et al., 

2020). Other substances, such as hesperetin (Subash-Babu 

et al., 2015), dihydrotestosterone (Gupta et al., 2008), and 

muscadine grape seed oil (Zhao et al., 2015), have also 

been found to inhibit adipogenesis by decreasing FABP4 

expression. The findings from PCR were corroborated by 

FACS analysis, which revealed a comparable inhibitory 

effect with escalating doses of KRG. 

We achieved some favorable outcomes with KRG; 

however, the constraints of our study primarily involved 

the absence of experimentation using an in vivo canine 

model of obesity, and the application of dosages below 

1µg/mL for the in vitro studies, which were limited by time, 

funding, and ethical considerations. These limitations will 

be addressed in the future to establish a more robust 

framework for obesity improvement at the stem cell level. 

 

Conclusions: These findings indicated that KRG exhibited 

toxicity towards adipocytes at a concentration of 5 µg/mL. 

Conversely, 1 µg/mL, KRG appeared to be relatively safe, 

showcasing its anti-adipogenic and anti-obesity properties. 

Nonetheless, there remains an opportunity for further 

investigation at lower concentrations than those examined 

in this study. Given our current findings, we hereby support 

the potential usage of KRG in both humans and companion 

animals experiencing direct or indirect obesity and 

associated complications. 
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