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Conditions that impair cartilage, whether due to mechanical injury or age-

related degeneration, pose significant challenges for patients and 

healthcare systems. As life expectancy increases, the prevalence of these 

conditions is expected to rise, necessitating the development of innovative 

therapeutic strategies. Given the limited regenerative capacity of cartilage, 

in vitro tissue engineering techniques have become a favored approach for 

creating cartilage replacements. This field primarily focuses on generating 

substitutes in the form of chondrocyte suspensions and three-dimensional 

scaffolds populated with chondrocytes. A significant obstacle in cartilage 

formation is the bioactive compounds used for stem cell differentiation, 

which can inadvertently lead to hypertrophy and ossification of the cells. 

Despite extensive research into various materials to identify effective 

bioactive compounds, a universally accepted option has not yet been 

established. In light of these challenges, this research aims to explore a 

variety of bioactive compounds, particularly those derived from herbal 

medicines that have been previously investigated. By focusing on these 

compounds, the study seeks to identify potential candidates to enhance 

cartilage regeneration and improve therapeutic outcomes for patients 

suffering from cartilage-related conditions. This investigation is crucial for 

advancing tissue engineering approaches and addressing the growing 

burden of cartilage degeneration in an aging population. 
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Introduction 

Tissue engineering is a contemporary discipline 

focused on developing and regenerating 

artificial tissues and organs. The concept of 

replacing damaged body parts with materials 

derived from natural sources dates back over 

4,000 years. However, it has only recently been 

realized that the engineering of living tissues 

has led to the establishment of the tissue 

engineering field. Tissue engineering is an 

emerging area of research that shows significant 

potential for replacing damaged tissues by 

integrating three key components: cells, 

scaffolds, and bioactive factors [1]. Current 

research in the field of tissue engineering is 

centered on advancing the three essential 

components-cells, scaffolds, and bioactive 

factors to address fundamental questions and 

create functional living tissues. Tissue 

engineering has already achieved significant 

success in generating avascular tissues and 

organs, and it holds considerable promise for 

developing more complex tissues and organs 

that incorporate highly organized three-

dimensional (3D) vascular structures [2-4].  

In the future, tissue engineering is anticipated to 

yield more complex tissues and organs, which 

could address the shortage of organ donations, 

decrease the reliance on animal models in drug 

discovery and toxicity research, and support 

the advancement of patient-specific smart 

diagnostics and personalized medicine. In 

addition to applied tissue engineering, a 

comprehensive understanding of the 

fundamental sciences that govern cellular 

behavior, including their microenvironment 

and the signaling mechanisms that regulate their 

functions, is essential [5]. 

Cartilage Tissue Engineering 

Cartilage tissue engineering focuses on creating 

functional cartilage tissue to replace damaged or 

lost cartilage. Conventional treatment approaches 

for cartilage defects frequently fall short of 

delivering satisfactory results, primarily due to the 

limited regenerative capacity of cartilage [6]. 

Tissue engineering strategies address this 

limitation by employing stem cells and bioactive 

factors to enhance chondrogenesis. Due to its 

avascular and aneural characteristics, as well as its 

composition of a single cell type (chondrocytes), 

cartilage tissue has emerged as one of the initial 

candidates for tissue engineering and a prime 

target for early efforts to create living and 

functional tissue constructs in vitro. Additionally, 

the influence of surrounding tissues must be taken 

into account in orthopedic tissue engineering. 

While bone and cartilage are distinct tissues, their 

development is interconnected [7]. The 

transcription factor Sox9 is expressed in 

chondrocytes and regulates chondrogenesis. It 

also suppresses the later stages of osteochondral 

bone formation by downregulating vasculogenesis 

[8]. The induction of differentiation in 

chondrocytes is a critical aspect of cartilage 

tissue engineering. When cultured in a 

monolayer, human articular cartilage cells 

exhibit regular growth and differentiation, 

simultaneously expressing proteoglycans and 

type II collagen (Coll II) [9]. Several studies 

have proposed co-culture systems that combine 

chondrocytes and stem cells to overcome various 
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challenges associated with monocultures in 

cartilage tissue engineering. Additional research 

has indicated that integrating co-culture with 3D 

biomaterial scaffolds may enhance the 

effectiveness of these approaches [10]. The 

advanced strategy of the 3D culture of 

chondrocytes on hydrogel scaffolds has been 

shown to prevent chondrocyte dedifferentiation 

and preserve chondrogenic phenotype [11-13]. 

