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Abstract: To investigate the probable effects of mummy
on chondrocyte proliferation and expression of cartilage
specific gene. Chondrocytes at the second passage were
plated at density of 1x10° in monolayer or seeded onto
PCL scaffolds. Cells in both conditions were divided into
control (received medium) or treated with mummy at
concentrations of 500 or 1000 pg mL~" for 72 h. The gene
expression profile of collagen II, aggrecan, Cartilage
Oligomeric Matrix Protein (COMP) and Sox-9 was
evaluated using real-time RT-PCR. The ability of mummy
to enhance the proliferation of chondrocytes was further
evaluated using doubling time. Treatment of chondrocytes
with 1000 pg mL™" of mummy resulted in a significant
increase in expression of Sox-9, COMP and aggrecan
genes in both monolayer and 3D culture conditions.
Compared to the monolayer cultivated cells, expression of
genes in seeded chondrocytes on PCL scaffolds was
significantly higher. The highest proliferation rate of
chondrocytes was found at a concentration of
1000 pg mL™". The preliminary findings of this study
revealed that mummy can be a promoting factor for
chondrocyte proliferation and ECM synthesis. The use of
mummy at 1000 ug mL™" may be a suitable dose for
cartilage tissue engineering.

INTRODUCTION

The rising prevalence of age-related diseases such as
musculoskeletal system disorders seriously influences the
health of millions of people worldwide. Among them,
Osteoarthritis (OA) is the most common form of
rheumatic disorders characterized by the progressive
deterioration of the Cartilage Extracellular Matrix (ECM).
It is a major cause of pain and disability in middle-aged
and older people and a huge economic burden for
healthcare systems around the world!',
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This multifactorial degenerative joint disease has
unknown etiology!™. Different risk factors are involved in
the progression of OA such as genetic predisposition,
gender, trauma, aging, obesity and previous incidence of
Rheumatoid Arthritis (RA). Among these, advancing age
is known as the major factor'"*!. At the molecular level,
OA is characterized as an imbalance between ECM
components synthesis and degradation which is
controlled by chondrocytes in normal conditions®™ & 2,
Pro-Inflammatory cytokines such as interleukin (IL-18)
and Tumor Necrosis Factor-alpha (TNF-a) have a crucial
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role in articular cartilage destruction due to induction of
cartilage degrading enzymes release such as Matrix
Metalloproteinases (MMPs)[ 2,

Current therapeutic methods for OA include oral or
topical administration of Nonsteroidal Anti-Inflammatory
Drugs (NSAIDs), steroids and opioids and also surgical
procedures such as marrow stimulating techniques,
mosaicplasty, microfracture and total joint arthroplasty®!.
These therapies are only palliative and surgical methods
usually result in formation of fibrocartilage tissue with
abnormal biochemical composition™.

Recently, there is a growing interest in the application
of chondrocyte transplantation to restore damaged
cartilage. As dedifferentiation of chondrocytes occurs in
the culture conditions used leading to the formation of
low quality newly formed tissue, advances in tissue
engineering have introduced 3-D scaffolds where seeded
chondrocytes can maintain their differentiated
phenotypel”. Another factor with potency for promotion
of chondrogenesis and maintenance of chondrocyte
phenotype is the use of a growth factor’®. Different
investigations have highlighted to the crucial function of
growth factors in cartilage repair and production of ECM
by chondrocytes in in vitro and in vivo conditions™.
However, application of these factors has its limitations
such as high cost, short half-life and fast degradation”’
which encourages researchers to find and identify other
enhancers with lower cost and prolonged activity. To
address these issues, there is currently a great interest in
using traditional medicine due to lower adverse effects,
feasible access and its acceptance by a great number of
people, especially, in developing countries!'"!.

Several herbal compounds and nutraceuticals have
been investigated as alternatives in the treatment of
OA!", In Iranian traditional medicine, mummy or sweat
mountain which is named mumnaye by local people is
used routinely for treatment of bone fractures, joint
inflammation, peptic ulcer and wound healing!*!. This
pitch-like and semi-solid material which is dark brown to
black in colour is obtained due to oil oxidation in cracks
and fractures of the floors in some caves. Chemical
analysis indicated the presence of hydrocarbons,
calcium, phosphate, carbonate, magnesium, sulfur,
oxygen, nitrogen and polysaccharides in mummy!" 3!,
The advantageous effects of this material have been
mentioned by Bu-Ali Sina (Avecina) in his Canon (Law)
book. Due to its unknown effects in the past few years,
some Iranian researchers investigated the effect of this
material in different disorders such as fractures!'!, peptic
ulcer!™ and wound healing. Taking into account claims of
indigenous people and Persian traditional medicine
advice, the present study was designed to investigate
whether mummy material can promote chondrocyte
proliferation and expression of cartilage specific genes
such as Sox-9, COMP, aggrecan and collagen II in a
3-Dimensional culture condition.
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MATERIALS AND METHODS

