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Centella asiatica or “pegaga” is well known for its ability in promoting wound healing. This study
focused on the effect of C. asiatica on the proliferation of human respiratory epithelial (RE) cells. RE
cells were cultured using co-culture techniques until first passage (P1). Viability cell test by tryphan
blue dye exclusion assay showed that there was high percentage of cell viability at both PO (74%) and
P1 (91.61%). Triplicate tetrazolium dye (MTT assays) were carried out with different concentrations of C.
asiatica from 15.6, 31.3, 62.5, 125, 250, 500, 1000, until 2000 ppm. The higher the concentration of C.
asiatica, the more inhibitory effect was seen. C. asiatica aqueous extract at concentration 1000 and
2000 ppm demonstrated a significant (p < 0.05) inhibitory effect on human RE cells proliferation on day
4 and 7 after treatment. This provides potential use of C. asiatica extract for the treatment of conditions
with respiratory epithelial cells overgrowth.
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INTRODUCTION

Centella asiatica (family: Umbelliferae) is also known as to South America, West Indies and South East Asia like
Gotu kola in Indian or pennywort in English. It originates Malaysia, Pakistan, Japan, China and Australia. It is
from Asia (India, Sri Lanka) and East Africa widespread commonly found in swampy areas of India, as a weed
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crop fields and other waste places throughout India up to
an altitude of 600 m (Dastur et al., 1962). The extract of
C. asiatica consists of bioactive terpene acids such as
asiatic acids, madecassic acid and their respective
glycoside, asiaticoside and madecassoside (Inamdar et
al., 1996). C. asiatica has been reported to possess
antiulcer (Yoshinori et al., 1982; Gohil et al., 2010), anti-
inflammatory (Guo et al., 2004; George et al., 2009;
Huang et al., 2011), immunomodulating (Punuree et al.,
2005), antitumor (Babu et al., 1995), antiproliferative
(Yoshida et al., 2005), antibacterial (Zaidan et al., 2005),
antioxidant (Gupta et al.,, 2006), and antigenotoxic
(Siddique et al., 2007) properties. It is believed that the
antioxidation activity of the phenolic compound from C.
asiatica can prevent certain diseases like arteriosclerosis,
cancer, diabetic and arthritis (Zainol et al., 2003). Besides,
C. asiatica could act as cardio protective agent that can
enhance myocardial antioxidants and thus prevents the
extent of cardiac damage (Gnanapragasam et al., 2004).

A number of studies have demonstrated the
effectiveness of C. asiatica triterpenes, in particular the
glycoside asiaticoside, in promoting wound healing
(Maquart et al., 1999; Shukla et al., 1999a, b). Wound
and ulcer healing are enhanced by the promotion of
fibroblast proliferation and collagen synthesis in response
to topical treatment with extracts of C. asiatica herb
(Maquart et al., 1990, 1999). C. asiatica increase the
production of basic fibroblast growth factor (bFGF) induce
angiogenesis and cell proliferation, therefore it promotes
wound healing activity (Shukla et al., 1999a, b; Chuen et
al., 2004; Gohil et al., 2010). Asiaticoside enhance the
burn wound healing at low doses by promoting angio-
genesis during skin wound repair (Kimura et al., 2008).

Besides the aforementioned activities, previous studies
reported that C. asiatica extract possess anti-psoriatic
effect due to an inhibition of keratinocyte proliferation by
its constituent triterpenoid glycosides (Sampson et al.,
2001). Recent study by Babykutty et al. (2009) show that
C. asiatica extracts induced apoptosis on human breast
cancer cells. To date, almost no scientific information is
available for the study of effect of C. asiatica aqueous
extract on human respiratory epithelial cells. Therefore,
the present study was designed to study the effect of an
aqueous extract of C. asiatica on primary human
respiratory epithelial cells.

