° 166 Chinese Traditional and Herbal Drugs 34 2 2003 2

Biotransformation of artemisinin by Catharanthus roseus and
Ginkgo biloba cell suspension cultures
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Abstract Object

(I ) by Catharanthus roseus and Ginkgo biloba cell suspension cultures. Methods

To investigate the biotransformation of the antimalarial compound artemisinin
Plant tissue culture
technology was employed. The product was isolated on silica gel column chromatography and its structure
was elucidated by spectroscopic evidence. Results One product was obtained and its structure was charac—
terized as 3 - hydroxydeoxyartemisinin (Il ). Conclusion Both of C.rseus and G.biloba cell suspension
cultures can bioconvert artemisinin.
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Artemisinin ( Qinghaosu), a sesquiterpene
lactone, is an antimalarial agent isolated from the
Chinese herbal medicine Artemisia annua L "'.
Thereafter artemisinin and its derivatives have re—
ceived considerable attention because of their activ—
ity against resistant strains of Plasmodium falci—
parum and efficacy against cerebral malaria. As an
antimalarial drug, the high reversion rate and poor
solubility of artemisinin in water, was limited its
of derivatives of

use 1in clinics. A number

artemisinin have been synthesized from dihy-
droartemisinin, and out of these, artemether, ar—
teether, artesunic and artelinic acid are either cur—

rently in use or being evaluated for usé?. At the
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same time some biotransformation of artemisinn

and its analogues, such as arteannuin B,
artemether and arteether efc. , has been carried out
during the past years'”™ ®. Moreover, the cytotoxic
effect of some artemisinin derivatives have been
studied”*" .

and its derivatives are getting to be the focus of

It can be concluded that artemisinin

many investigators. To date, thereis no report on
the biotransformation of artemisinin by plant cell
suspension cultures. In the present paper, The
biotransformation of I by Catharanthus roseus ( L. )
G. Don and Ginkgo biliba 1.. cell suspension cul-

tures was reported, respectively.

1 Results and discussion
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CompoundI (Fig. 1) was administered to the
ten—day-old cell cultrues, and incubated for addi-
tional seven days. The cells and medium were har—
vested and extracted as described in the experimen-—
tal section. One product was isolated from the
medium by chromatographic methods, and its

structure was identified as 3x-hydroxydeoxy-
artemisinin ( Fig. 1) on the basis of its chemical and
spectral data. Mass spectral data of productll in-
dicated that there was no change in the molecular
weight (m /z [M] 282). The IR spectrum show ed
a broad peak at 3 490 em™ ', which suggested the
presence of a hydroxyl group, while no character—
istic signal of a peroxide bridge ( 831, 881, 1 115
cm | ) was observed. The "CNMR spectrum sh—
owed a new signal at 69. 4. All of these data indi-
cated thatll was a hydroxylated deoxyartemisinin.

The” CNMR and ' HNM R data ofl[ were in good
agreement with those reported in literature”'. The
yields of Il by C. roseus and G. biloba cultured cells
were 1070 and 13% , respectively. Additional test
showed that compoundl added to the same medi-
um without cell cultures and incubated in the same
condition yielded no products, suggesting that Il

be an enzymatic product. The fact thatl
verted toll by both C. roseus and G.biloba cultured

cells suggested that some plant cell suspension cul-

was con—

tures might possess similar enzyme systems to re—
sult in theloss of one of the peroxide oxygen atoms
to give the epoxide and have the ability of hydroxy-
lation though the precise order of the pathway is
still unknown. The bioactivity studies on the anti-
tumor and antimalarial activities of the transformed

product Il is under way.

Fig. 1 Structures of compound] andlIl

This result should be of some value for the fu-
ture biotransformation studies of artemisinin. Al-

though there has been some chemical methods to

synthesize artemisinin and its derivatives, the toxic
risk and high cost of these methods limit their
uses. Until now plants are still the main source for
the production of artemisinin. But the content of
artemisinin in natural resources or cultured cells of
A.annua is low, which made it urgent to develop
some effective methods with biotechnology and
biochemical engineering to improve the production
of artemisinin.

2 Experiment

2.1 General experimental conditions. IR spectra
were obtained on a Perkin—Elmer 933B spectropho—
tometer (KBr). NM R spectra (' HNM R and " CN-
MR) were recorded in CDCh on INOV A-500 spec—
trometer, and chemical shifts were recorded in 0
using TMS as internal standard. TOF mass spec-
tra was measured on a MALDI TOF mass spec—
trometer. All chemicals were obtained from Beijing
Chemical Factory.