3D scaffolds significantly influence 

mesenchymal stem cells (MSCs) in their 

chondrogenesis, as the mechanical environment, 

hydrostatic pressure, tensile strain, cell-cell 

interactions, bioactive compound gradients, and 

other factors created by the cells in 3D culture 

play a crucial role. These conditions mimic the 

processes observed during embryonic 

development, thereby enhancing the 

differentiation of stem cells [12, 14, 15]. Stem 

cells possess the ability to differentiate into 

various tissue-forming cells critical for cartilage 

and bone regeneration, with MSCs, induced 

pluripotent stem cells, and embryonic stem cells 

being the most extensively studied. Due to their 

superior proliferative capacity compared to 

chondrocytes, combining stem cells with 

chondrocyte-derived cells may not accurately 

represent the optimal cell density required for 

effective tissue repair. Therefore, it is essential to 

evaluate the optimal cell density for each 

specific defect volume while also 

considering the type of matrix employed. 

Furthermore, the design and fabrication of 

scaffolds are integral to tissue engineering, 

as they establish a three-dimensional 

microenvironment that facilitates cell 

attachment, proliferation, differentiation, and 

the secretion of specific extracellular matrix 

(ECM) [16]. 

Adipose Tissue-Derived Stem Cells in 

Cartilage Tissue Engineering 

Adipose tissue-derived stem cells (ADSCs) are 

multipotent stem cells that can be isolated from 

adipose tissue. These cells have garnered 

considerable interest in regenerative medicine 

due to their abundance, ease of isolation, and 

capacity to differentiate into various cell types, 

including chondrocytes [17]. ADSCs have 

shown great potential for CTE, as they can be 

readily obtained through minimally invasive 

procedures such as liposuction [18]. 

ADSCs can be induced to differentiate into 

chondrocytes through various methods, 

including bioactive compounds and herbal 

medicine [19, 20]. The differentiation process 

involves expressing specific genes and 

producing ECM components characteristic of 

mature cartilage tissue [10]. Moreover, the 

stromal vascular fraction of adipose tissue has 

been shown to contain up to 2% of cells capable 

of differentiating into various cell types, 

including osteoblasts, chondrocytes, adipocytes, 

and neurons. In contrast, bone marrow contains 

only approximately 0.002% of cells with similar 

differentiation potential [21]. Flow cytometry 

analysis has been widely used to assess stem 

cells' surface immunophenotype isolated from 

humans and other species. Previous studies have 

demonstrated that human adipose-derived stem 

cells (hADSCs) express specific adhesion 

molecules, such as CD9, as well as MSC 

markers, including CD90, CD44, and CD73, 

along with the histocompatibility antigen human 

leukocyte antigens. In contrast, hematopoietic 
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antigens (CD31, CD34, and CD45), the stem cell 

factor CD117, and the histocompatibility antigen 

human leukocyte antigens have been identified 

as absent from the surface of hADSCs [22]. 

Flow cytometry analysis was conducted using 

the aforementioned panel of antibodies to 

evaluate whether hADSCs maintain their stem 

cell immunophenotype following expansion in 

culture. Given their ease of collection and ability 

to undergo multipotential differentiation, 

hADSCs represent a promising cell source for 

treating cartilage lesions. These stem cells can be 

readily expanded in culture over multiple passages 

to achieve a sufficient and homogeneous 

population before differentiating into chondrocytes, 

the cells responsible for cartilage formation [23]. 

However, the characteristics and differentiation 

capacity of serially passaged hADSCs have not yet 

been reported in detail. 

Bioactive compounds in cartilage tissue 

engineering 

Bioactive compounds play a vital role in 

promoting the chondrogenesis of ADSCs. 

Various anabolic bioactive compounds enhance 

the synthesis of proteoglycans, aggrecan, and   

Coll II by chondrocytes, stimulate the 

proliferation of synoviocytes and MSCs, and 

promote the chondrogenic differentiation of 

MSCs. Additionally, catabolic cytokines  

such as interleukin-1 (IL)-1 can negatively 

impact the ECM by increasing matrix 

metalloproteinase (MMP) activity. These 

signaling molecules regulate cellular 

processes and direct stem cells toward a 

chondrogenic lineage. Commonly utilized 

growth factors in CTE include transforming 

growth factor-beta (TGF-β), insulin-like 

growth factor-1 (IGF-1), and fibroblast growth 

factor-2 (FGF-2) [24, 25]. 

