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ABSTRACT

The leaves of Clinacanthus nutans Lindau have long been traditionally used in

Th iland as an anti-inflammatory drug for the treatment of insect bites, héfpes infection

ﬁ.'ﬁ':"aile:gic responses. A crude chloroform extract was separated by means of
chromatographic techniques and bioactivity-guided fractionation to give eight pure

pounds. Structure elucidation of the isolated compounds was carried out on the

-;b.E.i.SILS of spectral analyses. Eight of these were identified as novel compounds related to
::_'.:h}orophyﬂ a and chlorophyll b namely 13%-hydroxy-(13%-S)-chiorophyll b, 5%
fi.hydroxy (13 -R)-chlarophyll b, 13 -hydroxy-(la -S)-phaeophytin b, 13 ~hydroxy—(1a -
:;_R) phacophytin b, 13 2.hydroxy-(13*-S)-pbacophytin  a, 13 2_hydroxy-(13%-R)-
;phaeophy“tm a, purpurin 18 phytyl ester and phaeophorbide a, These conpounds have

3‘%1_10‘[ been previously reported in this species.
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ORIGINAL ARTICLE

Chemical composition investigation of the
Clinacanthus nutans Lindau leaves

Santi Sakdarat'*, Aussavashai Shuyprom?, Thaweephol Dechatiwongse Na Ayudhya’,
Peter G Waterman?®, Gloria Karagianis®

! School of Chemistry, Institute of Science, Suranaree University of Technology, Nekhon Ratchasima, Thailand
g Medicinal Plant Research Institute, Department of Medical Science, Ministry of Public Health, Monthaburi,
Thailand

2 Centre for ?’hytochemistry, Southern Cross University, Lismore, Australia

ABSTRACT

) The leaves of Clinacanthus nutans Lindau have long been traditionally used in Thailand as
an anti-inflammatory drug for the treatment of insect bites, herpes infection and aliergic responses.
‘A crude chloroform extract was separated by means of chromatographic and ‘bioactivity-guided
fractionation techniques to give eight pure compounds. Structure elucidation of the isolated compounds
was carried out on the basis of spectral analyses, including DEPT, COSY, NOESY, HMQC and FIMBC.
. These eight compounds were related to chiorophyll a and chloraphyll b namely 13*hydroxy-(13%-5)-
chiorophyll b (1), 13*hydroxy-(13%-R)-chlorophyll b (2), 13*hydroxy-(13%-5)-phaedphytin b (3), 13*-
hydroxy-(13*-R)-phacophytin b (4), 13*-hydroxy-(132-5)-phasophytin a (5), 13%-hydroxy-(13%-R)-
phaeophytin a (6), purpurin 18 phytyl ester (7) and phaeophorbide a (8). Five of these (compounds 1, 2,
{3, 5, 6) were identified as novel compounds. These compounds have not been previously reparted in thig

species. Further studies on the antiviral activity of the isolated compounds are in progress.

Keywords: Clinacanthus nutans Lindau, chiorophyll a and chlorophyll b related compounds, 13*

hydroxy-(13%S)-chiorophyll b, 13%-bydroxy-(13%-R)-chlorophyll b, 13*hydroxy-(13*-S)-phacophytinb,

13%hydroxy-(13%-R)-phasophytin b, 13*-hydroxy-(13%-S)-phacophytic 2, 13%-hydroxy-(13*R)-phacophytin
" a, purpurin 18 phytyl ester, phacophorbide a. :

=Corresponding author: Tel +6644-224302; Fax: +6644-224185; E-mail: santi@sutacth. oo
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INTRODUCTION

Clinacanthus nutans (Burm.f) Lindau

is an often cultivated small shrub, native to tropi-

.cal Agia. Fresh leaves of C. nutans has long
.been used in Thailand by traditional doctors to
freat skin rashes, insect and snake bite as well as

herpes simplex virus (HISV), and varicella-zoster
~virus (VZV) lesions. Extracts from the leaves
were reported to possess analgesic and anti-

inflammatory activities (Satayavivad, ef al.,

1996), antiviral activities against varicella-zoster
virus (Thawaranantha, ef al., 1992) and herpes

simplex virus type-Z (Jayavasu, et al., 1952a).
Clinical trials in patients with genital herpes are
also reported- (Yayavasu, ef al., 1992b) and
(Sangkitjaporn, et al., 1995). Clinical trials have
shown the successful use of a C. nufans prepa-
ration (cream or lotion) for the relief of minor skin
inflammation, insect bites, treatment of genital
herpes and varicella-zoster lesions in patients - .
(Charuwichitratana, et al., 199%), however,
negative results have alo been reported
(Yoosook, et al., 1999).
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C. nutans has been phytochemically and
chemically investigated previously for stigma-
sterol (Dampawan, 1976), lupeol, B-sitosterol
(Dampawan, et al., 1977), belutin (Lin, et al.,
1983). Six known C-glycosyl flavones, vitaxin,

isovitexin, shaftoside, isomollupentin-7-O-B--

glucopyranoside, orientin, isoorientin (Teshima,
et ézl.,__ 1997), five sulfur-containing glycosides
{Teshima, et al., 1998), two glycoglycerolipids
(Satakhun, et al., 2001), a mixture of nine cere-
broside and a monoacylmonogalatosylgly-
cerol (Tuntiwachwuttiknl, et al., 2004), have
been isolated. However, only the two glycogly-
cerolipids have been shown to exhibit antiviral
activity.