MATERIALS AND METHODS
Respiratory epithelial tissues isolation and cultivation

The University of Kebangsaan Malaysia Research and Ethical
Committee have approved the usage of redundant human nasal
turbinate specimens from consented patient. Human nasal turbinate
were obtained from six consented patients undergoing turbinectomy.
The tissues were rinsed in phosphate buffer saline (PBS) (Gibco,
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Grand Island, NY) supplemented with 1% antibiotic-antimycotic
(Invitrogen, Carlsbad, CA) and cut into small pieces (2 mm3) and
digested with 0.3% collagenase type | (Gibco/BRL) for 6 to 7 h.
After complete digestion, the cell suspension was centrifuged at
5000 rpm for 5 min at room temperature. The resulting cell pellet
was washed with PBS and centrifuged again to obtain a cell pellet.
The cell pellet consisted of respiratory epithelial cells and
fibroblasts were then cultured using co-culture technique (Noruddin
et al.,, 2007; Mohd et al., 2010) in the combination medium of
defined keratinocyte serum free medium, Ham's F12 and
Dulbecco’s modified eagle medium (defined keratinocytes serum
free medium (DKSFM): F12: DMEM; 2:1:1) (Gibco/BRL) + 5% fetal
bovine serum (FBS) in six-well plate culture dish. All cultures were
maintained at 37°C in a humidified 5% CO, incubator (Jouan).
When the cells reached 80 to 90% confluency, fibroblast were
trypsinized with 0.05% trypsin-ethylenediaminetetraacetic acid
(EDTA) (Gibco/BRL) leaving the colonies of respiratory epithelial
cells in DKSFM only as respiratory epithelial cells culture passage
zero (P0). The respiratory epithelial cells were trypsinized again and
sub cultured into passage one (P1) once reached 80 to 90%
confluency.

Determination of cell number and viability

Morphological features of the cells were examined every day using
the inverted light microscope (Olympus, Shinjuku-ku,Tokyo) and
photomicrographs were recorded. Growth rates (cell/d/cm?®) of
cultured respiratory epithelial cells were calculated at every
passage.

Preparation of C. asiatica (CA) aqueous extract

Fresh leaves of C. asiatica were identified and voucher specimen
no. FRI50032 was deposited at the Medicinal Plant Division, Forest
Research Institute of Malaysia (FRIM). The aqueous extract of C.
asiatica was prepared by method described by Flora and Gupta
(2007). The leaves were sun-dried and grounded into a powder.
Powdered samples (250 g) were refluxed with 1.5 L of distilled
water at ratio 1:6 for 3 h at temperature approximately 40°C. The
extracts were left to cool at room temperature before it was filtered
using whatman filter paper. The extract was concentrated on
magnetic stirrer until it became half the initial volume. The extract
was freeze dried to remove the solvent and the dried extract was
stored at 4°C until further use.

MTT assay

MTT assay to measure cell viability and proliferation was used to
quantitatively determine the number of viable cells after treatment
with C. asiatica aqueous extract. Respiratory epithelial cells at P1
were cultured triplicate in 96-well micro titer plate at a density of 1 x
10* cells/well in DKSFM culture medium for 1 to 2 days. After the
cells reached confluence, medium was changed to F12: DMEM (FD;
1:1) supplemented with indicated amounts of C. asiatica (15.6, 31.3,
62.5, 125, 250, 500, 1000 and 2000 ppm). Culture plate was then
incubated for 24 h at 37°C in 5% CO,. MTT solution was added and
incubated with the cells for 4 h. The cells were then lysed to release
and solubilize purple formazan. The test was carried out in 3
different days, day-1, day-4 and day-7. The absorbance value of
culture in each well was measured at wavelength 570 nm with
background subtraction at 690 nm by spectrophotometer.
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Figure 1. Percentage of respiratory epithelial cell viability at passage zero (PO) and passage
one (P1). *p < 0.05 showed the significant differences in percentage of cell viability in passage
one when compared to the passage zero. The mean values of cell viability for each passage

are 74.2 + 5.6 (P0) and 91.6 + 5.6 (P1).