TGF-β is recognized for its capacity to induce 

chondrogenesis and enhance the synthesis of 

cartilage-specific ECM components. It promotes 

the expression of chondrogenic markers, 

including Coll II and aggrecan (AGG), thereby 

facilitating the formation of functional cartilage 

tissue. [26, 27]. IGF-1 and FGF-2 also contribute 

to chondrogenesis by enhancing cell 

proliferation, matrix synthesis, and cell survival 

[28]. 

Growth factors (GFs) are the major regulators of 

cell behavior. They promote cell proliferation, 

migration, and differentiation by specific 

receptor bindings that stimulate cellular signal 

transduction pathways [29]. GFs involve several 

physiological and pathological processes, such as 

tissue repair and hemostasis. GFs can be released 

from ECM by degrading ECM proteins, GAGs, 

or PGs [30, 31]. Several GFs and cytokines have 

been suggested to be involved in 

chondrogenesis. TGF-βs family includes TGF-β-

1, -2, -3, and bone morphogenic proteins 

(BMPs), which have a prominent role in 

chondrocyte ECM metabolism and activity as a 

major inducer of collagen synthesis and tissue 

homeostasis [19, 32-34]. Most bioactive 

compounds have been assessed individually 

rather than in combination to determine their 

effects on cartilage homeostasis, both in vitro 

and in vivo. Given the complexity and 

interactions of these compounds necessary for 

optimal cartilage growth and maintenance, it is 

improbable that any single bioactive compound 

can achieve complete cartilage repair or 

significantly influence the arthritic environment. 
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Additionally, this protein family uniquely 

activates SMAD-dependent signaling and 

transcription and SMAD-independent signaling 

pathways via MAPKs, such as ERK and TAK1 

[35-37]. TGF-β can induce SOX9 synthesis and 

promote AGG, Coll II, and ECM synthesis by 

activating the SMAD2/3 phosphorylation 

pathway, leading to articular cartilage repair 

[38]. BMPs stimulate cartilage synthesis and 

decrease the activity of catabolic cytokines, such 

as IL-1, IL-6, IL-8, MMP-1, and MMP-13 [39]. 

Moreover, BMP-7 may reduce the degradation 

of articular cartilage in osteoarthritis [40, 41]. 

Some studies have investigated new approaches 

with IGF-I/ FGF-2/ TGF-β/ BMPs/ SOX 

combinations for cell-based articular cartilage 

repair [42, 43]. 

Herbal medicines as bioactive compounds in 

cartilage tissue engineering 

In addition to bioactive compounds, herbal 

medicine has shown potential in enhancing the 

chondrogenesis of ADSCs. Extensive screening 

of traditional medicinal plants has effectively 

treated infections, diseases, and inflammatory 

conditions (Fig. 1). Certain herbs possess 

chondrogenic properties and have been found to 

stimulate the proliferation of mature stem cells, 

facilitating the regeneration of damaged tissues. 

Many Chinese herbs exhibit adipogenic, 

osteogenic, and chondrogenic effects on human 

mesenchymal stem cells (hMSCs). Current 

research is focused on integrating medicinal 

plant extracts and their bioactive compounds 

with polymers for tissue regeneration 

applications. These herbal extracts promote the 

differentiation of ADSCs into chondrocytes and 

enhance the production of cartilage-specific 

extracellular matrix components while reducing 

inflammation, thereby contributing to effective 

cartilage tissue engineering strategies (Table 1). 

 

 

 

 

Fig. 1. Different approaches of using herbal extract in scaffold 
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Data Acquisition 

The databases Google Scholar, Web of 

Science, PubMed, Scopus, and SID were 

searched for literature published within the last 

10 years, with no restrictions on language. 

Both in vivo and in vitro studies were 

evaluated equally. Two independent 

researchers reviewed the included data, 

abstracts, titles, and full texts to assess their 

relevance for inclusion in the study. The 

search terms utilized included "adipose-

derived stem cells," "herbal medicines," 

"herbal remedies," "chondrogenesis," 

"cartilage," "tissue engineering," as well as the 

term "herb" and its derivatives, in combination 

with specific plant and herb names. 

