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ABSTRACT

Palmvitee may act as a beneficial supplement to cartilage tissue engineering which is currently
still has certain limitation on chondrocyte expansion and dedifferentiation. Our objectives in this
study were to evaluate the effects of Palmvitee on the growth kinetic and phenotype gene
expression of human nasal septal chondrocytes in monolayer expansion as well as cartilage
reconstruction via tissue engineering technology. Human chondrocytes were cultured in
mediums containing various Palmvitee concentrations. Among the different test groups, the
medium containing Palmvitee at 3 pg/ml supported the highest chondrocyte growth rate. The
gene expression in monolayer chondrocytes culture supplemented with 3 pg/ml Palmvitee
demonstrated similar results as in control. Cultured chondrocytes from the medium added with 3
pg/ml Palmvitee were then mixed with Pluronic F127 for cartilage reconstruction in nude mice
model. Palmvitee supplementation supported the engineered cartilage development as shown in
the histological and gene expression analysis on engineered tissue after 8 weeks of implantation.
Therefore, Palmvitee at 3 pg/ml is beneficial for the human nasal septal chondrocytes
monolayer expansion and cartilage engineering.
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1. INTRODUCTION

Vitamin E is a group of lipid-soluble, potent chain breaking antioxidant. The molecules can be
subgrouped into tocopherols and tocotrienols [1, 2, 21, 23, 24, 27]. Tocopherols are commonly
found in a wide variety of food such as nuts and common vegetable oils; whereas tocotrienols
are relatively rare and can be found only in a few specific vegetable oils such as palm oil [3, 4,
20]. Tocopherols and tocotrienols are both potent antioxidants. However, the antitumor activity
is not depending on their antioxidant activity. Majority of studies have shown that tocotrienols
provide greater antitumor activity compared to tocopherols [4, 5, 6, 21, 22, 25 - 27]. Previous
studies showed that these compounds inhibit growth and tumor development by modulating
multiple intracellular signaling pathways, including inhibiting protein kinase C, adenylate
cyclase and cyclic AMP - dependent protein activation that involves in mitogenesis and
apoptosis [4, 5, 27]. Tocotrienols and tocopherols also have antioxidant activity that reacts on
reactive oxygen species that is known as free radicals [6 - 9, 27]. Their chain breaking
properties neutralize peroxyl and alkoxyl radicals generated during lipid peroxidation.
Membrane lipid peroxidation is known to modify and inactivate cellular components, which can
cause damaging effects on crucial cellular factors leading to cell damages.

Tissue engineering is a new field with a vision to re-engineer and to reconstruct biological
substitute that can replace the loss of tissues or organs through trauma or diseases. Engineered
organs or tissues need to be functional physiologically as the original organ or tissues [10].
Tissue engineering has given hope to millions of people who are waiting for cartilage
replacement for repairing the defect tissues of the nose, ear, trachea and joints [11, 12].
Chondrocytes are cells that produce the extra cellular matrix for cartilage, especially collagen
type 1I that acts as the important building block of cartilage. Human nasal septal cartilage is a
good candidate as a starting material for cartilage tissue engineering since it is high in cell
density and provides chondrocytes with excellent proliferation capacity. Furthermore, it can be
isolated from a broad range of human age [13, 14]. However, this approach is currently limited
by the generation of dedifferentiated cultured chondrocytes in in vitro monolayer system. The in
vitro culture is very important in increasing the number of the cells harvest from the sample
since there is only small number of cells that can be obtained. Increasing the cell numbers is
very crucial since millions of cells are needed for the tissues or organs reconstruction processes.
Previous studies have shown growth factors; for instance, fibroblast growth factors (bFGF) can
increase the number of chondrocytes in the monolayer culture [15, 16]. However, cultured
chondrocytes produce lower cell viability, decreasing growth rate and increasing doubling time
with increasing number of passages. The dedifferentiated cultured chondrocytes were not able to
maintain the expression of type II collagen in long term in vitro monolayer culture system'” '®.
No study has been done to determine the effects of Palmvitee on human chondrocytes
monolayer culture and cartilage tissue engineering. In this study, our objectives were to evaluate
the effects of Palmvitee on the growth kinetic and phenotype gene expression of human nasal
septal chondrocytes in monolayer expansion as well as the cartilage reconstruction via tissue
engineering technology.