This present article deals with the pre-
liminary study at the Medicinal Plamt Research
Institute, Deparfmen;c of Medical Science,
Ministry of Public Hezlth on antiviral compounds
isolated from this plant using bioassay-guided
fractionation. The most antiviral active fractions
were selected for further antiviral-guided
fractionation by means of chromatographic
techniques. This led to the isolation of eight pure
compounds which were identified as chiorophyll
a and chiorophyll‘b related compounds by
Chlorophyll related

compounds isolated from planis and marine

spectroscopic methods.

organisms have been shown to possess anti-
oxidative activity (Sakata, et al., 1990; Watanabe,
et al., 1993). Further studies on the antiviral

activity of the isolated compounds are in progress.

MATERIALAND METHODS

General :
The.‘H NMR. data for compounds 1-8
are shown in Table 1 and the PC-NMR data
compounds 158 aré shown in Table 2, The NMR -
spectra were run in CSDSN at room temperature
on a Brucker 500 MHz spectrometer. HMBC
and HMQC spéctra'were recorded on & Brucker
500 MHz spectrometer. ‘

Silica gel 60 for columm chromatography,
70-230 mesh, silica gel GF,,, for thin layer
chromatography, silica gel 60 PF,,, for
preparative léyer chromatography (E. Merck,
Germany) and solvents of technical grade were
used, Anisaldehyde-sulfuric acid spraying
reagent (modification b) was prepared according
to the method of Stahl (1965).

Plant material

Fresh aerial parts of C. nutans (Burm.f)
Lindau (Family Acanthaceae) were coliected
during October to December 1998, froem
Bangkok, Chanthaburi and Nakhon Pathom

Provinces of Thailand. The specimens were

 authenticated by the Botanical Section, Medici-

nal Plant Research Institute, Department of
Medical Sciences, where a voucher specimens
(Bansiddhi 432) was deposited. The leaves were
separated from the stems, washed thoroughly
and dried in an oven at 50 °C. The dried sample

was ground to powder.
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E"xtmction and Isolation .
- The dried powdered leaves (4.9 kg)

were sequentially extracted with hexane and

hloroform respectively. The chloroform extract
was concentrated in vacuo to give a residue (90.5
) ‘which was chromatooraphed on'a silica gel
6(_)_ column. The column was eluted successively
S}s/ith hexane-ethyl acetate (1:1), ethyl ac'etate,
ph_lc’:roform—eﬂzanol (1:1), and ethanol. Four major
fractions (I, 32.92 g; TI, 6.50 g; ITT, 30.51 g and IV,
4.90 g) were obtained by monitoring with TLC
'ftélueﬁe-pen-oleum ether 35760 °C-methanol-
methyl ethyl ketone 30:60:5:5). All fractions were
exmmned for anti-herpes simplex virus activities
'_by-_plaque reduction method. Fraction fand II,
.ﬁkfer'é selected for further purification. A portion
'of Fraction T (1.0017 g) was further sepa:ated
:by preparative thin- 1ayer chromatouraphy
:(hexane-ethyl acetate 7:3) to afford five fractions
; (A,O 0450 &; B, 0.0406 g; C, 0.0791 g; D, 0.0697 g
:;an_d_ E,0.1469 g). Fraction A (0.0450 g) was further
E"pilirii'iecl by preparative thin-layer chromatography
usmg the same developing solvent to give crude
f compound 1 (0.0105 g) and compound 2 (0.0098
g), which were recrystailized from methanol
(G 0052 g) and (0.0048 g), respectively (H- and
._”C-NMR. Table 1 and 2). Fraction B (0.0406 g)
was further purified by preparative thin-layer
_;:E:'_(':_Hromatography using the same developing
.b_lvent to give crude compound 3 (0.0105 g),
) '.hlch was recrystallized from methanol (0.0047
(*H- and BC-NMR: Table 1 and 2). Fraction
._ (0.6791 g) was further purified by preparative