Cartilage samples: Chondrocytes were isolated from
human articular cartilage of middle-aged patients
(50-76 years) undergoing total knee or hip replacement
surgery. Cartilage was harvested from non-lesional areas.
Immediately after the operations, the cartilage fragments
were put in sterile conical tubes containing Phosphate
Buffered Saline (PBS) supplemented with 1%
Penicillin/Streptomycin (P/S) and conveyed from the
hospital to the cell culture lab. All patients gave written
informed consent and the institutional review board and
medical ethics committee of Tabriz University of Medical
Sciences approved the study protocol.

Chondrocyte isolation and expansion: Upon receipt,
cartilage samples were washed three times using PBS
containing 1% P/S. Then, samples were sliced into
1-2 mm thick pieces and washed extensively in PBS with
1% P/S to ensure sterility of the specimens prior to
enzymatic digestion. In the next step, samples were
digested initially with 1% pronase for 2 h at 37°C and
subsequently with 0.2% (v/v) collagenase type II for 4 h
at 37°C. After digestion, the collagenase was neutralized
by adding 10% Fetal Bovine Serum (FBS) containing
Dulbecco’s Modified Eagle’s Medium (DMEM). The cell
suspension was then passed through a nylon filter mesh
(70 um) to separate the chondrocytes from undigested
particles. The filtered cell suspension was centrifuged
at 1500 g for 5 min at 4°C. The obtained cell pellet was
washed three times in PBS or serum free medium. The
cell viability was determined by trypan blue dye exclusion
test. Chondrocytes were plated at 1x10° cells per T75
flask and incubated at 37°C/5%CO,. The first medium
change was performed after 24 h and following medium
changes three times per week. Upon reaching 70%
confluency, chondrocytes were passaged using
trypsin/EDTA.

Preparation and anlaysis of mummy: The mummy
material was purchased from the local market in
Kermanshah, Iran and its quality was approved by a
botanist. Because of the water-solubility of mummy, it
was dissolved in DMEM without the addition of any other
solvent. As this material has not been tested on cells in
vitro previously, the effective concentration was obtained
using the MTT assay. To understand the chemical
ingredients in mummy, Gas-Chromatography-Mass
Spectrometery (GC-MS) technique was performed.

MTT assay: This test is based on the ability of
mitochondria of viable cells to convert soluble MTT
(3-(4.5-dimethyl-2-thiazole)-2.5-diphenyl-2-yl-tetrazoli
um bromide) into an insoluble purple formazan reaction
product!"*. Chondrocytes at third passage were seeded
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onto 96-well plates at a concentration of 2,000 cells per
well suspended in DMEM containing 10% FBS and
incubated for 24 h. The cells were incubated in serum-free
medium as a control or treated with various
concentrations (100-2000 pg mL™") of mummy for 24, 48
and 72 h. Then, 20 pL of 10% MTT reagent solution
(5 mg mL ™) diluted in PBS was added to each well. The
cultures were immediately incubated for 4 h at 37°C and
protected from light until the presence of the violet
formazan crystals was observed. This is due to action of
succinate-tetrazolium reductase belonging to
mitochondrial respiratory chain.

For formazan crystals solubilization, the MTT
solution was removed and 100 uL of Dimethyl Sulfoxide
(DMSO) was added to each well. The absorbance of the
purple colored dissolved crystals was measured at a
wavelength of 570 nm using an ELISA-reader (Tecan,
CH-8708, Australia). All experiments were performed in
triplicate.

Proliferation rate assay: To quantify and compare the
expansion rate of the cells, chondrocytes were cultivated
in monolayer culture at a concentration of 50,000
cells/well in 6-well culture dishes suspended in DMEM
supplemented with 10% FBS and 1% P/S and incubated
for 24 h. Thereafter, for evaluation of Mummy effects on
chondrocyte proliferation rate, cells were treated with
control and different Mummy concentrations for 72 h. At
the end of cultivation period, cell population Doubling
Time (DT) was determined for the cultures using
DT = culture Time/Population Doubling Number (PDN).
PDN was calculated as the Log NI/N0%3.31 where NO is
the number of seeded cells and N1 the number of
harvested cells.