2. MATERIALS AND METHODS

2.1 Human nasal septal harvest
Nasal septal cartilages were obtained from 6 consented patients after elective septoplasty. These

specimens would usually be discarded and their uses in this study have been approved by the
Research and Ethical Committee of Medical Faculty, Universiti Kebangsaan Malaysia,
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Malaysia. Removed cartilage was placed in sterile normal saline at 4°C and transported to the
Tissue Engineering Laboratory, Hospital Universiti Kebangsaan Malaysia.

2.2 Nasal septal chondrocyte isolation

Each cartilage was stripped from their perichondrium, minced into small pieces (1 mm?),
washed with phosphate buffer saline (PBS; pH 7.2; Gibco, Grand Island, NY) containing 100
U/mL of penicillin, 100 pg/mL of streptomycin and 0.25 pg/mL of amphotericin B (Gibco,
Grand Island, NY) and digested with 0.6% collagenase Il (Gibco, Grand Island, NY) in an
orbital incubator (Stuart Scientific, Redhill, UK) at 37°C for 12 hours. Isolated chondrocyte
suspensions were then centrifuged (37°C) at 6,000 rpm for 5 minutes. The resulting cell pellet
was washed twice with PBS to remove remaining digestive enzyme. After the final
centrifugation, the cell pellet was re-suspended in PBS for total the cell count with
hemocytometer (Weber Scientific International Ltd. Middlx, England) and cell viability was
determined using trypan blue dye via cell exclusion test (Gibco, Grand Island, NY).

2.3 Chondrocytes in vitro culture

Freshly isolated chondrocytes with 10,000 cells/cm” density were then seeded in a 6-well tissue
culture plate (Falcon, Franklin Lakes, NJ) as the primary culture (PO) in medium consisting of
equal volume of Ham’s F12 medium and Dulbecco’s Modified Eagle Medium (F12:DMEM,;
Gibco). The medium was nourished with 10% fetal bovine serum (FBS; Gibco, Grand Island,
NY), 200 mM L-glutamine (Gibco, Grand Island, NY), 100 U/mL of penicillin (Gibco, Grand
Island, NY), 100 pg/mL of streptomycin (Gibco, Grand Island, NY), 0.25 pg/mL of
amphotericin B (Gibco, Grand Island, NY) and 50 pg/mL of ascorbic acid (Sigma, St. Louis.
MO). The medium was further supplemented with Palmvitee [Malaysia Palm Oil Board
(MPOB)] at various concentration; Oug/ml (control), 3 ug/ml, 6 pg/ml, 10.5 pg/ml and 15
pg/ml. All cultures were maintained in 5% CO, incubator (Jouan, Duguay Trouin, SH) at 37°C
with the culture medium changed twice a week. When the primary culture (P0O) reached
confluence, it was trypsinized with 0.05% trypsin-EDTA (Gibco, Grand Island, NY). The
harvested cultured chondrocytes were washed three times in PBS (Gibco, Grand Island, NY).
The resulted cell pellet was then re-suspended in 10 mL of PBS for total cell count with
hemocytometer (Weber Scientific International Ltd.) and cell viability was determined by
trypan blue dye exclusion test. Cultured chondrocytes were then sub-cultured twice (P1 and P2)
into a new well of 6-well tissue culture plate (Falcon) with the same type of medium and culture
environment. The total cell number and the cell viability were recorded at every passage.