 

Table 1. Herbal medicines as bioactive compounds in adipose-derived stem cells chondrogenesis 

Authors year Title 
Bioactive 

Compound 

Scaffold/Drug 

Carrier 
Result 

Fang-Tian Xu 

[44] 
2015 

Characterization of 

chondrogenic gene 

expression and cartilage 

phenotype differentiation in 

breast human adipose 

derived stem cells  

promoted by ginsenoside 

Rg1 in vitro 

Ginsenoside Rg1 Monolayer culture 

Chondrogenic phenotype 

differentiation and higher mRNA 

expression of Coll II, Coll XI, acid 

phosphatase, cartilage oligomeric 

matrix protein, and ELASTIN 

compared with the control at later 

stages. The results reveal an obvious 

positive dose effect. 

Zynolabedin 

Sharifian 

[45] 

 

2016 

Cartilage tissue engineering 

via Avocado soy 

unsaponifiables and human 

Adipose Derived Stem 

Cells on Poly lactic-co-

glycolic acid / Hyaluronic 

acid composite scaffold 

ASU 
PLGA/ HA 

composite scaffold 

The expression of genes-related 

chondrogenesis markers Sox9, Coll 

II, and AGG in differentiated cells in 

the presence of ASU were 

significantly increased. Coll X 

expression was not significantly 

increased. 

Mojtaba 

Esmaeily 

[46] 

2016 

Effect of piasclidine on 

induction of 

chondrogenesis by human 

adipose derived stem cells  

in fibrin scaffold 

Piasclidine Fibrin Scaffold 

The proliferation and survival rate of 

cells in a fibrin scaffold was not 

significantly different. However, the 

gene expression of Coll II and AGG 

was significantly more, and the 

expression of Coll X was 

significantly less in the piasclidine 

group compared to the TGF-β group. 

Hadi Didehvar 

[47] 

 

2016 

Comparing the effects of 

TGF-ß1 and piascledine on 

the expression of Collagen 

type II, X, and aggrecan 

genes in chondrogenesis of 

human adipose derived 

stem cells  in fibrin alginate 

composite scaffold 

TGF-β1and 

Piascledine 

Fibrin Alginate 

Composite Scaffold 

The proliferation rate and survival of 

cells in a fibrin alginate scaffold in 

the Piascledine group increased. 

Also, Piascledine increased Coll II 

gene expression and reduced Coll X 

gene expression Compared to TGF-

β1. 

Batool 

Hashemibeni 
2017 

Comparison of the efficacy 

of piascledine and TGF-β1 

piascledine and 

TGF-β1 

fibrin-alginate 

scaffold 

The MTT results showed that 

piascledine can enhance the 
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[48] on chondrogenic 

differentiation of human 

adipose derived stem cells  

in fibrin and fibrin-alginate 

scaffolds 

proliferation and survival of ADSCs 

in fibrin scaffolds compared to other 

groups. Real-time PCR evaluation 

revealed that the expression of Coll 

II was higher in TGF-β1 groups, but 

the expression of AGG was higher in 

TGF-β1 alone or along with 

Piascledine in fibrin-alginate 

scaffolds. Furthermore, the 

expression of Coll X was lower in 

Piascledine alone or along with 

TGF-β1 in the fibrin scaffold. 

Mehri Katani 

[49] 
2017 

The effect of pomegranate 

fruit extract on producing 

Collagen type in 

differentiation of human 

adipose derived stem cells  

into chondrocytes 

Pomegranate 

Extract 
fibrin scaffold 

ADSCs differentiated into 

chondrocytes, and Coll II production 

by differentiated cells was proved. 

Batool 

Hashemibeni 

[50] 

2019 

Effects of Avocado soy 

unsaponifiables on the 

chondrogenesis of human 

adipose derived stem cells  

cultured on Poly lactic-co-

glycolic acid /Fibrin hybrid 

scaffold 

ASU 
PLGA/Fibrin/ 

Hybrid Scaffold 

Enhanced cellular viability was 

observed in the ASU group 

compared to the TGF-β3 group. 