Cell seeding on scaffold: Prior to use, PCL scaffolds
were cut into pieces using a 4 mm biopsy punch and then
sterilized by Ultraviolet (UV) irradiation. The PCL pieces
were pre-wetted in DMEM for 12 h and then placed in
12-well culture plates. Second passage chondrocytes,
detached by trypsin/EDTA and condensed to a density of
5%105/100 pL. were dropped on the PCL scaffolds to
allow penetration of the cells. The cell/scaffold constructs
were then incubated in 2 mL of DMEM containing 10%
FBS for 24 h. After this period, cells in the control
group received DMEM containing 0.05% FBS and
Mummy-treated groups received Mummy dissolved in
DMEM at concentrations of 500 or 1000 ug mL~"' for
72 h. After that, samples were prepared for evaluation of
gene expression.

Real-time reverse transcription polymerase chain
reaction (RT-PCR): The gene expression profile of type
IT collagen, Sox-9, aggrecan and cartilage oligomeric

Table 1: Primer sequences used in Real Time RT-PCR and related
annealing temperature

Annealing

Genes Primers temperature
Sox9-F AGAGAGGACCAACCAGAATTC 57°Cfor30(sec)
Sox9-R TGGGTAATGCGCTTGGATAG 57°Cfor30 (sec)
Coll2-F GGCAATAGCAGGTTCACGTACA  59°Cfor30(sec)
Coll2-R  CGATAACAGTCTTGCCCCACTT 59°Cfor30 (sec)
Comp-F  TGCAATGACACCATCCCAG 56°C for 30 (sec)
Comp-R  ACACACACTTTATTTTGTCCTCTC 56°C for30 (sec)
ACAN-F  CAACTACCCGGCCATCC 56°C for 30 (sec)
ACAN-R  GATGGCTCTGTAATGGAACAC 56°C for 30 (sec)
Bactin-F  TCCTCCCTG GAG AAG AGC TA 58°C for 45 (sec)
Bactin-R _ TCA GGAGGA GCA ATG ATC TTG __ 58°C for 45 (sec)

Matrix Protein (COMP) of seeded chondrocytes on PCL
scaffolds in both groups was analyzed using Real-time
RT-PCR. The cell/scaffold constructs were ground in
liquid nitrogen to powder. Total cellular RNA was
extracted using RNX-PLUS reagent (Yekta Tajhiz kit).
According to the manufacturer’s protocol, chloroform was
added to the samples placed on the ice and then
centrifuged at 12,000 rpm for 15 min. Then, isopropanol
was added and samples were incubated at -20°C. After
centrifugation, supernatant was discarded and 75%
ethanol was added. Subsequently, samples were
centrifuged at 7,500 rpm for 8 min and the pellet
obtained was dissolved in DEPC-treated water. About
1000 ng mL™" of total RNA was applied for cDNA
synthesis using reverse transcription kit (Takara, RR0371,
Japan). Real-time RT-PCR reactions were performed
using a Corbett system (010755, Australia) with a SYBR
Green master mix (Takara, RR820L, Japan). Different
time and annealing temperatures for each gene are
summarized in Table 1. The primer sequences are listed
also in Table 1. The gene expression levels of
chondrocytes in both treated and control groups were
analyzed using the Pfaffl formula and B-actin used as
internal control. All experiments were performed in
triplicate.

Statistical analysis: Real-time RT-PCR data was
analyzed with Graphpad software (Version 6). The results
were reported as meantstandard deviation. Statistical
difference between groups was determined by one-way
ANOVA and Bonferroni post test. p<0.05 was set as
significant difference.

RESULTS AND DISCUSSION

Determination of effective mummy concentration:
The effective concentration of mummy material on
chondrocytes was assessed via. the MTT technique.
Different concentrations of mummy (200, 500, 1000 and
2000 pg mL™") were prepared by dissolving the material
in DMEM culture medium. Figure 1 reveals the viability
of chondrocytes treated with the different concentrations.
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The highest chondrocyte proliferation was found
using 1000 pg mL™" at 24, 48 and 72 h. Treatment with
mummy at 500 pg mL™' also resulted in similar
proliferation rates, so, we evaluated the effects of
mummy on chondrocytes at concentrations of 500 and
1000 pg mL™" for 72 h. Chondrocyte stimulation with
higher dosages (2000 pg mL™") resulted in cell toxicity
and death.