2.4 Chondrocytes monolayer culture characterization

Cell morphological features in the culture were examined everyday by using an inverted light
microscope (Olympus, Shinjuku-ku, Tokyo). Viability of cultured chondrocytes in each
Palmvitee concentration at every passage (PO, P1 and P2) was calculated as percentage of living
chondrocyte cells from each cell culture at each passage. Growth rate of cultured chondrocytes
in each Palmvitee concentration at every passage (PO, P1 and P2) was calculated as average
increase of chondrocyte number in one day/cm”.

2.5 Total RNA extraction

Total RNA from primary culture (PO) and each passage (Pl and P2) were extracted for
phenotype gene expression analysis. Total RNA was extracted using TRI Reagent (Molecular
Research Center, Cincinnati, OH) according to the manufacturer’s instruction. Polyacryl Carrier
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[17, 18] (Molecular Research Center, USA) was added in each extraction to precipitate the total
RNA. RNA pellet was then washed with 75% ethanol and air-dried before dissolved in RNase
and DNase free distilled water (Invitrogen, Carlsbad, CA). The yield and purity of the isolated
RNA were determined by spectrophotometer (Bio-Rad, Hercules, CA). Total RNA were stored
at -80°C immediately after extraction.

2.6 One step reverse transcriptase-polymerase chain reaction (RT-PCR)

Chondrocyte phenotype expression of type I and type II collagen genes were evaluated by one
step reverse transcriptase-polymerase chain reaction (One Step RT-PCR; Invitrogen, Carlsbad,
CA). Human B-actin gene expression was used as control. The specific sense and antisense
primers used for the reaction were designed from listed NIH GenBank database and had the
following sequences: type I collagen, 5~ AGGCTTCCAAGGTCCCCCTGGTG-3’ and 5’-
AGCACCAGTAGCACCATCATTTC-3’;

type II collagen, 5’-CTGGCAAAGATGGTGAGACAGGTG-3’ and 5’-GACCA- TCAGTGC
CAGGAGTGC-3’; B-actin, 5’-CCGGCTTCGCGGGCGACG-3* and 5'-TCCCGGCC
AGCCAGGTCC-3'. One Step RT-PCR reaction mix was prepared according to the
manufacturer’s instruction. Each reaction consisted of 100 ng total RNA and 10 pmol of each
sense and antisense primers. One step RT-PCR was performed in a 9700 thermal cycler (Perkin
Elmer, Norwalk, CT) with reaction profile of; cDNA synthesis for 30 min at 50°C; pre-
denaturation for 2 min at 94°C; PCR amplification for 38 cycles with 30 sec at 94°C, 30 sec at
60°C and 1 min at 72°C. This series of cycles was followed by a final extension of 72°C for 2
min. The PCR products were electrophoresed on a 1.5% agarose gel (Invitrogen, Carlsbad, CA)
stained with ethidium bromide (Sigma, St. Loius, MO) and visualized by using UV
transillumination (Vilber Lourmat, Marne La Vallee, France).

2.7 Large-scale chondrocyte culture for cartilage tissue engineering

Chondrocyte culture medium supplemented with 3 pg/ml of Palmvitee was used for large-scale
chondrocyte culture. Chondrocytes were plated in 175cm® culture flasks (Falcon, Franklin
Lakes, NJ) at a density of 10,000 cells/cm®. When the culture reached confluence, the
chondrocytes were trypsinized using 0.05% trypsin-EDTA (Gibco). The culture-expanded
chondrocytes were then suspended in a hydrogel; Pluronuic F127 for engineered cartilage
formation.

2.8 Cartilage tissue engineering

Cultured chondrocytes were suspended into a cold (4°C) 30% (wt/vol) co-polymer of
polyethylene oxide and polypropylene oxide, Pluronic F-127 (BASF, Mount Olive, NJ) solution
at a cell density of 3 x 107 cells/mL. The admixer was then injected subcutaneously at the dorsal
part of the 8-week old nude mice under general anesthesia (Ketamine, Xylazine and Zoletil).
The engineered tissues were harvested after 8 weeks of in vivo implantation. The nude mice
were then sacrificed and engineered tissues were harvested and carefully dissected from
surrounding soft tissue.

