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CHAPTER |

INTRODUCTION

The human lives are a

including plants. Increasin

elated to their surrounding environment
d to primitive medicinal plants to

find new substances w el actlvmes Typically red wine’s
health benefits initiallz received a geat dem"f-' g;;gpnon following the reports

indicating that M

cardiovascular dise 0- arados ine.contains a broad range of

o a lower incidence of

Recen , widely found in
medicinal plants found to be substantially
helpful for human h dative actions [5-7] and has
been discussed in substances which exerts an
anticarcinogenic effectiin a iwo-Siage mc r model [8] and shows tumor
growth inhibition in rat [9] RESY ore regarded as one of the important
candidates for tumor supp&:‘e;fsﬁ widely used as an additive in
food, cosm t})a,nd pharmaceutica @pllgomers have also
received coﬁsy _ nical and biological attention be . 35 of their structural
complexity as | as thei : bited such as antioxidative [11],
anticancer [4, 1Iﬁant| HIV [13], antibacterial [14] and antln‘La[oblaI effects [15].

Plants beloﬂ’gﬁo the Dipterocarpacédefamily, most of which are distributed

SHIARUNERUARY

previous researches [16-18]. Severdl structural stllbe ids have been |solat

4 WTANIL AT

colon cancer cell lines [4]. Dipterocarpaceae plants are, therefore, considered to be
useful sources of lead compounds for drug development.
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Shorea roxburghii G. Don, an evergreen canopy species [20], is widely
distributed in many parts of Thailand. Its bark and flower have been used for various
medicinal purposes. Consequently, it was chosen as the subject of the present

investigation due to the attractive results of preliminary screening test based on DPPH

plant have not been reported.

1.1 Biosynthesis pamﬁ\@\?\n‘oﬁ//{//’jf

nique class logically active natural products

stilbenoid) (1) - the
d of two phenyl rings

radical scavenging activity. The che i[a constituents and biological activities of this

Stilbenoids repre
produced primarily b
stilbenoids is

stilbenoid nucle

: of, four: henylalanine ammonia
lyase (PAL), cinna y g A’ 8 (C4H), 4- rate CoA ligase (4CL) and

TR
phenylalanine into p-courﬁéﬁ“éﬁﬁ‘ acid). The third enzyme, 4CL,
attaches p-coumaric acid t ‘fﬁj tetheine:

4-coumaroyl?@j)fn‘l5:AL', C4H and 4CL are membe o@on phenylpropanoid
pathway in plantszwimen=syninesizes=the=maj jority of phenc 5iie Gompounds found in

nature, includi g ic ins fo ,,ah%ﬁocyanins as pigments
ay, STS, catalyzes the
condensation of Wrﬂone molecule of 4-Waroyl-COA and three molecules of
malonyl- : i I IS, pn through a

has ea'ensive homology to chalcaae synthase (CHS). CHS is responsible for the

T AR E A WANR AR (AN R

species that accumulate 1 and related compounds.
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Figure 1.1 Biosynthesis pathway of resveratrol and its derivatives diverged from the
flavonoid pathway after the third malonyl-CoA condensation. Cyclization of the
polyketide intermediate catalyzed by stilbenoid synthase (STS) to yielde resveratrol.



In addition, many stilbenoids are believed to be the products of a successive
series of oxidative couplings of resveratrol radicals. Recent efforts to identify the
enzymes responsible for the biotransformation of 1 have uncovered at least two
stilbenoid-metabolizing peroxidases as likely catalysts. Morales and colleagues [24]

affinity for 1 in an acidic m readily oxidizes 1. The more common

have identified a possible candldate e ]ldase isozyme that has demonstrated a high

le of the proposed free-radical

plant derived resveratr ”
mechanism for the foﬂhjh' ion.of the stljenm
ﬁ

Figure 1.2 The proposed biosynthesis for the dimerization of resveratrol to e-viniferin.

1.2 Stilbenoid constituents- cae species and their biological

activities y 2 N |
) 4 r~
In 1665, Cogyoii el ai. iepoited Uie Tiist natuiaily

ccurring resveratrol

tetramer, (-)-hGpeap sea-odorata belonging to the

e painstaking efftjts during the past half
century, the resea‘ch of stilbenoids has be Iowerlng in the recent years. The

MoR IR 'mmm&m e

famllm Dipterocarpaceae [26], Vitaceae [27], Cyperaceae [28] and Gnetaceae [29].

TR

genera, and have various structures as dimer, trimer, tetramer, hexamer, heptamer and

Dipterocarpacelae family [25]. B

octamer stilbenoids, containing various molecular frameworks as a result of different

condensation of the resveratrol monomer.