Chemical analysis of mummy: It has been described
previously by Dehghan and Faradonbeh™! that mummy
contains of different ingredients as calcium ions,
phosphate, carbonate, magnesium, nitrogen and also
polysaccharides. To understand the other probable
chemical components in this material, the GC-MS
analysis technique was performed. As it can be
understood from Fig. 2, no target compound was found in
this material using GC-MS analysis. Unidentified peaks
seen in this graph can be interpreted as impurities in
solvent or noise of instruments.

T = Control
200 (ug)
B 500 (1g)
o 1000 (ug)

5 1 B2000 (ug)

Vaiability

24h 48 h 72h

Consentration (ug mL ™) and time points

Fig. 1: Effects of different concentrations of mummy on
chondrocyte proliferation and viability using the

Doubling time: To evaluate the probable effect of
mummy material on chondrocyte proliferation, doubling
time determined. As can be seen in Fig. 3, treatment of
chondrocytes with 500 and 100 pg mL~™" of Mummy
resulted in increased proliferation compared to the control
group (p<0.00001).

Effect of mummy material on chondrocyte gene
expression: The effects of Mummy on cartilage ECM
synthesis were evaluated through expression of collagen
type II, aggrecan (ACAN), COMP and Sox-9 genes in
both monolayer and 3D cultivated chondrocytes. As seen
in Fig. 4a, the expression levels of COMP, Sox-9 and
ACAN did not significantly increase in the presence of
mummy at concentration of 500 pg mL™" in monolayer
chondrocytes. However, expression of collagen type II
increased markedly compared to the chondrocytes in the
control group (p<0.00001). Figure 4a, also shows that in
the presence of mummy at 1000 ug mL ™", the expression
of COMP, Sox-9 and ACAN increased significantly in
comparison to the control group but that of collagen type
II did not.

In this study, we further evaluated the effects of
mummy on the gene expression profile of chondrocytes
seeded on the PCL scaffold. As seen in Fig. 4a,
treatment of chondrocytes in 3D scaffolds with mummy
(500 pg mL™") did not increase expression of Sox-9,
coll-2 and ACAN genes but COMP gene expression was
increased significantly (p<<0.01) compared to the control
cells. Treatment with mummy at 1000 pg mL~" markedly
increased levels of COMP, Sox-9 and ACAN but that of
collagen II did not increase significantly. Compared to the
monolayer cultured chondrocytes, the expression of
COMP, Sox-9 and aggrecan genes was considerably
higher in cells transferred to the 3D PCL scaffolds at the
dosage of 1000 pg mL™" of mummy but expression of
collagen type II did not increase significantly (Fig. 4c).

MTT assay technique Expression of genes, except of collagen II, in the
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Fig. 2: Analysis of mummy ingredients by GC-MS technique. Irrelevant peaks can be related to impurities in applied
solvent. No target compound found in mummy by this technique
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presence of 500 pg mL ™" of mummy was not different in
monolayer chondrocytes when compared with 3D
conditions.

In this study, we examined whether mummy material
is able to accelerate the proliferation of chondrocytes and
promote cartilage specific gene expression. This study
resulted in the following results. Treatment of
chondrocytes with mummy increased their proliferation
rate, mummy at a concentration of 1000 pg mL™
significantly promoted the expression of collagen II,
ACAN, COMP and Sox-9 genes in chondrocytes
cultivated in both monolayer and 3D conditions and 3 the
gene expression profile by chondrocytes seeded on PCL
scaffolds was significantly higher compared to that in the
monolayer cultivated cells.
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Fig. 3: Effect of mummy on the proliferation rate of
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OA is the most common type of arthritis with
unknown etiology that occurs due to an imbalance
between synthesis and degradation of cartilage ECM
and chondrocyte apoptosist?. Despite efforts in finding
a safe and effective therapeutic method, current
approaches are mostly palliative and cannot restore or
maintain the original cartilage structure and function™.
Thus, herbal medicines and nutraceuticals with less side
effects and more potency are of growing interest to
scientists and physicians. Our study revealed for the first
time evidence that mummy has positive effects on
cartilage metabolism. It has been shown that mummy
significantly enhances chondrocyte proliferation and gene
expression of collagen II, Sox-9, aggrecan and COMP. In
Persian traditional medicine mummy has been advised for
joint inflammation, bone fracture, wound healing and
other related disorders for hundreds of years. Some
pharmacological effects of this material such as
anti-bacterial and anti-inflammatory enhancing collagen
production at wound sites promoting healing of bone
fractures!'!! and protecting the gastric mucosa against the
ethanol-induced ulcer" have been reported previously.
The long history of mummy and its acceptance for safe
use in Iran and some other Asian and African countries!'!
make it attractive for the evaluation of the effects of the
material on chondrocytes.