2.9 Engineered cartilage evaluation

After the engineered tissue was removed from the nude mice, it was divided equally into two.
One part was fixed in 10% phosphate-buffered formalin (Fisher Scientific, Fair Lawn, NJ),
embedded in a paraffin block and then sectioned for histological analysis. Slides sections were
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stained with hematoxylin & eosin (H&E staining) to evaluate cell morphology and tissue
organization whereas Safranin O staining was used to evaluate the cartilage proteoglycans
production. The other half of the excised tissue was digested with collagenase and total RNA
was extracted from the isolated cells using the above mentioned techniques. Phenotype gene
expression of the cells isolated from the engineered cartilage was evaluated by one-step RT-
PCR technique.

As a comparison, large scale culture expansion was also done by using the culture medium
without Palmvitee supplementation.

2.10 Statistical analysis

Data for chondrocyte viability and growth rate in each Palmvitee concentration at every passage
(PO, P1 and P2) were collected from all samples. Values were presented as mean + standard
error of mean (SEM). Student’s ¢ test was used to compare the data between groups and
differences at the 5% level were considered significant.

3. RESULTS

3.1 Morphological features of human nasal septal chondrocytes in monolayer culture

Fig. 1:  Morphological features of human nasal septal chondrocytes at primary culture (A &
B) and passage 2 (C & D). Chondrocytes were cultured in medium without Palmvitee
supplementation (A & C) and medium added with 3ug/ml Palmvitee (B & D).
Chondrocytes at primary culture appeared uniform in size with polygonal shape and
distributed as islet of growth (A & B). Chondrocytes at passage 2 were elongated in
shape. Palmvitee supplementation supported higher chondrocyte density at primary
culture and passage 2 (B & D). Magnification = 40X

Freshly isolated chondrocytes started to adhere onto the tissue culture plate on the second day of
primary culture. Cell multiplication started on the third day and became prominent after 1 week
of culture. Chondrocytes appeared uniform in size with polygonal shape and distributed as islet
of growth (Fig. 1). Chondrocytes cultured in medium supplemented with 3 pg/ml Palmvitee
exhibited higher chondrocyte density (Fig. 1B) compared to chondrocytes cultured in medium
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without Palmvitee supplementation (Fig. 1A). Chondrocytes at primary culture (P0) in all
experiment groups became confluent within 3 weeks and remained polygonal in shape. As the
cultured chondrocytes were passaged, the shape tends to become elongated; grew slower and the
cultures usually take longer time to reach confluence in all the experiment groups (Fig. 2).
Palmvitee supplementation at 3 pg/ml concentration (Fig. 2B) continued to support a higher
chondrocytes density compared to other groups at passage 2.

8000

@ Control W 3.0 ug/ml
6.0 ug/ml [310.5 ug/ml

B 15 ug/ml
*X*x

700~

Chondrocyte Growth rate
a
o
e

Y

i

%
.

P1

R
N

Passage

Fig. 2:  Growth rate (average increase in cell number per day/cm’) of human nasal septal
chondrocytes  cultured in medium supplemented with various Palmvitee
concentrations at primary culture (P0), passage 1 (P1) and passage 2 (P2). All values
were showed as mean = SEM (n = 6).

*Chondrocyte growth rate in medium added with 3 ug/ml Palmvitee was significant
higher than control (0 ug/ml), 6 ug/mli, 10.5 ug/ml and 15 ug/ml Palmvitee at primary
culture (P0), (p < 0.05).

**Chondrocyte growth rate in medium added with 3 ug/ml Palmvitee was significant
higher than 6ug/ml, 10.5 ug/ml and 15 ug/ml Palmvitee at passage 1 (P1), (p < 0.05).

***Chondrocyte growth rate in medium added with 3ug/ml Palmvitee was significant
higher than 10.5 ug/ml and 15 ug/ml Palmvitee at passage 2 (P2), (p < 0.05).