AGG, Coll II, and SOX9 analysis 

revealed that ASU and TGF-β3 

induce hADSCs on the PLGA/ fibrin 

scaffold to differentiate into 

chondrocytes in-vitro. Moreover, a 

significant decrease was observed in 

the expression of Coll X and I genes 

in the ASU group compared to the 

TGF-β3 group. Type Coll II protein 

levels significantly increased in 

TGF-β3 and ASU groups compared 

to the control group. Protein levels of 

Coll X significantly declined in the 

ASU group compared to the TGF-β3 

group. 

Arefeh Basiri 

[51] 

 

2019 

Cartilage tissue formation 

from human adipose 

derived stem cells  via 

herbal component Avocado 

soy unsaponifiables in the 

scaffold‑free culture 

system 

ASU 
Micromass Culture 

System 

ASU can promote chondrogenic 

differentiation in a Dose-dependent 

manner. In particular, ASU showed 

the highest expression of Coll II, 

SOX9, and AGG, which are effective 

and important markers in 

chondrogenic differentiation. The 

expression of types Coll I and X, 

which are hypertrophic and fibrous 

factors in chondrogenesis, is lower in 

5 ng/ml ASU compared with the 

TGF ‑ β1 group. Moreover, the 

GAGs in the ECM and chondrocytes 
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within the lacuna were more 

prominent in the 5 ng/ml ASU group 

than in other groups. 

Marta Anna 

Szychlinska 

[52] 

2020 

Cycloastragenol as an 

exogenous enhancer of 

chondrogenic Di erentiation 

of human adipose derived 

stem cells  : A 

morphological study 

CAG 
3D chondrogenic 

culture 

After excluding Cycloastragenols 

cytotoxicity, improved cell 

condensation, higher GAG content, 

and increased cell proliferation have 

been detected in CAG pellets until 28 

days of culture. Overall, CAG 

improved the chondrogenic 

differentiation of hAMSCs, 

maintaining stable, active chondrocyte 

phenotype in up to 28 days of 3D in 

vitro chondrogenic culture. 

Batool 

Hashemibeni 

[3] 

2020 

Comparison of fibrin and 

Poly lactic-co-glycolic acid 

/fibrin scaffolds for 

chondrogenesis of human 

adipose derived stem cells  

by Icariin 

ICA 

Fibrin and 

PLGA/fibrin 

Scaffolds 

MTT results show that viability in 

the control group was significantly 

higher than in the Fibrin and 

PLGA/Fibrin groups. Also, viability 

in the PLGA/Fibrin group affected 

by ICA was higher than that in the 

Fibrin group. Real-time PCR 

showed that SOX9, AGG, Coll II, 

and Coll I gene expression in the 

fibrin and PLGA/fibrin groups were 

significantly higher than in the 

control group. Coll X gene 

expression in the fibrin group was 

higher than in the control group but 

not significantly. SOX9, Coll II, and 

Coll I gene expression in the fibrin 

group was significantly lower 

compared to the PLGA/fibrin group. 

Mona Gorji 

[53] 
2020 

The effects of fibrin– 

Icariin nanoparticle loaded 

in Poly lactic-co-glycolic 

acid scaffold as a localized 

delivery system on 

chondrogenesis of human 

adipose derived stem cells   

ICA 

Fibrin/ICA 

Nanoparticle 

Loaded in PLGA 

Scaffold 

The size and surface charge of the 

Fibrin/ICA Nanoparticles were about 

28–30 nm and −17, respectively. 

The average pore size of PLGA and 

PLGA/fibrin/ICA was 230 and 340 

μm, respectively. Cell viability of 

differentiated cells in the 

PLGA/fibrin group was higher than 

others significantly. Furthermore, 

quantitative RT ‑ PCR analysis 

demonstrated that Icariin 

upregulated cartilaginous ‑ specific 

gene expression. Furthermore, the 

results of the expression of Coll I 

revealed that ICA downregulated 

this gene significantly. 

Ahmad 2020 Chondrogenic activity of PFE and ASU fibrin scaffold Cell viability, cartilage gene 
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Teimourinejad 

[54] 

two herbal products: 

pomegranate fruit extract 

and Avocado soy 

unsaponifiables 

expression, matrix staining density, 

and Coll II protein levels in PFE 

samples were significantly higher. 

Histological assessments revealed 

more chondrogenic centers in the 

PFE group. 