In this study, we found that the addition of
mummy to chondrocytes at concentrations ranging
from 200-1000 pg mL~"' could promote their proliferation
and the maximal concentration of this material with
low cytotoxicity toward chondrocytes was achieved at
1000 ug mL™". It has been described previously that
regeneration of damaged articular cartilage is dependent
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Fig. 4(a-c): Cartilage-specific gene expression analysis of mummy-treated chondrocytes cultured, (a) Monolayer, (b)
3D conditions and (c) Comparison between monolayer cultivated chondrocytes and cells seeded on 3D
scaffolds. *p<0.01, ***p<0.0001 and ****p<(0.00001
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on chondrocyte proliferation which occurs at limited
levels in osteoarthritic cartilage!'™. Hence, for restoration
of impaired cartilage using tissue engineering in vitro
expansion of chondrocytes is necessary. The results of our
study suggest that mummy can be used as a factor to
promote cell growth for engineered cartilage.

In this study, we also found that the expression of
cartilage-specific genes including collagen type II,
Aggrecan, COMP and Sox-9 was increased in
chondrocytes treated with mummy in both monolayer and
seeded on a scaffold. The Sox-9 gene has a crucial role
during early chondrogenesis through mesenchymal cell
commitment but also promotion of aggrecan and collagen
II synthesis by mature chondrocytes™, for this reason,
Sox-9 up-regulation is fundamental for cartilage
formation. We found in this investigation that the
expression of Sox-9 gene can be accelerated in
mummy-treated chondrocytes cultured in both 2 and 3D
environments. The upregulation of Sox-9 by mummy may
also underping the increased expression of ECM
components genes including collagen II, aggrecan and
COMP.

The Extracellular Matrix in Cartilage (ECM) is
predominantly composed of collagen type II, aggrecan
and also COMP. Cartilage ECM entraps the chondrocytes
and its composition is critical for the survival of these
cells". The ECM also modulates the homeostasis of
cartilage and regenerates the damaged tissue by
controlling the proliferation, adhesion and migration of
chondrocytes!'”).

In this study, we found that treatment of
chondrocytes with mummy led to the upregulation of type
II collagen, aggrecan and COMP. Collagen II is the major
matrix protein in hyaline cartilage!"® and together with
other fibrils forms a highly elaborated network which is
necessary for the appropriate function of this tissuel'.
Aggrecan is a type of proteoglycan that is capable of
binding to hyaluronic acid and is crucial for the
maintenance of the elastic feature of cartilage matrix® '),
Another structural element of the ECM with limited
restoration capacity is Cartilage Oligomeric Protein
(COMP) which is important for the integration of the
cartilage tissue under stress conditions®”’.. Degradation of
above mentioned elements in the ECM of articular
cartilage leads to degeneration of the structure and
function of this tissue which is mostly irreversible because
of the limited proliferative capacity of chondrocytes®"l. In
this study, to critically assess the effect of mummy on
chondrocytes, we also transferred the chondrocytes on to
the PCL scaffolds and then treated them using mummy at
dosages of 500 and 1000 pg mL™". We demonstrated that
Mummy treatment of chondrocytes cultured in 3D
conditions (on PCL scaffolds) resulted in significantly
higher expression of genes compared to that seen in
monolayer cultured cells. Due to loss of the specific round
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phenotype of chondrocytes in monolayer conditions, it
has been accepted widely that successful cell-based
therapeutic methods for repair of articular cartilage
lesions are dependent on the application of biodegradable
and biocompatible scaffolds to mimic the natural hyaline
cartilage 3D environment?* 2%,

In this study, we demonstrated that mummy can
enhance gene expression of collagen II, aggrecan and
COMP, so may be of relevance to efforts to prevent
cartilage matrix degradation. Further extensive
investigations are necessary to find the mechanisms
underlying these effects of mummy material in
chondrocytes.

CONCLUSION

In summary, the results of our study indicate that use
of mummy can increase the proliferation of chondrocytes
and up-regulate the expression of cartilage-specific genes.
So, mummy may be introduced as a potent useful
compound for cartilage tissue engineering.
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