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ABSTRACT

Centella asiatica is a traditional medicinal plant frequently employed in Thai folk
medicine practices. Effects of the water extract of C. asiatica Linn. on mutagenicity of known
mutagens, formation of azoxymethane (AOM)-induced aberrant crypt foci (ACF) and intestinal
tumorigenesis in male F344 rats were investigated. Treatment with the extract significantly
decreased the number of larger ACF (with four or more crypts per focus) in the large intestine in
the early stage, while the number of methylated DNA adducts was not decreased compared with
that in the AOM-treated group. In the post-initiation stage, the extract significantly decreased the
total number of ACF and the number of larger ACF, accompanied by a decrease in the 5-bromo-
2’-deoxyuridine-labeling index and an increase in the induction of apoptotic cells in the colonic
mucosa. The incidences of neoplasms, the numbers of adenocarcinomas in the small intestines
and entire intestines, and sizes of neoplasms in the entire intestines in rats fed C, asiatica extract
at a dose of 10 mg/kg were smaller than those in rats given AOM alone (p<0.05). The extract at a
dose of 100 mg/kg significantly reduced the multiplicity of neoplasms in the small intestine

(p<0.05). These results suggest that inhibition of the formation of AOM-induced ACF by C.
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asiatica extract is associated with modification of cell proliferation and induction of apoptosis in
colonic crypts and that the extract has a chemopreventive effect on colon tumorigenesis.

The effects of C. asiatica on cell proliferation, cell cycle phase distribution and cyclin B1
expression was studied on HT-29 and Caco-2 cells in vitro. C. asiatica extract reduced the
proliferation and altered the morphology of both HT-29 and Caco-2 celis in a dose- and time-
dependent manner. The mechanism of cancer cell growth inhibition was shown to occur via cell
cycle arrest. The extract induced G,-M arrest in HT-29 cells whereas appearing S and G,-M
arrest in Caco-2 cells accompanied with apoptosis induction. Furthermore, the cell cycle arrest
induced by C. asiatica extract appeared the morphology of binucleated cells. These appearances
indicated that some arrest cells come to an end after chromosomal dividing. The extract also
increased the accumulation of cyclin B1 protein that is a key regulartory protein during mitotic
phase progression in both HT-29 and Caco-2 cells. These findings indicate that C. asiatica
extract inhibited cell proliferation of HT-29 and Caco-2 cells through modification of the cell
cycle events and that this cell cycle arrest is associated, at least in part, with increased
accumulation of cyclin B1 protein.

Asiatic acid is a compound of pentacyclic triterpenes that are naturally present in C.
asiatica. Asiatic acid dose-dependently showed cytotoxicity in the human colon adenocarcinoma
cell lines HT-29 and Caco-2. To investigate causes of the cytotoxicity, DNA fragmentation in
HT-29 and Caco-2 cells was studied. Asiatic acid trcatment resulted in a dose- and time-
dependent induction of DNA ladder formation in both HT-29 and Caco-2 celis. Pretreatment of
cells with Z-Asp-Glu-Val-Asp-FMK, a caspase-3 inhibitor, suppressed the DNA ladder formation
in response to asiatic acid in a concentration-dependent manner. Early apoptotic cells appeared in
33.0% of HT-29 and 29.5% of Caco-2 cells when the cells were treated with 25 and 50 g/mi of
asiatic acid, respectively, for 24 h. Asiatic acid induced release of cytochrome ¢ from
mitochondria into the cytosol with decrease of Bcl-2 and Bel-x, and increase in the amount of the
pro-apoptotic protein Bad. Moreover, asiatic acid induced caspase-3 activation in a dose-
dependent manner, and this induction correlated with the appearance of p17 subunit of caspase-3.
These results suggest that asiatic acid induces apoptosis in colon adenocarcinoma cell lines via a

mitochondrial pathway.
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In conclusion, asiatic acid found in Centella asiatica was able to induce apoptosis of
cancer cell lines. Most interesting is the capacity of the extract to induce cell cycle arrest in HT-
29 and Caco-2 cells. The results add to the evidence that asiatic acid may be used as cancer -
chemopreventive agent. Our results suggest that induction of apoptosis and cell cycle arrest may

be important mechanisms of in vivo proliferation inhibition of colorectal cancer and other cancer

cells by Centella asiatica extract.
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