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Introduction: Due to the lack of repair of cartilage lesions, tissue 

engineering tries to produce cartilage using cells, scaffolds, and growth 

factors. Pomegranate seed extract (PSE) and unsaponifiable soybean/ 

avocado (ASU) are plant compounds that effectively maintain the 

extracellular cartilage matrix. In this study, we tried to investigate the 

effects of PSE on the process of chondrogenesis and compared it with the 

effects of ASU in this process. 

Materials and Methods: Human adipose-derived stem cells (hADSCs) 

were transferred to fibrin scaffolds in the third passage in three groups 

(control, PSE, and ASU) for chondrogenic differentiation. After 14 days, 

Western blotting evaluated the samples for cell survival by (3-[4,5-

dimethylthiazol-2-yl]-2,5 diphenyl tetrazolium bromide) (MTT) assay 

production of collagen type II and collagen type X. 

Results: Evaluation of MTT results in different groups showed that the 

survival rate in the two groups of PSE and ASU was significantly lower 

than the control group (p ≤ 0.05). Quantitative western blotting showed 

that the production of collagen type II protein in both groups significantly 

increased compared to the control group (p ≤ 0.05). Quantitative analysis 

of collagen type X protein production showed that the production of this 

protein in the PSE group was significantly reduced compared to the ASU 

group. 

Conclusion: PSE and ASU are two important factors in inducing 

chondrogenesis in hADSCs in fibrin scaffold. ASU's impact on 

chondrogenesis of hADSCs in fibrin scaffold is greater than that of PSE. 
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Introduction 

Cartilage is specialized tissue without blood 

vessels and has main cells called chondrocytes 

scattered in the extracellular matrix (ECM), 

rich in collagen (Col) and proteoglycans. 

Based on the biochemical and structural 

properties of the ECM, there are three types of 

cartilage: hyaline, elastic, and fibrous [1-3]. 

Chondrocytes in Lacuna cannot proliferate and 

migrate, so this tissue cannot be adequately 

repaired, and cartilage tissue damage is one of 

the global problems [3]. Osteoarthritis is one 

of the common diseases of middle age and old 

age, associated with thinning and degeneration 

of articular cartilage and eventual destruction 

of the underlying bone [4]. In this disease, 

damage to the cartilage collagen network and a 

decrease in aggrecans cause cartilage 

destruction [5]. It is estimated that 10% of 

people over the age of 60 suffer from 

rheumatoid disease [6]. 

Tissue engineering is a potential scientific 

field in the medical sciences that seeks 

permanent and efficient keys to repair tissue 

damage that affects millions of people 

worldwide each year. By integrating the 

principles and methods of engineering and 

medical sciences, tissue engineering is 

searching for tissue production, or an efficient 

organ that can be a suitable alternative to 

repair, replace or improve the function of 

damaged tissue or organs [7]. Regulation of 

cell phenotype, cell proliferation, induction of 

in vitro differentiation, and proper scaffold 

design are essential factors in cartilage tissue 

engineering (CTE) [8]. Success in CTE 

depends on three basic elements:1- Select a 

cell source that can produce new tissue with 

hyaline cartilage tissue characteristics; 2- The 

use of inducible growth factors, cytokines, 

hormones, or physical stimuli that cause cells 

to differentiate and produce a cell-like ECM, 

3- Selection of suitable biomaterials as 

scaffolds to allow cell proliferation and 

chondrogenic differentiation [9, 10].  

Among cells, adipose-derived stem cells 

(ADSCs), due to their high potential for 

differentiation into different cell lines, as well 

as high proliferation rate, longer lifespan, less 

invasive action during harvesting, maintaining 

differentiation ability in a variety of culture 

media and scaffolds, as well, ease of collection 

is a good candidate for tissue engineering and 

is widely used as a source of stem cells in this 

field [9-11]. 

Fibrin is a natural biomaterial formed  

from the polymerization of fibrinogen by 

thrombin [12]. Other properties of fibrin 

include biocompatibility, biodegradability, high 

culture efficiency, and proper cell distribution 

[13]. The existence of such benefits and its role 

in the natural process of recovery and 

regeneration has made fibrin a better choice as a 

scaffold for transferring various materials to 

cells than artificial scaffolds. It should be noted 

that the relatively rapid decomposition and poor 

strength of fibrin are limitations of its use as a 

scaffold [10]. 