Hin-layer chromatography using the same

eveloping solvent to give crude compound 4

(0.0136 g) (*H- and BC-NMR: Table 1 and 2).
Praction D (0.0791 g) was further purified by
preparative thin-layer chramatography using the
same developing solvent to give crude componnd
5(0.0117 g) and compound 6 (0.0113 g}, which
was recrystallized from methanol (0.0061 g) and
(G.0057 g), respectively (‘H- and BC-NMR:
Table 1 and 2),

Fraction IIT (30.51 g) was chromato-
graphed on a silica gel 60 column (8335 g), eluting
successively with chioroform, followed by
chioroform-ethanol gradient. Monitoring by
TLC using the same solvent system as mentioned
above, five fractions {A, 1.39 g; B, 0.80 g; C,
0.49 g, D, 6.13 g and E, 2.55 g) were obtained.
Fraction A (1.39 g} was purified by preparative
thin-iayer chromatography using chloroform-
methanol (9:1) as the developing solvent to
give crude compound 7 (0.3503 g). The crude
compound was further purified by preparative
thin-layer chromatography using hexane-ethyl
acetate (7:3) as the solvent system to provide
pure compound 7 {0.0285 g) ("H- and *C-NMR:
Table I and 2). Purification of fraction B (0.80 g}

. by the preparative thin-layer chromatography,

develeping with chloroform-methanol (9:1) and
recrystallization from chloroform-ethanol yielded
compound 8 (0.0136 g) ("H- and PC-NMR:
Table 1 and 2). The structures of compounds
isolated from the chioroform extract of C. nutans
leaves were elucidated on the basis of speciral
analysis, including DEPT, COSY, NOESY, HMQC
and HMBC. Thecompounds 1-8 were identified
as chiorophyll a and chlerophyll b derivatives.
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RESULTS AND DISCUSSION

The dried powdered leaves were
extracted in a soxhlet apparatus. The isolation
of compounds was performed by column
chromatography on a silica gel 60 column eluted
with appropriate solvents. Collection of fractions
was monitored by TLC on silica gel 60 GF25 .
using-anisaidehyde-sulfiric acid as a spraying
reagent. Further purification of isolated
compounds were carried out by PLC on silica gel
60 PF,,,, 1.00 mm thickness to give eight pure
compounds (Com}:o?xhds 1-8). Structores of
isolated compound were elucidated on the'basis
of spectral analysis, including DEPT, COSY,
NOESY, HMQC and HMBC. By comparison
of their NMR data with literature values,
compounds 1-8 were identified as chlorophyll a
and chlorophyll b related compounds,

. Comﬁoxmd 1 was obtained as a bright
green powder, The MS (ESI-TOF) mass spec-
trumn of compound 1 showed a molecular ion
peak at m/z 923.6 (M+1)+; CH,, N 0. Mg
requires 922.5. The 'H-NMR and “C-NMR data
of compound I were found to be closely similar
io those of compounds 3 and 4. It was therefore
proved to have a chlorin ring system like
compounds 3 and 4, except for the lack of two
NH protons for chlorin (dibydroporphine) ring,
Furthermore, the 'H-NMR and “C-NMR spec-
troscopic properties established the presence of
three downfield methine protons (8 11.01 for H-
5, 6 10.16 for H-10, § 8.92 for H-20), methyls
attached to C-2, C-12, and C-138, an ethyl at C-8
and an aldehyde at C-7' (Tables 1 and 2). The
BC-NMR spectrum of compour;d'_l displayed

io

four carbonyl carbon signals at & 194.9, 188.0,
174.0 and 173.5. The absolute configuration at
C-13% of compound 1 was further confirmed
by the cbserved correlations-of H-18} to H-13
and H-17 to H-13% in the NOESY spectrum of
compound 1 (Fig. 2). Difec’_c comparison of the
‘H—NMR and “C-NMR data of compound 1
{Table 1and 2) with those of the known compound
13%-hydroxy-(132-S)-chlorophyll b (Watanabe,

© et al., 1993) showed that they were closely

equivalent indicating that compound 1 15 13%
hydroxy-(13%-S}-chlorophyll b (Fig. 1.
Compound 2 was obtained as a bright
green powder, The MS (ESI-TOF) mass spec-
trum. The 'H-NMR and “C-NMR data of
compound 2 were found to be c-iosely similar to
those of compound 1. Direct comparison of the
'H-NMR and “C-NMR data of compound 2
(Table 1 and 2) with those of the known compound
13%-hydroxy-(13%-R)-chlorophyll b (Watanabe,
et al., 1993) showed that they were closely
equivalent indicated that compound 2 is 13
hydroxy-(13*-R)-chlorophyil b (Fig. 1).
Compound 3 was obtained as a green
powder. The IR spectrum present of amine,
hydroxyl, and éster functionai gfoups. Thé absc-
lute configuration at C-13? of compound 3 was
further confirmed by the observed correlations
of H-17' to H-13% and H-17* to H-13% in the
NOESY spectrum of compound 3 (Fig. 2). These
features indicated the structure of compound 3
was similar to the known compound phacophytin
a (Dcchaﬁwongsc;?t-ézia;_2001) except for the’
presence of analdehydegroup at C-7'. Thus
compoun_(_:lf?':..\:a}?:s..'i..déﬁtifii_é'_(_i_'_ré;_é 13%-hydroxy- -
(13°-S)-phacophytin b (Fig. 1).
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Compound 4 was obtained as a dark
reen amorphous solid. The IR, 'H-NMR and
3C-NMR éata of compound 4 were found to be