3.2 Chondrocyte growth Kinetics at multiple passages

Human nasal septal chondrocytes growth rate (average increase in cell number per day/cm?”) was
the highest in medium supplemented with 3pg/ml Palmvitee at primary culture (P0O), passage 1
(P1) and passage 2 (P2) compared to other experiment groups (Fig. 2). Chondrocytes cultured in
medium supplemented with 3pg/ml Palmvitee scored 6120 + 777 cells/day/cm? growth rates at
primary culture. This value was significantly higher than all the other experiment groups (p <
0.05; Fig. 2). Chondrocyte growth rate reduced to 3920 + 334 cells/day/cm® when the Palmvitee
concentration was increased to 6 pg/ml at primary culture (Fig. 2). Further increment in
Palmvitee concentration to 10.5 pg/ml and 15 pg/ml only caused minor decreases in
chondrocyte growth rate at primary culture (Fig. 2). Chondrocyte cultured in medium
supplemented with 3 pg/ml Palmvitee scored 4894 + 731 cells/day/cm? growth rate at passage 1
(P1). This value was only slightly higher than the control (0 pg/ml palmvitee), but was
significantly higher compared to the experiment groups supplemented with 6 pg/ml, 10.5 pg/ml
and 15 pg/ml Palmvitee at P1 (p < 0.05; Fig. 2). At passage 2, chondrocytes cultured in medium
supplemented with 3 pg/ml Palmvitee scored 4266 + 756 cells/day/cm® growth rate (Fig. 2).
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Chondrocyte growth rate in the medium added with 3 pg/ml Palmvitee was significantly higher
than the medium added with 10.5 pg/ml and 15 pg/ml Palmvitee at passage 2 (p < 0.05; Fig. 2).

Chondrocytes cultured in medium supplemented with various Palmvitee concentrations scored
cell viability ranging from 88% to 97% in multiple passages. By using the Students’s test, there
was no significant difference when these values between the groups were compared.

3.3 One step RT-PCR analysis

Freshly isolated human nasal septum chondrocytes only expressed type I collagen but not type
I collagen (Fig. 3). During monolayer expansion, cultured chondrocytes demonstrated similar
gene expression pattern regardless of the Palmvitee concentration supplemented into the
medium. At primary culture, the cultured chondrocytes from all experiment groups expressed
both type I and type II collagen gene at the same intensity (PO, Fig. 3). At passage 1, the
expression on the type II collagen was less intense (showed by a faint band in the gel photo)
compared to the expression of the type I collagen gene (P1, Fig. 3). The cultured chondrocytes
at passage 2 from all the different experiment groups showed a negative expression on type 11
collagen gene; however, the type I collagen gene was continually expressed (P2, Fig. 3).
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Fig. 3:  One step reverse transcriptase-polymerase chain reaction analysis on the expression
of type I and type Il collagen gene from freshly isolated chondrocytes (F) and
cultured chondrocytes at primary culture (PQ), passage 1 (PLl) and passage 2 (P2).
Chondrocytes cultured in medium without Palmvitee supplementation (N) and with
3ug/ml Palmvitee supplementation (V). Freshly isolated chondrocytes only expressed
type II collagen but not type I collagen (top gel photo). Cultured chondrocytes
expressed both type I and type I collagen at PO (top gel photo). At P1, expression of
type I collagen gene was reduced (middle gel photo) and cultured chondrocytes at
P2 showed negative expression of type Il collagen gene (lowest gel photo).
Expression of p-actin gene was acted as a control. Lane M: 100 bp DNA marker.
Lane C: p-actin gene fragment (495 bp). Lane I: Type I collagen gene fragment (396
bp). Lane II: Type II collagen gene fragment (294 bp).