Important molecules are used in CTE, and 

their role is to induce cartilage and maintain 

the phenotype of cartilage cells. Growth 
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factors are important in regulating stem cell 

differentiation and are widely used in CTE and 

repair. These factors are important in 

proliferation, apoptosis, and cell differentiation 

and regulate the cell cycle and immune system 

[14]. The growth factors mainly used today to 

differentiate chondrogenesis are transforming 

growth factor beta (TGFβ)-1 and TGF-β3 [9- 

15, 16]. These growth factors not only cause 

cells to express hyaline cartilage-specific 

markers (such as Col II) in high amounts but 

inevitably lead to increased hypertrophic 

differentiation or the formation of fibrous 

cartilage [13]. In addition, their high cost, 

rapid degradation, and short half-life limit 

their widespread use, especially in clinical 

settings [17]. Therefore, researchers in the field 

of CTE are looking for materials to replace these 

growth factors. Soybean/ avocado unsaponifiable 

(ASU) contains avocado and soybean extract in a 

ratio of 1 avocado to 2 soybeans prepared 

unsaponifiable with the brand name Piasclidine 

[16]. The main constituents of ASU are 

phytosterols β-sitosterol, campesterol, and 

stigmasterol [18]. ASU has anabolic, anti-

catabolic, and supportive effects on cartilage. 

This compound prevents cartilage destruction 

and builds cartilage by inhibiting certain 

molecules. ASU stimulates the expression of 

Col II and aggrecan by inhibiting 

inflammatory cytokines [Interleukin (IL)-1, 

IL-6, IL-8, tumor necrosis factor-alpha, 

Prostaglandin E2] in chondrocytes and also 

inhibits the production and activity of matrix 

metallopeptidases (MMP) [19, 20]. The β-

sitosterol in ASU has anti-inflammatory, 

antioxidant, and analgesic effects [21].  

Pomegranate has special chemical compounds 

with medicinal, antioxidant, and anti-

inflammatory properties. Pomegranate seed 

extract (PSE) contains Prodelphinidin, 

anthocyanins, ellagic acid, gallic acid, and 

pomegranate seed oil also contains punicic 

ellagic acid, steroidal estrogen, oestrone and non-

steroidal phytoestrogens [22]. Anthocyanins are 

polyphenolic compounds with antioxidant and 

anti-inflammatory activity [23]. Studies 

have shown that Prodelphinidin inhibits 

prostaglandins E2   and produces Col II [24].  

Materials and Methods 

Preparation of ASU and PSE 

The avocado/soy mixture is prepared as a pure 

powder from Prarin Pars Company, which has 

the approval of the Deputy Minister of Food 

and Drugs of the Ministry of Health. 

Pomegranates were obtained from Najaf Abad 

city, Isfahan province, and were approved by 

the Department of Pharmacognosy, Faculty of 

Pharmacy, University of Isfahan, before use. 

They were peeled, and their arils were 

collected and dried. The husks were dried 

powdered, and their extract was obtained using 

the percolation method. The extract was 

concentrated at 45 °C by applying a rotary 

evaporator, and first, freeze-dried, then stored 

at -20 °C [25]. 

Isolation and proliferation of hADSCs and 

cell culture on fibrin scaffold 

Adipose tissue was prepared after obtaining 

written consent from the operating room and 

after washing under the influence of 

collagenase IA at the rate of 1 mg/gr of fat for 

40 minutes. After tissue analysis, in order to 
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neutralize the enzyme, equivalent to the 

volume of enzyme used, dulbecco's modified 

eagle medium (DMEM) (Gibco) culture 

medium containing penicillin/ streptomycin 

1%, fetal bovine serum (FBS) (sigma) 10% 

was added. Then, by centrifugation of the 

resulting suspension (1400 rpm for 10 

minutes), the supernatant was drained along 

with the fat cells, and DMEM + 10% FBS was 

added to the resulting cell sediment. In the 

final stage, the cells were cultured in a 25 cm2 

flask in DMEM + 1% penicillin/streptomycin 

+ 10% FBS in an incubator at 37 °C, 5% CO2, 

and relative humidity. After 24 hours, the extra 

cells were emptied by changing the medium. 