Josely similar to those of compound 3. Direct

;omparison of the '"H-NMR aad “C-NMR
fata of compound 4 (Table 1 and 2) with those
»f the known compound 13*hydroxy-(13*-R)-
shacophytin b (Mamo, et al., 1996) showed that
hey were closely equivalent indicated that
sompound 4 ig i32-hydroxy~(132-R)-phaeophytin
b (Fig. 1). '

Compound 5 was obtained as a green
powder. The IR spectrum showed the presence
of amine, hydroxyl, and ester functional groups.
The absolute configuration at C-13* of compound
5 was further confirmed by the observed corre-
lations of H-17'to H-13* and H-17% to H-13‘in
the NOESY spectrum of compound 5 (Fig. 2).
These features indicated the structure of compound
5 was similar to the known compound phacophytin
a (Matuo, ef al., 1996). Thus compound 5 was
identified as 13%-hydroxy-{13%-5)-phacophytin a
(Fig. 1). ‘

Compound 6 was obtained as a green
powder. The IR, 'H-NIMR and "C-NMR data
of compound 6 were found to be closely similar
to those of compound 5. Direct comparison of
the 'H-NMR and BCNMR data of compound
6 (Table 1 and 2) with those of the known
compound 13*hydroxy-(132-R)-phacophytin a
(Matuo, ef al., 1996) showed that they were
closely equivalent indicated that compound 6 is
}32—hydroxy-{132-R)-phaeophyﬁn a (Fig. 1)-

Compound 7 was isolated as 2 grayish
green solid. The 'H-NMR and “C-NMR spectia
of compound 7 {Tables 1 and 2) closély matched

. with those of compound 3 and purpurin 18
(Dechatiwongse, et al., 2001). The 'H-NMR

data comparison showed similarity to purpurin‘ '

18 with an extra phytyl ester proton side chain.
Thus compound 7 was identified as purpurin 18
phyty! ester (Fig. 1).

Compound 8 was isolated as dark green
powder. The 'H-NMR and “C-NMR spectra of
compound 8 (Tables I and 2) showed similarity
to that of the known compound phaeophorbide a
methyl ester (Dechatiwongse, ez al., 2001). The

'H-NMR spectrum of compound 8 however,

tacked the methyl ester signal at 33.57 (Table 1).

The HMBC spectrum of compound 8 (Fig. 3}
showed the interaction via multiple bonds between
C and H giving the support to the assignments.
Thus compound 8 was identified as phasophorbide
a (Fig. 1). '

In conclusion, we have discovered the
antiviral chlorophyll a and chlorophyll b related
compounds from C. nutans, an fmportant Thai
medicinal plant used for herpes infections in
primary health care. By using suitable analytical
methods, these compounds will be further used as
markers for qualitative control of the preparations
made from the plant extract, Further studies
on the antiviral activity and the use of these
compounds as markers are being conducted at
the Department of Medical Science 'Ministry of
Public Health.

11
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Table 1 '‘H-NMR chémical shifts of the compounds 1-8

Proton  Chemical Shifts in ppm (Coupling Constant in Hz)

1 2 3 4 5 -6 7 8
9! 327 s . 327 345 335 361 340 332 338
3! 826 dd J = 826 818 819 785 810 810 822
. © 0 11.65,10.9
3(E) -649 dd J = 649 654 6354 641 637 641 640
17.8,2.5 .
3 . 606 dd J = 606 621 621 625 618 620 621
oy oo DB B3 .
5 1091 s 1091 1101 11:00 991 970 9.66 -9.73
7t 11.57 s . 320 319 317 326
1157 1148 11.50
g! 418 ¢ J=7.65 418 419 422 376 3.66 371 375
g 175 tJ=755 175 1.81 1.83 173 1.68 1.69 1.71
10 10.06 s . 976 988 9.89 990
' 10.06 10.16 10.16
12! 368 s 368 372 370 3.87 373 3.8 369
1321 5 : 6.90
13*-0H 6.48 = 646 652 620 553 5.35
13%.0Me 3.74 s 3.74 385 385 3.69 371 3.93
17 5.14 m 554 523 541 524 577 546 459
18 449 dg J=173 450 467 460 441 460 467 466
ig! 156 dJ=695 156 174 171 161 174 174 1.86
20 8.55 s 857 892 889 874 893 884 836
2I-NH (br,s) -1.33 -132 -0.8% -1.48 011  -1.30