Common stilbenoid monomers, dimers, trimers and tetramers found in
Dipterocarpaceae plants including resveratrol, dihydroresveratrol, ampelopsin A and

F, balanocarpal, £and a-viniferin, vaticanol A and G, and hopeaphenol (Figure 1.3).

aIarEjrpaI
g el
(0, Qo O ]
NINY

ampelopsin F ¢ £2s-viniferin L 74
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Among the isolations, the highest condensed oligomers were resveratrol
tetramers. As part of an ongoing search for much higher condensed stilbenoids, Ito et

al. reported the first naturally occurring resveratrol hexamer and heptamer, vaticanol |



and vaticanol J (Figure 1.4), isolated from stem bark of Vatica rassak [30], and
resveratrol octamer, vateriaphenol A (Figure 1.5), isolated from stem bark of Vateria
indica [31].

HO

ﬂUEI’JVIEI NS
QW'] mnmwmwma d

Figure 1.4 Structures of vaticanol | and vaticanol J.




stilbenoid  oligomers,
hemsleyanosides A-D (Fi '1.6), are'th e occurrence of oligomeric
stilbenoid C-glycosides solate e bark of Shorea hemsleyana [16].
Interestingly, commonly found in the family
Dipterocarpaceae, which nave w—\ nstre ious biological activities such as
ampelopsin A, sho ighest cytotox inesteukemia P-388 cells
[19], vaticanel"A.shown.antibabesial-activity-againstd Dalesi a-gllsoni [32], a-viniferin
exhibited ~afitifrf £
exhibited on mljﬁne tyrosinase . Another stilbenoid, nedla'Jpnsinol B (Figure 1.7),
was recently |solaed from the stem of Ko resia nepalensis. It showed a potent

LTI

potermctlwty with an 1Cs value ofé) .02 ug/mL [36]

qmmnmumwmaﬂ

4], and hopeaphenol



ANIRINTUNAIANIIND



10

1.3 Botanical aspect and distribution

Dipterocarpaceae is one of the largest families found in the Southeast Asian
forests. The plants are widespread throughout Thailand, there for the timber of these
plants are usually called “meranti”. Most plants belonging to this family are
extremely tall and have buttress & c’ts supporting a smooth and straight trunk.
ut, 1

Dipterocarpaceae consists of r 600 species [37]. The two biggest

genera of this family are™ d".Di ﬂ having 150 and 75 species,

respectively [38]. ‘-——\-~\..___; ——

o — A e R R
Shoreahﬂy/mm is Wmerous highly prized

Dipterocarpaceae speci
Distributt

forests in Myanmar, Thailand,

forests or evergreen

lic, Malaysia, Vietnam

Botanic large-sized tree that
reaches from 10-2 n reach to 30 m in height
and produce bol€s in y be present or absent
The sapwood and ifferentiated by colour; the
sapwood is yellowish, _ rk yellow or reddish-brown, usually
with dark-coloured lines obﬁé‘éﬂ‘faéf he wodd is rather hard and heavy, with a
density of 0.8-0.93. It is qu&tpfsgyp L .9 bark is 2-2.5 cm thick, gray and

rather deepl)ﬂﬂssured the inner bark éJa
slender, naked.orhatry;-and-darkiy _- ................... imple; alternate, oblong to

ded or shor d tzases They are 18-21 cm
long and 11-1ﬂ\ wide o”n ung trees and 8-14 cm long a@_ﬁ-? cm wide on mature
trees, usually naked &both surfaces, but wtlmes shortly hairy below. Lateral

R
QRIS IR N

appendage. Ovaries are glabrous and topped with a 3-lobed stigma. This obovate

nds. The twigs are

elliptic, with 7 1

fruits of this species are 12 mm long and 5.5 mm wide, and bear 3 wings from 4.0-8.5
cm long and 1 cm wide. The long wing exhibit 11-14 parallel veins, and the two

shorter wings reach to 4 cm long [39].
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Vernacular: Pha-yom (wzaian), Kha-yom (2z2@3), Yom (zes) and Siao (i@en)

&

13 WENIN 3

\j Eb;\‘ ML._In
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Figure 1.8 The stems, barks, leaves, flowers, fruits and seeds of S. roxburghii.
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1.4 Biological activities

1.4.1 Antioxidant activity
There are many methods or models to determine the antioxidative properties
of the compounds. DPPH is selectes%;

scavenging activity because. .t
sensitive, and require lit 1s_classified as nitrogen centered

wmrature beca rtual of the delocalization of

the spare electron over th ule. dﬁal.sgwof plant extracts against
stable DPPH was de . DPPH radical reacts with

antioxidant co I ._ ' I nts scavenging DPPH

ctivity directed fractionation of free radical

convenient, reliable, inexpensive,

radical and stable at

radical by con PPH . picrylhydrazine). The
changing of color et 1o light v measured at 517 nm on a
visible light sp - Radical scavengi i eported in term of 1Cs

compounds, if they are lgtm:es@ _'_ pingsa therapeutic that targets rapidly
=2 \
dividing can*ogr cells, for instance; i ryt’s”‘ from initial high-

throughput "'_ g a investing in their
development a"‘ pharmace i Isn%é monitored using the
MTT or MTS gay This assay measures the reducing poU]tlaI of the cell using a

colorimetric reactigh. &ble cells will reduce@ MTS reagent to a colored formazan

DA e ) B

order% monitor their viability, r earchers have developed assays that use ATP

QTR AT Y

Cytotoxicity can also be measured by the sulforhodamine B (SRB) assay, WST assay
and clonogenic assay. A label-free approach to follow the cytotoxic response of
adherent animal cells in real-time is based on electric impedance measurements when

the cells are grown on gold-film electrodes. This technology is referred to as electric
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cell-substrate impedance sensing (ECIS). Label-free real-time techniques provide the
kinetics of the cytotoxic response rather than just a snapshot like many colorimetric
endpoint assays.

follows:

urify-campol ne crude extract of the roots of
S. roxburghi é

2. To identify}_m_'—' f mpounds
3. To evaluate th cal scavendg ctivity and cytotoxicity against

*\.\
HeLa S.