The medium was changed every 4 days. When 

the cells reached 80% confluence, they were 

detached using 0.05% trypsin/0.53 mM 

ethylenediaminetetraacetic acid (EDTA) 

(Sigma). Passage P3 cells were then seeded 

into scaffolds [10]. 

Preparation of thrombin and fibrinogen 

In order to prepare thrombin, a bag of fresh 

frozen plasma (FFP) was prepared from the 

blood bank of Isfahan province, and after 

being placed for 10 minutes in a Ben Marie 

device at 37 °C, it was melted. After 

disinfecting the bag with 70% alcohol, the 

contents were transferred to a 50 ml Falcon 

tube; 16 ml of FFP was transferred to each 

Falcon tube. Then, 10 ml ampoules of calcium 

gluconate were added to each Falcon tube, and 

the resulting suspension was incubated for 60-

90 minutes. After centrifugation of the 

resulting mixture (2200 rpm for 10 minutes), 

the clear contents of the upper part of each 

tube containing thrombin were emptied and 

stored at -80 °C by eliciting in 1 ml amounts 

[13]. 

The precipitate bag was prepared from the 

blood bank of Isfahan province and placed in 

Ben Marie at 37 °C for 10 minutes. After 

disinfecting the outer surface of the bag with 

70% alcohol, the contents were transferred to a 

15 ml Falcon tube under sterile conditions and 

stored at -80 °C. 

Cell transfer to fibrin scaffold and 

chondrogenic differentiation 

The resulting cell suspension was counted after 

separating the cells from the third passage from 

the flasks. Then 300 μl of fibrinogen was 

transferred to plate wells in 24 houses, and 

thrombin was added immediately after adding 

50 μl of culture medium containing one million 

cells, equivalent to the volume of fibrinogen. 

The plate was immobilized under the hood for 

10 minutes to form a fibrin scaffold. Cells 

transferred to fibrin scaffolds were classified 

into three groups: 1- ASU group, under the 

influence of chondrogenic induction medium 

with ASU with a concentration of 10 μg/ml. 2- 

PSE group, under the influence of chondrogenic 

induction medium containing PSE with a 100 

μg/ml concentration. 3- A chondrogenic 

induction medium influenced the control group 

without growth factor. Finally, 1 ml of 

chondrogenic medium (according to the group 

in it) was added to each well, and the plate 

containing fibrin scaffold was kept in an 

incubator at 37 °C and 5% CO2, and the 

medium was replaced every three days. The 

induction period was considered to be 14 days, 

and then the fibrin scaffold and cells were used 

for further studies [13]. 
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3-[4,5-dimethylthiazol-2-yl]-2,5 diphenyl 

tetrazolium bromide (MTT) technique 

After induction of chondrogenesis, each well 

was drained on the 14th day, and after washing 

with PBS, 400 μl of DMEM and 40 μl of MTT 

(5 mg/ml) were added to the wells. The plate 

was incubated at 37 °C and 5% CO2 for 4 

hours. Based on this, the yellow MTT, after 

entering the living cell, was regenerated by the 

mitochondrial dehydrogenase enzyme of the 

cells and formed a purple precipitate of 

formazan dye. The pure medium was then 

drained with MTT, and after adding 400 μl of 

dimethyl sulfoxide (DMSO), it was kept in the 

dark for one hour and pipetted. DMSO creates 

a purple color by dissolving formazan crystals. 

In the end, one hundred microliters of the 

resulting solution were transferred to plate 96 

cells, and enzyme-linked immunosorbent 

assay read their optical absorption (wavelength 

540 nm). This operation was repeated three 

times for each sample [26]. 

Western blot technique 

The radio-immune precipitation assay buffer 

was used to lyse cultured cells for protein 

extraction. Then, protein samples were 

electrophoresed at 70 V for 120 minutes on 

7% sodium dodecyl-sulfate polyacrylamide 

with 5% stacking gel. The proteins were later 

transformed with a nitrocellulose paper at 40 

mA for 120 minutes. The nitrocellulose blot 

was blocked with 4% (W/V) dry milk solution 

for 3 hours. The blot was washed in tween-

tris-buffered saline and then incubated with 

collagen type I monoclonal antibody (Abcam) 

at a 1:1000 dilution overnight. Finally, the 

goat anti-mouse secondary antibody was 

added at a dilution of 1:5000 for 3 hours. After 

final washing, the protein bands were detected 

with diaminobenzidine [9]. 