23-NH (rs) 0.66 068 078 067 038 0.89
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Table2 “C-NMR chemical shifts of the compounds 1-8

Carboen 1 2 3 4 kS 6 & 8

1 148.7 1486 1440 I50.0 1426 1426 1448 1427
2 149.5  149.5 1335 1355 1328 1328 1330 1330
2! 12.8 128 124 123 124 125 123 125
3 140.9  140.8 1375 1355 1368 1367 1379 1378

-3 130.9 1369 1295 1243 1299 1298 1203 1299
F 1208 1207 1230 1215 1234 1233 1230 1230
4 1373 1370 1374 1360 1363 1368 1380 1373 .
5 104.5 1042 1026 1049 987 986 1040 903
§ 1566 1564 1602 1520 1559 1561 1572 - 1564
7 1322 1318 1388 1343 1374 1374 1375 1373
7 188.8 1887 1880 1917 115 ILS 114 - 116
8 1433 1435 1482 1497 1462 1466 1470 146
g 1.9 19.8 19.6 187 191 193 200 200
8 199 196 196 187 180 130 200 200
9 1564 1562 151L.8 1502 1520 1519 1514 1520
10 1105 1099 1082 1146 1052 1051 10895 1055
t1 1304 1393 1381 1359 1379 1386 1325 1388
12 1314 1310 1388 1357 1297 1299 1408 1297
7% 128 129 1235 123 125 124 127 123
13 149.0 1491 1288 13585 1283 1281 1127 1301
13} 1654 1953 1949 1965 1946 1947 160.1 1903
13* 922 924 913 2.1 911 912 1650 659
15° 175.0 1744 1740 1728 1742 1733 170.8
13* 533 534 336 549 531 30 53.1
14 1632 163.8 1511 1504  150.7 1507 1408 1505
15 1107 1092 1110 1960 1117 1112 940 1069
16 1601 1604 1668 1525 1635 1635 1783 1630
17 508 504 515 518 517 513 560 528

17 31.1 31.0 32.4 31.1 211 ®4 324 312
17 KRN 31,0 327 31.6 12.3 32.7 33.6 32.9
17 1735 1733 1735 1736 1739  173.% 1736 1778

18 50.6 503 51.1 50.3 311 511 45.8 50.9
18 23.3 233 23.3 2249 23.1 23.1 24.4 25.6
19 1704 1717 1756 1787 1735 1730 1777 1738

20 941 942 951 951 049 918 962 946
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Fig. 1 Structvre of compounds 3-8
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Fig, 2 The NOESY correlations of compounds 1,2, 3,4, 5 and 6
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Fig. 3 The HMBC correlations of compounds 3, 5,7 and 8
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<herpes simplex activily

Three chiorophyll derivatives {phaeophytins}
nutans Lindau leaves by means of chromatog

chicrophyll b namely 13%nvdroxy-{ 13%-R}-phaeophytin b, 13%-hydroxy-
hydrexy-{13%-R)-phasophytin a These cam
plant, were shown to have an
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might be virucidal of interference with viral ads
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Srructure ejucidation of the isulated compounds was carried out on the hasis
[ these were known compounds with struerures related to chiorophyll a aned
132.S)pi-aeophytin 3 and 137
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ti-herpes simplex activity. They exhibited anti-HSV-1F aetivity at sublusic
[fected the virus before viral entry o the host celis. This efiet
orption of penetration.

® 2000 Elsevier Luk All rights reservad.

ntroduction

: Herpes simplex virus (H5V)} is highly inflectious and the preva-
nce of the anitibodies to herpes simpiex virus type 1 (H5V-1) and
:_zy'p'; 2 (HSV-2) in the normal populace was shown to be ag high as
(% and 55%, respectively.! Acyclovir, the antiviral drug of choice
for the treatment of HSV infection, is quite expensive and the con-
uniption of this medicine in Thailand is increasing at approxi-
ately 20% annually.