Batool 

Hashemibeni 

[12] 

 

2021 

Impact of fibrin on the 

chondrogenic Avocado soy 

unsaponifiables on Poly 

lactic-co-glycolic acid 

scaffold 

ASU 
PLGA/fibrin 

scaffold 

The MTT results on the 14th day 

showed that the viability of hADSCs 

in the PLGA group was higher than 

in the PLG/Fibrin group, but it was 

not significant. Real-time PCR 

results demonstrated that SOX9, Coll 

II, and AGG gene expression in the 

PLGA and PLGA/Fibrin groups are 

higher than the control group. The 

real-time PCR results indicated that 

Coll X in the PLGA/Fibrin group is 

lower than in the PLGA and control 

groups. Also, Coll I gene expression 

in the PLGA group was higher than 

in the control group. Administrating 

fibrin with a PLGA scaffold can 

induce chondrogenesis in hADSCs 

on chondrogenic media containing 

ASU. 

Mona Gorji 

[55] 
2021 

Evaluation Avocado soy 

unsaponifiables loaded in 

Poly lactic-co-glycolic acid 

/ Avocado soy 

unsaponifiables ‑fibrin The 

nanoparticles scaffold (new 

delivery system) is an 

effective factor for 

tissue engineering 

ASU 

PLGA/ASU/Fibrin 

Nanoparticles 

Scaffold 

The results of Dynamic light 

scattering and Scanning Electron 

Microscopy indicated that 

nanoparticles had high quality. The 

expression of Coll II and SOX9 and 

AGG genes in differentiated cells in 

the presence of ASU was 

significantly increased compared 

with the control group, on the other 

hand, Coll I expression was 

significantly decreased and western 

blot confirmed it. 

Mona Gorji  

[56] 
2021 

Releasing and 

structural/mechanical 

properties of nanoparticle/ 

Punica granatum 

(Pomegranate) in Poly 

lactic-co-glycolic acid 

/fibrin as a nano-composite 

scaffold 

Pomegranate 

PLGA/ pomegranate 

/Fibrin 

Nanoparticles 

Scaffold 

The results showed that the size of 

the nanoparticles was about 100 nm. 

The scaffold had a slow degradation 

rate, which caused a sustained 

release pattern of pomegranate. MTT 

assay indicated that nanoparticles 

had no cytotoxicity, and fibrin/ 

pomegranate nanoparticles increased 

the compressive strength of 

PLGA/scaffolds dramatically and 

also caused a proper compressive 

modulus. 
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Batool 

Hashemibeni 

[33] 

2021 

Investigation and 

comparison of the effect of 

TGF-β3, kartogenin and 

ASU on the In-vitro and In 

vivo chondrogenesis of 

human adipose derived 

stem cells  on fibrin 

scaffold 

TGF-β3, 

Kartogenin and 

ASU 

Fibrin Scaffold 

The results of the real-time PCR 

indicated that SOX9, AGG, and Col 

II gene expression in TGF-β3, 

kartogenin, and ASU groups were 

significantly higher compared to the 

control group, Coll X gene 

expression only in the TGF-β3 group 

was significantly higher compared to 

the control group. The GAG 

deposition was higher in TGF-β3, 

kartogenin, and ASU groups 

compared to the control group. The 

immunohistological analysis showed 

the distribution of Coll X in the 

ECM in the fibrin scaffold TGF-β3 

group was significantly higher in 

control kartogenin and ASU groups, 

and ASU, particularly kartogenin, 

was suitable for successful 

chondrogenic differentiation of 

hADSCs and a suppressor of the 

consequent hypertrophy. 

Batool 

Hashemibeni 

[57] 

2022 

Comparison of 

chondrogenesis induction 

by TGF-β3, kartogenin and 

Avocado soy 

unsaponifiables Between 

laboratory and animal 

models 

TGF-β3, 

Kartogenin, and 

ASU 

Fibrin Scaffold 

A significant increase in the density 

of Toluidine blue dye accumulation 

was observed in TGF-β3, 

kartogenin, and ASU groups in 

the animal model compared to 

the laboratory model. Immuno-

histochemical results for the Coll X 

accumulation in the TGF-β3 group 

showed a significant increase in the 

animal model compared to the 

laboratory model. In the kartogenin 

and ASU groups, the accumulation 

of Coll Χ showed a significant 

decrease in the animal model 

compared to the laboratory model. 