Statistical analysis 

The Kolmogorov-Smirnov test was used to 

assess the normality of the data distribution. 

Statistical analysis was performed using SPSS 

software, with one-way ANOVA and post hoc 

Tukey tests applied to analyze the data. 

Results 

After primary culture of the cell mass and 

observation under an inverted microscope, the 

cells were spherical and floating. However, 

after a few hours, they began to stick to the 

bottom of the flask, and their shape gradually 

changed from spherical to polygonal, star-

shaped, and spindle-shaped with short, slightly 

cytoplasmic appendages. After 24 hours of 

culture and switching medium, floating cells 

such as red blood cells and white and fat 

particles were evacuated. Cells attached to the 

bottom of the flask, which were mononuclear, 

proliferated by successive mitotic divisions 

and occupied the bottom of the flask after 5 to 

7 days. As the cells proliferated and increased 

in number, the stellar and palate shapes 

decreased, and most of the cells became 

spindle-shaped. With more cells proliferating 

and the confluence of 80% of the bottom of 

the flask, the cells were trypsinized and 

transferred to new culture dishes (Fig. 1). 

MTT result 

The results of MTT in different groups showed 

that the survival rate in the two groups of PSE 

and ASU was significantly lower than in the 

control group (p ≤ 0.05). The survival rate of 
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the PSE group was lower than other groups, 

which was not significant compared to the 

ASU group (p ≤ 0.05), and the control group 

was significant (p ≤ 0.01) (Fig. 2). 

Western blot results 

Quantitative analysis of Col II protein 

production showed that ASU (p ≤ 0.01) and 

PSE (p ≤ 0.05) groups had a significant 

increase compared to the control group, which 

was 5.7 times for the ASU group and 3.5 times 

for the PSE group. The production of this 

protein in the ASU group was significantly 

increased compared to the PSE group (p ≤ 

0.01) (Fig. 3). 

Quantitative results of Col X protein 

production showed that the production of this 

protein in the PSE group was significantly 

increased compared to the ASU and control 

groups (p ≤ 0.05). This decrease was about 1.5 

times compared to ASU and control groups 

(Fig. 4). 

 

 

     

Fig. 1. Morphology of hADSCs at different passages: (A) First passage and (B) Third passage. 
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Fig. 2. Survival rates of differentiated cells in control, unsaponifiable soybean/ avocado (ASU), and 

Pomegranate seed extract (PSE) groups, with comparative analysis. 
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Fig. 3. Expression of Col II protein in control, unsaponifiable soybean/ avocado (ASU), and Pomegranate seed 

extract (PSE) groups, with comparative analysis. β-Actin was used as an internal control.  

 

    

Fig. 4. Expression of Col X protein in control, unsaponifiable soybean/ avocado (ASU), and Pomegranate seed 

extract (PSE) groups, with comparative analysis. β-actin was used as an internal control.  

 

Discussion 

Subcutaneous adipose tissue can be used as a 

source of stem cells quickly, without invasive 

methods, and with a small amount of it, many 

stem cells can be obtained [27]. Therefore, this 

study used subcutaneous fat tissue to achieve 

hADSCs. Fibrin scaffold is a type of natural 

scaffold made from blood. The fibrin scaffold 

allows migration, reproduction, the transfer of 

food, the transmission of molecular messages, 

and the excretion of metabolic substances [10, 

28]. Fibrin is compatible with the immune 

system, is non-toxic, and does not cause 

reactions such as necrosis and fibrosis in the 

body [29]. In 2008, Yang et al. compared the 

proliferation, survival, and apoptosis of 

vertebral disc cells in fibrin and alginate 

scaffolds were lower in fibrin scaffolds than in 

alginate scaffolds [30]. Similar to the previous 

study, Girandon et al. examined the 

proliferation and survival rate of fat-derived 

stem cells in both fibrin and alginate scaffolds 

and found that the proliferation and survival 

rates of these cells were higher in fibrin 

scaffolds than in alginate scaffolds; Also, the 

rate of apoptosis in this scaffold was less than 

that of alginate scaffold [31]. Therefore, due to 

its suitable properties, fibrin was used as a 

scaffold in the present study. 