_t_‘;lina.canrhus nutans (Burm. f.) Lindau (Thai name: Phaya Yo or
haya Plong Thong)is a small shrub, native to tropical Asia, and of-
ten cultivated. C nutans has long been used in Thailand as a tradi-
ional medicine for the treatment of skin Tashes, insect and snake-
188, herpes simplex virus (HSV), and varicella-zoster virus (YZV)
e_zsi'c_ins. Txtracts from the leaves were reported [0 DOSSESS analgesic
nd anti-inflammatory activities,? antiviral activities against vari-
lla-zoster virus® and herpes simplex virus type-2.% Clinical trials
n"patients with genital herpes are also x‘eported.s'G However, neg-~
’:i_\_f_e results have also veen reported. Nonetheiess clinica trials
Ve reported the successful use of a C nutans preparadion (cream
_ lotion) for the relief of minor skin inflammation and insect bites,
ncluding treatment of genital herpes and varicella-zoster lesions
‘patients.t

orresponding author, Tel: +66 44 224302, fan: +66 44 224185,
-mail address: santi@sut.ac.th (3. Sakdarag).

$8-0826/5 - see front matier @ 2009 Elsevier Lid. All rights reservud.
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rochemicalty and chemically investigater
S jupeol, f-sitosterol, ' belutin!! si
aftoside, iue

i
b

€, nutans has been phy
and praviously stigrnasterol,
known C-glycosyl flavones, vitexin, isovisexin, sh
moiiupentin-?—O«B—giucopyranoside, prientin, isoorientin,
sulfur-containing glycosides,’, two elycoglycerelipids,!? s mixne
of nine cerebrosides and a monoacylmonogalatosylglyceml,"
been isolated. Oniy the two glycogiycerolipids have been showTi e
exhibit antivirat activizy.

The present communication reports 2 preliminary study initi-
sted by the Medicinal Plant Research Institute, Deparument uf
Medical Science, Ministry of Public Health on antiviral compouind
from C. nutens using bioassay-guided fractionation. The mosd
antiviraily active fractions were sejocted for further antivirai-
guided [fractionatien by means of chromatographic techniques.
This led to the isolation of three pure compounds, which weie
identified as chlorophyll a and chiorophyll b relatad comipounds
wothods, and the determination of their ani-

12

have

by spectroscopic 0¥
HSV-1 activity.

2. Results and discussion

es of Compounds 1-3 wers identified as chlorphyl
| b related compounds as follow {Fig, 1)

ohtained as a darl green amorphous soiid
130 NMR data of 1 were found fo be ciusely
rect comparison of the "t

The structur
2 and chiorophy]
Compound 1 was
Tise [R, *H NMR and
simnilar to those of compound 2. By di

&
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Figure 1. Structure of compounds 1-3.

NMR and *C NMR data of compound 1 with those of the known
compound 13*hydroxy-(132-S)-phacephytin b*™7 they were
found to be closely equivalent indicating that compound 1 is
132%-hydroxy-(13*-R}-phasophytin b (Fig. 1).

Compound 2 was-cbtained as a green powder. The IR spectrum
display signal of arnine, hydroxyl, and ester functional groups. The
absolute configuration at C-132 of compound 2 was further con-
firmed by the observed correlations of H- 17! to H-13% and H-17*
to H-13* in the NOESY spectrum of compound 2. These features
indicated that the structure of 2 was similar to the known com-
pound phaeophytin a.’% Thus compound 2 was identified as 13%-
hydroxy-(13*-5)-phasophytin a (Fig. 1).

Compound 3 was obtained as a green powder. The IR, 'H NMR
and *C NMR data of 3 were found to be closely similar to those
of compound 2. By direct comparison of the 'H NMR and '*C
NMR data of compound 3 with- those of the known compound
13%-hydroxy-<{12*-R)-phacophytin a'® they were closely equivalent
indicating that compound 3 is 132-hydroxy-{13%-R)-phaeophytin a
(Fig. 1) ;

To study the anti-HSV-1F activity, all compeounds were first sub-
jected to a determination of cell cytotoxicity. Results showed that
5.89, 6.21 and 5.21 1M of compound 1, 2, 3, respectively were the
maximal concentration which were not toxic to Vere cells. Subtox-
ic concentrations of each compound were used in anti-HSV-1F
study. DMSGC with the same concentrations m diluted compound
also did not affect the ¢zll viabitity. : 5

With respect to the anti-HSY-1F activity, subtoxic concentra-
tion of compounds 1, 2 and 3 exhibited 100% inhibition activity
‘as shewn in Figure 2150 of each compound was 1.96, 3.11 and
3.11 nM, respectively, When ail three compounds were further
evaluated for inhibition step of infection for the pre-viral entry
and post-viral entry step, 100% inhibition activity of all cempounds
was demonstrated in pre-viral entry step {Fig. 2). This inhibitory
effect on HSV-1F infectious dase at TOU0 PFUJML was time depen-
dent. Plague formation was completely inhibited ‘at 30 min of
virus-compounds incubation (data not shown). For post-viral en-