Statistical analysis

Statistical calculation was done with the SPSS 13.0 software. Data
for respiratory epithelial cells viability and absorbance values were
performed as mean * standard error of mean (SEM). Statistical
differences were determined by Student’s t-test and one-way
analysis of variance (ANOVA), and the differences among means
were considered significant at p < 0.05.

RESULTS

Morphological analysis and cell viability of human
respiratory epithelial cells

Observation under inverted microscope of the co-culture
system showed that fibroblast and respiratory epithelial
cells have different morphology. Respiratory epithelial
cells appeared polygonal while fibroblasts were flat and
elongated. The respiratory epithelial cells maintained
polygonal morphology from primary culture (PO) to
passage one (P1l). Both PO and P1 showed high per-
centage of cell viability which was 74.2% (P0O) and 91.6%
(P1), respectively. The number of respiratory epithelial
cells at P1 was slightly higher as compared to the num-
ber of cells in PO (Figure 1). Statistical analysis through
Student’s t-test showed that the percentage of cell
viability in P1 was significantly higher at p < 0.05 when

compared to percentage of cell viability in PO. The results
are supported by the findings that respiratory epithelial
cells from the nasal turbinates cultured using a co-culture
system produced superior quality of respiratory epithelial
cells (Noruddin et al., 2007).

C. asiatica extract effect on
respiratory epithelial cells

proliferation of

The proliferation of respiratory epithelial cells culture was
evaluated by MTT assay after 1, 4 and 7 days treated
with C. asiatica aqueous extract. On day-1, C. asiatica
aqueous extract at all concentration (15.6, 31.3, 62.5,
125, 250, 500 and 1000 ppm) except 2000 ppm
demonstrated increases in total number of human nasal
respiratory epithelial cells when compared to DKSFM
control but these increments were not significant. On day-
4, all culture treated with C. asiatica aqueous extract
showed an inhibitory pattern towards the respiratory epi-
thelial cells compared to DKSFM control but only extract
at concentration 125, 1000 and 2000 pg/ml showed
significant inhibitory effect when compared to the control
(Table 1). On day-7, culture treated with C. asiatica
agueous extract at concentration of 62.5, 1000 and 2000
pa/ml showed significant inhibitory effect when compared
to the DKSFM control (Table 1). The numbers of viable
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Figure 2. Concentration-dependent effects of C. asiatica extract on human Respiratory epithelial cells. Human RE cells were
incubated with C. asiatica aqueous extracts for the indicated time: day-1(A), day-4 (B) and day-7 (C). Cell viability was measured by
MTT assay. The absorbance value at 570nm are expressed as the mean + SEM. *p < 0.05, **p < 0.05 and ***p < 0.05 are
significant compared with the DK control. DK: Respiratory epithelial cells in DKSFM without C. asiatica treatment.

of viable cells in culture treated with all concentration on illustrated in Figure 2, the effect of C. asiatica aqueous
day-7 were lower when compared to day-4. Overall, extract on human respiratory epithelial cells seems to be
among the various concentrations of C. asiatica extract, concentration-dependent, where the higher the C.

2000 and 1000 ppm were found to have anti-proliferative asiatica extract concentration, the lower the number of
effect on cultured human respiratory epithelial cells. As viable human respiratory epithelial cells.
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Table 1. Antiproliferative effect of C. asiatica aqueous extract on human respiratory epithelial cells.