One of the factors affecting chondrogenesis is 

TGF-βs, which, due to its high cost and low 

half-life and the development of chondrocytes 

towards hypertrophy [13, 32], is necessary to 

achieve a new and suitable composition to 

replace it. Therefore, In the present study, we 
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examined the effect of two ASU and PSE 

compounds on ADSC's chondrogenesis in 

fibrin scaffold. ASU contains avocado and 

soybean extract, which stimulates the 

expression of Col ІІ and cartilaginous 

aggrecans and inhibits IL-1β [9]. These 

polyphenol compounds have antioxidant and 

anti-inflammatory properties [19, 20]. 

The present study evaluated stem cells 

implanted in fibrin scaffold after 14 days for 

proliferation and cell survival. The results 

showed that PSE and ASU significantly 

reduced survival in both groups compared with 

the control group. However, there was no 

significant difference between the PSE and 

ASU groups. In the induction of 

differentiation, proliferation in stem cells 

usually decreases, and the expression of genes 

specific to differentiated cells begins. 

Therefore, since no inducer factors were in the 

control group, cell proliferation significantly 

increased compared to the PSE and ASU 

groups affected by the Inducer factors. As in 

our previous study, we evaluated the effect of 

ASU and icariin on inducing chondrogenesis 

in hADSCs in a poly(lactic-co-glycolic) acid 

/fibrin hybrid scaffold. The results showed a 

significant reduction in cell proliferation and 

survival in the groups treated with ASU, 

icariin, and TGF-β3 compared to the control 

group. Although the study scaffold was 

poly(lactic-co-glycolic) acid /fibrin, the results 

of the MTT method were similar to the present 

study [9].  

In this study, using semi-quantitative analysis 

of Image J software, the expression of Col II 

and X genes in hADSCs in the fibrin scaffold 

was investigated, and it was shown that the 

expression of Col II protein in the ASU group 

was higher than the PSE group, and the effect 

of ASU as a chondrogenic stimulant was more 

significant than the effect of PSE. The 

expression level of Col II protein in the ASU 

group was approximately 1.5 times that of the 

PSE group, according to the present study by 

Lippiello et al. In 2008, in vitro examined the 

effect of ASU on bovine cartilage 

chondrocytes and stated that ASU causes the 

production of Col ІІ protein [18]. 

PSE prevents cartilage cell damage and 

changes in matrix proteoglycans in 

osteoarthritis joints. PSE inhibits 

proinflammatory cytokines and MAPK, which 

MAPK phosphorylates certain transcription 

factors and activates MMP [33]. Hadipour-

Jahromy et al. Injected monoid acetate into the 

tibiofemoral joint of mice to evaluate the 

effect of PSE on osteoarthritis joints, they 

reported that PSE caused less damage to the 

cartilage structure and also inhibited MMP and 

preserved knee proteoglycans and protected 

knee cartilage [34]. 

Col X is a well-known osteogenic marker 

associated with hypertrophic chondrocytes. In 

their study, Ismaili et al. explored the impact 

of piasclidine on Col X gene expression during 

the chondrogenic differentiation of hADSCs 

cultured in fibrin scaffolds. We examined the 

effect of ASU on Western blotting on Col X 

protein expression, but Ismaili examined the 

effect of ASU on Col X gene expression using 

real-time polymerase chain reaction. In the 

Ismaili study, the Col X gene was expressed 

more in the TGF-β group than in the ASU 
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group, and in our study, the Col X protein was 

expressed more in the PSE group than in the 

ASU group [16]. 

Conclusion 

According to the results, ASU and PSE are 

two important factors in the induction of 

chondrogenesis in hADSCs in fibrin scaffold 

because they increase the primary and specific 

markers for transparent cartilage. ASU's 

impact on chondrogenesis of hADSCs in fibrin 

scaffold is more significant than that of PSE. 
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