3.4 Cartilage tissue engineering and evaluation
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Since the medium supplemented with 3 pg/ml Palmvitee demonstrated the best chondrocyte
growth rate, this medium was then used in large-scale chondrocytes culture for cartilage
reconstruction via tissue engineering technology. The medium without Palmvitee
supplementation was used as control for in vivo cartilage reformation.

Fig. 4: Histological evaluation on the native cartilage and reconstructed cartilages removed
from nude mice after 8 weeks of in vivo implantation. Safranin O staining (A, B & C),
magnification = 40X. Strong positive orange-red staining of Safranin O on human
native nasal septal cartilage (A), reconstructed cartilage from culture medium without
Palmvitee supplementation (B) and reconstructed cartilage with 3ug/ml Palmvitee
supplementation (C) correlating with abundant proteoglycan production. Hematoxylin
& eosin staining (D, E & F), magnification = 200X. Hematoxylin & eosin staining
demonstrated human native nasal septum cartilage (D), reconstructed cartilage from
culture medium without Palmvitee supplementation (E) and reconstructed cartilage

with 3ug/ml Palmvitee supplementation (F) were consisted of evenly spaced lacunae
cells embedded in a basophilic matrix.

After 8 weeks of in vivo development of the reconstructed cartilages in nude mice model,
Safranin O staining on the histological sections of reconstructed cartilages from the 3 pg/ml
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Palmvitee supplemented culture medium (Fig. 4C) as well as the control (medium without
Palmvitee supplementation; Fig. 4B) exhibited a strong positive orange-red staining comparable
to the human native nasal septal cartilage sections (Fig. 4A). The positive orange-red staining
from Safranin O denotes abundant cartilage proteoglycans production in the tissues.
Hematoxylin & Eosin staining on the reconstructed cartilages from the cultured medium without
Palmvitee supplementation (Fig. 4E) and from the reconstructed cartilages with 3 pg/ml
Palmvitee supplementation (Fig. 4F) showed the tissue sections were consisted of evenly spaced
lacunae cells embedded in a basophilic matrix. These histological features were similar to the
human native nasal septum cartilage (Fig. 4D). The histological staining showed that the
reconstructed cartilage was higher in cell density compared to the native cartilage.
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Fig.5:  One step reverse transcriptase-polymerase chain reaction analysis on the expression
of type I and type Il collagen gene from the large scale expanded chondrocytes in
monolayer culture (EC), reconstructed cartilage from culture medium without
Palmvitee supplementation (A) and reconstructed cartilage from culture medium
added with 3ug/ml Palmvitee (B). Large scale expanded chondrocytes expressed only
type I collagen but not type II collagen. Both reconstructed cartilages;, A and B
demonstrated re-expression of type Il collagen gene. Expression of f-actin gene was
acted as a control. M: 100 bp DNA marker. Lane C: S-actin gene fragment (495 bp).
Lane I: Type I collagen gene fragment (396 bp). Lane II: Type II collagen gene
fragment (294 bp).

One step reverse transcriptase-polymerase chain reaction (RT-PCR) analysis on the total RNA
extracted from large scale expanded chondrocytes showed the cultured chondrocytes only
expressed type I collagen but not type II collagen (Fig. 5). After 8 weeks of in vivo
development of the reconstructed cartilages, both reconstructed cartilages from the culture
medium with 3 pg/ml Palmvitee supplementation and the control (medium without Palmvitee
supplementation) demonstrated a high re-expression of type II collagen gene (Fig. 5). Type I
collagen gene was also co-expressed in the tissues.

4_ DISCUSSION

Our current data presents the first report of the effects of Palmvitee on the human nasal septal
chondrocyte monolayer expansion and cartilage reconstruction. The supplementation of
Palmvitee up to 15 ug/ml in mediums did not alter the morphological features of cultured
chondrocytes in monolayer expansion. The change on chondrocyte morphology from polygonal to
elongated shape was due to the modification on the cell cytoskeleton in the monolayer culture [28].