2.2  Tissue and cell culture of C. roseus.- The
seedlings of C. roseus (identified by Prof. GUO De-
an ) were obtained from the Medicinal Plant Gar—
den of Peking University Health Science Center-
Young leaves were used to initiate calli. The plant
materials were disinfected by immersing in 70
ethanol for 30 seconds, followed by 0. Po  HgCk
for ten minutes, washed five times with sterilized
water, then cutinto small pieces (about 0. 5 emX
0.5 c¢m) and aseptically transferred to Murashige
and Skoog § medium (M S) supplemented with 1. 0
mg /L of 2, 4-dichlorophenoxyacetic acid ( 2, 4-D)
and 7.0 g/L of agar. The pH of the medium was
adjusted to 5.8 before being autoclaved at 121°C
for 20 minutes. The calli were initiated from all of
explants within four weeks of culture in the dark-
ness at (25F 2)C. The calli cultures were main—
tained on the medium of the same composition and
the same culture condition by subculture every four
weeks. Three-week-old friable calli were used for
initiation of suspension cultures. M'S medium sup-
plemented with 0.5 mg /L of 6-benzyl-aminopurine
(6-BA), 0. 5mg /Lof NAA and 0. 2 mg /L of 2, 4
dichlorophenoxyacetic acid (2, 4-D) which was
proved to be the best for good growth of the cul-
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tures in liquid medium. Cell cultures were subcul-
tured every three weeks at the inoculation of 5 ¢ /L
of dry weightin 500 mL of Erlenmeyer flasks with
150 mL of fresh medium and incubated on a rotary
shaker at 110 r/min in the darkness at (25 2) T.

The procedure of the cultivation of G. biloba cells
was performed as described preViouslyng.

2.3  Biotransformation of [ The suspension
cells were cultured in 500 mL of flask with 150 mL
liquid medium. One milliliter of the stock sub-
strate solution( 10 mg /mL) was added to one flask
with suspension cell cultures, and one additional

After addi—

tional seven days of incubation, the cell cultrues

flask without substrate as the control.

were filtered under vacuum and washed three times
with distilled water. The filtrate was collected and
extracted three times by equivalent volume of
EtO Ac, and all the extracted solutions were con—
centrated under vacuum at 40 C. The residues
were dissolved in acetone and analyzed by TLC de-
veloped with acetonepetroleum ether(1* 2.5),
and detected by spraying with 100 EtOH (in
H2S0+ ) followed by heating at 105C. The TLC
results showed that one new spot appeared in the
chromatogram of the medium extract. For prepara—
tive biotransformation experiment, 1 mL of sub-
strate solution was added to each flask on the 10th
cultural day. and the total amount of I adminis—
tered in C.rseus and G.biloba was 300 mg, 150
mg, respectively. After additional seven days of
incubation, all the media were collected, extracted
and concentrated as described above. The obtained
residue was separated by silica gel chromatography
(silica gel G, 200— 300 meshes), eluting with ace—
tone—petroleum ether (60 T—90C)(1: 5~ 1% 1)

to yield 30 mg and 20 mg of II by C.roseus and

G- biloba cell suspension cultures, respectively-

2.4 Identification. 3x—Hydroxydeoxyartemisinin

Il: white needles; ' HNMR ( CDCL, 500 M Hz) ©
0.93 (3H, d, J= 6 Hz, Me14),1.17 (3H, dJ= 7
Hz, Me-13), 1.56 (3H, s, Me-15), 181 (1H,
m, H8), 1.92 (1H, m, H=8), 197 (1H, m, H-
2), 207 (1H, di, J= 129, 4.5 Hz, H=7), 3. 18
(1H, dq, J= 4.5, 7.2 Hz, H-1), 3.60 (1H, s,
H-3), 5.62 (1H, s, H-5). "CNMR (CDCB, 500
Hzy 812.6 (13-C), 18.4 (14C), 20.5 (15-C),
23.5 (8C), 30.3 (2-C), 327 (11=C), 33. 4 (9-
C), 35 1(10=C), 40.6 (1-C), 420 (7-C), 69. 4
(3C), 829 (6C), 98.9 (5-C), 1089 (4-C),
171. 3 (12=C).
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