Ahmad 

Teimourinejad 

[58] 

2022 

An animal model study of 

osteochondral defect repair 

by human adipose stem 

cells and pomegranate fruit 

extract  

PFE Fibrin Scaffold 

The viability rate, along with the 

expression levels of Coll II, AGG, 

and Coll X genes, was significantly 

higher in the pomegranate fruit 

samples compared to the control 

group. The macroscopic grades and 

histological findings of the 

pomegranate fruit samples were 

comparable to those of the TGF-β3 

group. Additionally, the number of 

positive cells for Coll I protein was 

significantly greater in the 
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pomegranate fruit group than in the 

control. 

Ali Honarvar 

[59] 
2023 

Chondrogenesis of 

mesenchymal stromal cells 

on the 3D Printed 

polycaprolactone/fibrin/de 

ellular cartilage matrix 

hybrid scaffolds in the 

presence of piascledine 

Piascledine 

3D Printed 

Polycaprolactone/Fi

brin/Decellular 

Cartilage Matrix 

Hybrid Scaffolds 

Using compounds like extracellular 

matrix and Piascledine in inducing 

chondrogenesis in ADSCs resulted 

in an increase in cartilage-specific 

markers and a decrease in 

hypertrophic markers compared to 

TGF-β3. In the Piascledine groups, 

there was a statistically significant 

increase in Coll II protein, as well as 

in the expression of Coll II and AGG 

genes, along with a higher amount of 

GAGs in the polycaprolactone/ 

fibrin/ extracellular matrix group 

compared to the polycaprolactone 

and polycaprolactone/ fibrin groups 

Maryam 

Bahrami 

[60] 

2023 

Cartilage tissue engineering 

Via Icariin and adipose 

derived stem cells  in fibrin 

scaffold 

ICA Fibrin Scaffold 

The results indicated that ICA, TGF-

β3, and the combination of TGF-β3 

and ICA enhanced cell proliferation 

and viability, with no significant 

differences among the treatments. 

Quantitative RT-PCR analysis 

revealed that the combination of ICA 

and TGF-β3 had a superior effect on 

the expression of cartilage-specific 

genes, significantly increasing the 

levels of Sox9, Coll II, and AGG. 

Additionally, while TGF-β3 

increased the expression of Coll I 

and Coll X, the combination 

treatment of Icariin and TGF-β3 

significantly downregulated the 

expression of these genes. 

Ali Honarpardaz 

[61] 
2023 

In vitro chondrogenic 

differentiation of human 

adipose derived stem cells  

by diacerein 

Diacerein Monolayer Culture 

Diacerein increased the expression 

of the genes involved in 

chondrogenesis: SOX9, Coll II, 

AGG, and TGF-B1. Immuno-

cytochemistry results also showed 

increased production of Coll II as 

the primary protein marker for 

chondrocytes. 

Coll= Collagen type II; AGG= Aggrecan; ASU=  Avocado soy unsaponifiables; PLGA=   Poly lactic-co-glycolic 

acid; HA=  Hyaluronic acid;  hADSC= Human adipose derived stem cells; TGF-ß= Transforming growth factor 

beta; PCR= Polymerase chain reaction; ECM= Extracellular matrix; 3D= Three-dimensional; ICA= Icariin; 

PFE= Pomegranate fruit extract; CAG= Cycloastragenol; MTT= (3-[4,5-dimethylthiazol-2-yl]-2,5 diphenyl 

tetrazolium bromide); SOX9= SRY-Box transcription factor 9 
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Conclusion 

The chondrogenic potential of ADSCs 

presents significant opportunities for tissue 

engineering and regenerative medicine. 

Utilizing natural bioactive compounds and 

herbal medicine to enhance the 

chondrogenic capacity of ADSCs represents 

an innovative strategy for cartilage repair 

and regeneration. The studies reviewed in 

this article underscore the efficacy of 

bioactive compounds such as TGF-β, IGF-1, 

FGF, and PDGF, along with herbal extracts 

from plants like “Salvia miltiorrhiza” and 

“Tripterygium wilfordii”, in promoting 

chondrogenesis. However, further research is 

necessary to elucidate the mechanisms 

through which these natural compounds 

facilitate chondrogenic differentiation and to 

optimize their therapeutic applications. The 

findings presented herein offer valuable 

insights into the role of natural bioactive 

compounds and herbal medicine in 

chondrogenesis, paving the way for future 

cartilage repair and regeneration advancements. 
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