v

Thesis Title Pharmacological Characterization of Coscinium  fenestratum,
Tinospora crispa and Tinospora cordifolia

Author Miss Rudeewan Tungpradit

Degree Doctor of Philosophy (Biotechnology)

Thesis Advisory Committee

Assoc. Prof. Dr. Suree Phutrakul Advisor

Prof. Dr. Shui-Tein Chen Co-advisor

Asst. Prof. Dr. Weerah Wongkham Co-advisor

Dr. Supachok Sinchaikul Co-advisor
ABSTRACT

The aim of this study was to characterize the pharmacological characterization
of active compounds from Coscinium fenestratum, Tinospora crispa and Tinospora
cordifolia for anti-cancer, hypoglycemia and immunostimulation. Firstly, the effect
of water and methanol extracts from the stem of these herbs on cancer cell viability
were investigated by MTT or WST method. Both extracts from C. fenestratum
exhibited 1Csy lower than 500 pg/ml, but ICs of the extracts from 7. crispa and T.
cordifolia were higher than 500 pg/ml. The methanol extract of C. fenestratum
exhibited the most cytotoxic activity. This extract was fractionated by C-18 column

chromatography and purified by reverse phase HPLC. Finally, the active compound



was identified as berberine by NMR. This isolation method was very simple and
offer high yield of berberine (3.68% w/w).

The cytotoxic effect of berberine was evaluated against ten cancer cell lines
(HL-60, NCI-H838, NPC-TWO01, NCI-H1876, NCI-H661, MES-SA, SW900, MKN-
45, HCT-116 and A498) and two normal cells (PMBC and HUV-EC-C). Berberine
exhibited effective cytotoxic activity to cancer cell lines especially in HL-60 and NCI-
H838 cell lines. But it exhibited low cytotoxic activity to the normal cell. The
selective index value indicated that berberine was more toxic to cancer than normal
cells. The amount of berberine uptake by cancer cell correlated with cytotoxic
activity. Berberine could induce apoptosis in both HL-60 and NCI-H838 cells when
investigated by DAPI or Annexin V-FITC staining. The effect of berberine on
apoptotic proteins and cell cycle arrest was further studied using NCI-H838 cell. In
berberine treated cell, the cell was arrested in G2/M phase when detected by flow
cytometry. From western blotting, procaspase 3, 6, 7, 8 and Bcl-2 protein expressions
were decreased. The target organelle of berberine was investigated by fluorescence
microscopy but the specific target was not found. Because berberine in organelles
around nuclei, nuclei and cytoplasm were observed. The structure of berberine was
modified to enhance cytotoxic activity and structure activity relationship (SAR) was
studied.  Berberine, jatrorrhizine, palmatine and canadine were compared for
cytotoxic activity and evaluated SAR. Just only berberine exhibited the most
effective activity. This finding indicated that N” and Ring A had effect to the activity.
Then, benzyl substituted berberines (compounds 3-7) were synthesized by
introduction of a benzyl group at the 9-O and 13-C position. The 9-O benzyl

substituted derivative exhibited higher cytotoxicity than 13-C benzyl substituted
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derivative. A series of 9-O-alkyl substituted berberine derivatives (compounds 8-17)
were also synthesized. All of the derivatives showed cytotoxic activity higher than
berberine and also could induce apoptosis in HL-60. With respect to halide ions, the
cytotoxicities of the bromide and chloride berberine derivatives were nearly the same.
This indicated that the type of alkaline salt (Br" or CI) had no effect on cytotoxicity in
vitro. Interestingly, the lipophilicity of the compound in both benzyl and alkyl
substituted berberines was correlated with the cytotoxicity and apoptotic effects. The
alkyl derivatives uptakes by HL-60 and NCI-H838 cells were determined by
fluorescence microscopy, spectrophotometry, flow cytometry and HPLC. The alkyl
derivatives were taken up by the cells higher than berberine and they did not bind to
cell membrane but it was actually transferred into the cell. The uptake ability was
positively correlated with cytotoxic activity. Thus, these berberine derivatives are
potential candidates for anticancer drugs.

Additionally, C. fenestratum also showed glucose lowering ability via
berberine by increasing glucose consumption in both normal and cancer cells. The
immuno stimulating properties from the water extract of C. fenestratum, T. crispa and
T. cordifolia were evaluated. All of the water extracts could induce CD69 in PBMC
and the extract from C. fenestratum demonstrated the most effective activity. Crude
polysaccharide was separated from this extract and determined as the active immuno
stimulating compound. These results post the need for further identification of the
active components. These finding would support and promote many ongoing clinical

trails of C. fenestratum.
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