try, anti-HSV-1F activity showed about 30% of inhibition. Thes%
sul: suggested that these compounds affected on H5V-17 infeg
in the step before viral entry. _
Compounds 1-3 might interfere with the virion envelope s
tures or a mask virai glycoproteins, which ar2 necessazyg
adsorption and entry inte host celis, The virus might also b@
rectly inactivated by the compounds during incubation. The rgf
is simitar to the study by Schuhmacher et al. who showed that
virucidal effect of peppermint oil occurs on virus before_:_}
adsorption of HSV-1 and -2 to RC-37 cells.’® Liu et al. shoj
ant-HSV-1 effects in pretreatment and treatment during v
infection with GLPG proteogtycan which was extracted and p_'
fied from the mycelia of Ganoderma lucidum, They suggested |
GLPG inhibited viral replication by interfering with the ¢
events of viral adsorpton and entry into target cells. 2 This:
gested that an interaction between chlorophyl! a and chlorop
b relaved compeunds of € nutens and HSV-1 has a different m
anism from ACV, which is the woridwide drug usage for &
infection.
The three compounds inactivate HSV-1F before cell entry:
mechanisms may be binding of the compeunds to viral glyca
teins involved in host cell adsorption and penetration, wh_g;
the mechanism of ACV is interference with the viralDNA poly®
ase inside the infected cells.®! Therefore, these compounds ma§
used in a synergistic treatment of HSV infection in the futures

g
:
:

3. Experimentél

UV spectra were obtained with 2 Hewlett Packard 8452A dit
array UV-vis spectrophotometer, IR spectra were measured
Perkin-Eimer FT-IR 2000 spectrophotometer (KBr disk me
and Mass spectra were measured on a mass spectrometer (58
Hewlet—Packard) FAB-MS: glycerol as matrix. The 'H an
NMER, DEPT, COSY, NCESY;"HMQC, and HMBC spectra wer
corded with a Bruker DRX 500 spectrometer in pyridine-dyg
tion and chemical shifts are expressed in & {ppm) with referg
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ndently two times and data presented are the mean of three experiments.

ta the solvent signals. Silica gel 50 (70-230 mesh) and silica gl 60
PE 254 were used for column chromatography and preparative
Adayer chromatagraphy, respectively. Solvents of technical
‘grade were used for chromatographic purposes. Anisaldehyde-sui-
“furic acid spraying reagent {modification b) was prepared accord-

the method of Stahi (1965},

g

*lant material

Fresh aerial parts of C. nutans (Burm. £) Lindau {Family Acanth-

ég_e) were collected during Gctober to December. The specimens

re ‘authenticated by the Botanjcal Section, Medicinal Flant Re-

rch Institute, Department of Medical Sciences, where voucher

pecimens (Bansiddhi 432} are deposited. The leaves were sepa-

ed from the sters, washed thoroughly and dried in an oven at
. The dried sample was ground to powder.

Extraction and isolation

The dried powdered leaves (1.Ckg) were sequentially ex-
cted with hexane and chloroform, respectivély. The chioroform
ract was concentrated In vacuo to give a residue (18.7 g)
ich was chromatographed .n 2 silica ge! 60 column, The col-
mn was eluted successively with hexane-ethyl acetate (1:1},
_t_hy] acetate, chloroform-ethanol {1:1), and ethanol. Four major
_ _;tions {1, 6.65g 1, 140 g I, 6.24g and IV, 0.97 &) were ob-
ained by monitoring with TLC (toluene-petroleum ether-metha-
10l-methyl ethyl ketone 30:60:5:5) All fractions were examined
-anti-herpes simplex virus activity by the plaque reduction
thod. The most antivirally active fractions were selected for
utther purificaticn. A portion of Fraction I {1.0017 o) was further
eparated by preparaiive thin-laye chrematography (hexane-
thyl acetate 7:3) to afford five fractions (A, 0.0450g B,
0406 g; ¢, 0.0791 g D, 0.0697 g and E, 0.1469 g). Fraction C
0791 g) was further purified by preparative thin-layer chroma-
Ography using the same developing solvent to give crude com-
ound 1 {0.0136 g). which was recrystallized from methanol
0065 g} Fraction D (0.0697 £) was further purified by prepara-
¢ thin-laver chromatography using the same developing soi-

9113 g}, which were recrystallized from methanol (2.0061g)
d {C.0057 g, respectively.