Supplementation of Palmvitee at 3 pg/ml to the culture medium increased chondrocytes
proliferation in multiple passages compared to the control medium without additional
Palmvitee. This result shows that Palmvitee at 3 pg/ml concentration has small mitogenic effect
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on human nasal septum chondrocytes. The antioxidant activity of Palmvitee that reduce the cell
injury by free radicals may be the possible reason for the minor mitogenic property of Palmvitee
on chondrocyte expansion [6 - 9, 27]. The addition of Palmvitee at 3 pg/ml into the culture
medium was shown to be beneficial for the human nasal septal chondrocytes monolayer
expansion since it can increase the amount of chondrocytes for cartilage reconstruction.
However, supplementation of Palmvitee at higher concentration than 3 pg/ml demonstrated the
reverse effects on chondrocyte proliferation. Higher dosage of Palmvitee showed anti-
proliferative effect on cultured chondrocytes and thus, not suitable for chondrocyte monolayer
expansion. This result was parallel with previous studies that the precursors of Palmvitee have
an anti-proliferative effect on the growth of normal as well as cancerous cell lines [3, 4, 5, 21,
22,25 - 27]. High dose treatment of a-tocotrienols which is a subgroup of vitamin E was said to
induce anti-proliferative and apoptotic effects on normal mouse mammary epithelial cells at
primary culture [5, 27]. However, we are still unclear on the physiological significance of
Palmvitee on human chondrocytes culture in this study. Palmvitee has been shown to interact in
intracellular mechanisms pathways especially in the inhibition of the mitogenic-signaling
pathways. This is done by inhibiting protein kinase C, adynelate cyclase and cyclic AMP-dependent
protein, thus induced the inhibition of cell mitogenic pathways [3, 4, 21, 22, 25, 26, 27]. Since
most of the studies on understanding the mechanisms of Palmvitee in inducing anti-proliferative
and apoptotic effects were done on the cancerous cells line, it is not known whether Palmvitee
inhibit the human chondrocyte proliferation with the same mechanism. This needs to be
clarified further through research [4, 21, 22, 25, 26, 27].

One step RT-PCR analysis on the freshly isolated chondrocytes showed only collagen type II
expression with negative expression on collagen type I. This phenotype gene expression pattern
specifies the characteristic of hyaline cartilage. Gene expression study results showed the
addition of Palmvitee in the culture medium did not change the phenotype gene expression of
cultured chondrocytes in multiple passages. All cultured chondrocytes showed a gradual
reduction on collagen type II gene expression. This phenomenon was defined as cell
dedifferentiation process and was due to flatten morphology of chondrocytes in monolayer
culture [12, 13, 29].

In cartilage reconstruction study, a large scale culture of human nasal septal chondrocytes in
medium supplemented with or without 3 pg/ml Palmvitee exhibited dedifferentiation
characteristic of negative expression on type II collagen gene. After 8 weeks of in vivo
development, one step RT-PCR analysis on the total RNA extracted from the reconstructed
cartilage showed a high re-expression of type II collagen. This showed that the addition of
Palmvitee into the culture medium did not inhibit the re-differentiation process of chondrocyte
in in vivo development. Histological evaluation on the reconstructed cartilage also demonstrated
Palmvitee supplementation into the chondrocyte culture medium did not change the quality of
the tissues after 8 weeks of in vivo development. Histological results showed the reconstructed
cartilage were rich in cartilage proteoglycans matrix and exhibited a similar tissue organization
comparable to the native cartilage. The reconstructed cartilage resemble more like a newly
developed cartilage since it exhibited a higher cell density than the native cartilage.

5. CONCLUSION

Palmvitee at the concentration of 3 pg/ml in the human nasal septal chondrocytes culture
medium provide beneficial value for chondrocytes monolayer expansion and -cartilage
reconstruction. Palmvitee at 3 pg/ml concentration increases chondrocyte growth rates, maintain
the gene expression phenotype of cultured chondrocytes and reserve the quality of the
reconstructed cartilage which resemble the quality of a native cartilage.
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