. Day-4 Day-7
géggizrt]itcrgtzggrg; Absorbance valueat  Sig (1-tailed) Absorbance value at Sig (1-tailed)
570 nm *P<0.05 570 nm **P<0.05
15.6 0.0493+0.0143 0.079 0.0460+0.0163 0.066
31.3 0.0415+0.0127 0.065 0.0388+0.0124 0.054
62.5 0.0422+0.0135 0.056 0.0287+0.0084** 0.049
125 0.0447+0.0142 0.059 0.0362+0.0145 0.051
250 0.0343+0.009* 0.045 0.0352+0.0127 0.050
500 0.0363+0.0125 0.055 0.0318+0.0118 0.052
1000 0.0245+0.0078* 0.039 0.0157+0.0045* 0.042
2000 0.0267+0.0068* 0.042 0.0167+0.0044* 0.044
Results are mean = SEM of culture treated with C. asiatica after day-4 and day-7; *Significant compared to the DKSFM control at
p<0.05.
DISCUSSION concentration of C. asiatica aqueous extract (500 to 2000

MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium
bromide) assay applied the principal of formazan crystal
formation through dehydrogenase mitochondria activities
in living cells. The rate of formation of MTT crystal
formazan is directly proportional to the number of living
cells. According to Sampson et al. (2001), C. asiatica
aqueous extract suppressed the proliferation of
keratinocytes cell line (SVK-14). However, Lu et al. (2004)
found C. asiatica aqueous extract induced proliferation of
human dermal fibroblast cells. Figure 2 showed that there
was inhibitory effect of C. asiatica on human RE cells
proliferation activities with the decrease in absorbance
values at all concentration. According to Sampson et al.
(2001), the active compounds in C. asiatica extract which
are asiaticosside and madecassoside have anti-
proliferative effect on keratinocyte cells.

In this study, an inhibitory trend was detected as a
response to C. asiatica extract. The higher the
concentration of C. asiatica, the more inhibitory effect
was seen. This indicated that the inhibitory effect of C.
asiatica aqueous extract on respiratory epithelial cells is
concentration-dependent. Observation under inverted
microscope showed that nearly all cells contained purple
crystal. However, statistical analysis showed no
significant mean difference to the formation of crystal
formazan when compared to DKSFM control. This might
be caused by the condition of cell physiology and
variation in dehydrogenase activities in the mitochondria
of respiratory epithelial cells. Babykutty et al. (2009) had
found that C. asiatica extracts induced apoptosis on
human breast cancer cells by induction of nuclear
condensation and loss of mitochondrial membrane
potential. This study also showed that the exposure of
human respiratory epithelial cell cultures to high

ppm) may cause cytotoxicity effect on cells.

Studies on the effect of C. asiatica on human nasal
epithelial cells could help to investigate the potential of
this herb for the treatment of nasal polyposis. Nasal
polyposis is a chronic inflammatory disease of the
mucous membranes in the nose and paranasal sinuses.
Increased proliferation of epithelial cells has been well
documented in nasal polyp (Coste et al., 1996). The
fibroblasts are the main cells of the polyp architecture
and play an important role in nasal polyposis (Xing et al.,
1993). A number of differentiation factors and
inflammatory mediators secreted by fibroblast cells are
involved in the growth of nasal polyps (Saji et al., 2000).
Activated epithelial cells may be the major source of
mediators inducing influx of inflammatory cells that further
cause proliferation and activation of fibroblasts leading to
nasal polyp formation (Pawliczak et al., 2005). The innate
immune mechanism, the growth and homeostasis of
epithelial cells may also play a role in the formation of
nasal polyps (Fundova et al., 2008). Since the present
study revealed that C. asiatica aqueous extract exhibited
some inhibitory effect on the proliferation of human
respiratory epithelial cells, the identification and
characterization of the compounds present in C. asiatica
extract to determine their particular functions will be part
of our future study.

Conclusion

The C. asiatica aqueous extract demonstrated an
inhibitory effect towards the proliferation activities of
human respiratory epithelial cells. The effect of inhibition
is dose-dependent; with the higher the dose of C. asiatica
extract the more inhibition will be observed. Further



studies are necessary to understand the compounds of C.

asiatica that is responsible for the anti-proliferative effect
on human respiratory epithelial cells. This finding
provides the possibility of using C. asiatica extract as an
anti-polyps therapy.
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