'

1 to give crude compound 2 (0.0117 g} and cormipouwsl -

ire 2, Mode of‘inhibirory acrivities of chlorophyl 2 and chlorophyil b refated compounds against HSV-1F during different stages of the viral infection. Virus was treated
wirh'the maxima! subtogic concentration of the compounds, acyciovit or dextran su

|fate was used as a control in each of experiment, Experiments were repeated

3.3. 13%-Hydroxy-(13%-R)-phaeophytin b {1)

A dark green powder; FABMS m/z 901 [M+H]" (caled for
CasHopMNaO7); UVfvis (CHCls) Amax nn 412, 438, 520, 600 and 670
ET-IR {KBr) vmax CM™T: 3428, 2025, 2852, 1740, 1721, 1637 and
1300; '8 NMR and C NMR are ths same as thoese published
cara 18

3.4. 13*-Hydroxy-{13%-5)-phaeophytin a {2)

A bright green color; FABMS myz 887 [M+H|" {caled for
CesHyaN40g); UVvis (CHTl3) Amax NI 408, 506, 536, 613 and £70;
FT-IR (KBr) vmaxCm~1: 3430, 2924, 1747, 1620 and 1460; 'H
NMR and C NMR are the same as these published data.'®

3.5. 13%-Hydroxy-(13*-R)-phaeophytin 4 (3)

A bright green color; FABMS myz §87 {M+H]" {(caled for
CssHzaN405Y UVivis (CHCl3) imax nm 412, 507, 537, 612 and 658;
FT-IR (KBr) vmayCm™': 3429, 2995, 1740, 1617 and 1455 'H
NMR and *2C NMR are the same as those published data,'®

3.6. Anti-herpes simplex viral activity assay

The plague reduction assay was empioyed using Verc cell line
(African green monkey kidney cell ling) and HSV-] strain F (HSV-
1F). Subtoxic concentrations of the compounds were determined
before study of anti-HSV~1F activity. Briefly, Vero cells were secded
in a G6-well tissue culture plate af a censity of 2 » 108 cells per
well and incubated at 37 °C overnight. Then a cell monolayer was
cultured in medium with or withous serial twofold dilutions of
each compound at 37°C. After 72h of treatment, cells were
washed and stained with 3% crystal violet solution and dried al
room temperature overnight, Stained crystal violet was dissolved
in DMSO and ODgaq of solution was measured, The percentage of
cell viability was evaluated by comparing the OD value of sample
to that of a cell concral. Subtoxic concentration was the maximal
concentration which had OD as the cell control and was used In
anti-HSV-1F activity studies.

Egr the.study of anti-HSV-1 activity. 1000 PFU{mL of HEV-1F

3
were incubated with compounds at the subtoxic congentration
or acycovir (5 pgfmL) at 37°C for 60 min. HSV-1F in culturs
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medium and DMSO dijuted to a concentration as in compound
were used as viral and solvent control, respectively. After
60 min incubation, 50 pl of each mixture were adsorbed on con-
fluent Vero cefl at 37 °C for 1 h, subseguently the mixtures wers
aspirated. The infected cells and non-infected cells were cuftured
in medium with CMC containing compounds at 37°C for 72h.
The viral piaques were counted and the percentage of inhibition
was calculated as (100% x (C - THC), where € and T refer to the
plaque number in the absence and presence of the compound,
respectively. Compounds which had % inhibitory activity more
than B0 were further investigated for the step of inhibition:
pre-viral entry or post-viral entry, Each of compounds was di-
luted in serial twofold dilution and used in the expenment for
determination of IC50.

In pre-viral entry siep, the subtoxic concentration of com-
pounds and dextran_suifzte {1 mg/mL) were incubated with
1000 PFU/mL of HSV-1F at 37°C for various times (10, 30 and
60 min). HSV-1F in cultured medium and DMSO dituted to a con-
centration as in compound were used as viral and sofvent control,
respectively. After incubation, 50 pL of each mi.cture was adsorbed
on confluent Vero cell and incubated for viral adsorbtion at 37 °C
for 1h. After virus adsorption. the miztures were aspirated. The
celts were washed and cultured in medium containing CMC at
37 °C fér 72 h. The viral plagues were counted and the perceniage
of inhibitory activities of compounds and dextran sulfate on H5V-
1F in pre-viral entry step were calculated.

In the post-viral entry step, the confiuent Vero czlls were ad-
sorbed with 1000 PFU/mL of HSV-1F at 37 °C for 1 h. After viral
adsorption, the excess viruses were aspirated and the cells were
washed and cultured in medium with CMC containing subtoxic
concentration of compounds. The viral controls were cultured in
cultured medium with CMC and acyclovir was used as drug con-
trol. After incubation at 37°C for 72h, the viral plagues were
counted and the percentage of inhibitary activities of compounds
were calculated,

In conclusion, we have discovered the inhibitory activities
against HSV-1F in pre-viral entry step but not in post-viral entry
step of chlorophyll a and chlorophyll b related compounds from
C. nutans an important Thai medicinal plant used for herpes infec-
tions in primary health care. These compounds are shown to have
anti-herpes simplex activity for the first time in this plant. By using
suitable analytical methods, these compounds will be further used
as markers for qualitative control of the preparations made from
the plant extract, Further studie on using lhese compounds” as

markers are being conducted at the Department of Medical Sc1encg
Ministry of Public Health
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