ﬂUEI’JVIEIﬂ?Wﬂ’]ﬂi
qmmnmummmaﬂ



CHAPTER I

EXPERIMENTAL
2.1 Plant material
The roots of S. ro

W

Walai Rukhavej Botanlcmj_ archmstlt

voucher specimen

rom Mahasarakham Province of

Khumkratok, a botanist at the

ham University, where a

NMR corded v [ odel Mercury” 400
spectrometer oper SEWAN Hz for *C NMR and a
and 100 MHz for °C
NMR. The chemi ' ' . S'a e rence to the signal from
the residual protons i S F VS ed as an internal standard in
some cases. Most i “fesearch we mmercial grade and were

x LH=20 and silica gel 60 Merck cat.

No. 7730, 7734 and 7749 Vere-used- for-guiek: column chromatography, preparative
et s :
TLC, open column hromaiogra E'ﬁ\ ifugal thin layer chromatography

(Chromato@ ___ was performed on

precoated I\Aer | e_r). ESIMS data were

obtained from ﬂmas 2000; High resolution mass
spectra were recorded by Micromass LCT and Bruker I\}I-IEROTOF models. UV-

visible adsorptlon‘sﬁum were recorded @n” UV-2552PC UV-Vis spectrometer

vl Ruiichiwh (oul il i

Apparatus. IR data were obtained ffom a Nicolet 67OET IR spectrometer (

A RIS I N TINET &t




15

2.3 Extraction and purification

The air-dried roots of S. roxburghii (2.0 kg) were successively extracted in a
Soxhlet apparatus with CH,ClI, and followed by acetone (each 500 mL, 24 h). The
acetone soluble part was evaporated under vacuum to yield 105.4 g. The acetone
crude extract was fractionated by v liquid chromatography (VLC) over silica
gel (Merck Art 7730) usm {‘ tOAc and MeOH with increasing
polarity to afford six fr c }

The VLC fr S chr ma
stepwise gradient SW 3
four fractions (B1-B4 10 10 Sephadex LH-20 using a
. fractions (B2-1-B2-3).

n silica gel using

silica gel column using a

OH as elutlng solvents, to provide

stepwise gradi
Fraction B2-2

centrifugal thin chron}‘atﬁg /.ap :j? ( ) with the eluent of
CH,CI,/EtOAc/MeOH 0% 510G e P nol (4, 8.0 mg).

f.i’ w o F
Fraction B3-3 o] e [ ==6 hromatotron  eluted  with
CH,CI,/EtOAc/MeOH (89*1041}},:;/ e ), fractions (B3-3-1 and B3-3-2).

Fraction B3- ?'lj ylelded roxburghiol A( - 10.2 m ol E@-s-z was purified by
preparative L 5‘...,_,_._.,._..,._._._._..u;.___;.;__;__; ————— :.. ing solvent, to yield
i G(6) g

Slmllarlﬁthe VLC fractlon C was chromatograp on silica gel column
using a stepwise ﬁrﬁnt elution of CHZCQIEtOAc and MeOH to obtain five

PR RPN (i 43 e

obtalmour fractions (C2-1-C2-4). eFractlon C2-1 yielded vaticanol A (7, 43.6 mg)

AT aYor ik tabzk]

CH,CI,/EtOAc/MeOH (70:20:10 and 70:15:15) as eluting solvents, to give
hopeaphenol (8, 25.5 mg) and isohopeaphenol (9, 8.9 mg). Fraction C3 was
chromatographed on silica gel column using CH,Cl,/EtOAc/MeOH (70:20:10 and

-i
5.5 mg of vitis
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60:20:20), and 100% EtOAc as elution systems, to obtain three fractions (C3-1-C3-3).
Fraction C3-1 was purified by Chromatotron using a mixture of
CH,CI,/EtOAc/MeOH (70:20:10) as eluting solvent, to yield apigenin 7-O-glucoside
(10, 13.0 mg). Fraction C3-2 was also purified by Chromatotron eluted with
CH,CI,/EtOAc/MeOH (70:20:10 a :15:15) to afford trans-piceid (11, 5.3 mg)
and trans-3,5,4'-trihydroxystil : ceside (12, 32.0 mg). Fraction C4 was
subjected to Chromato gzMeOH (70:20:10), and further
purified by preparativé@g Cl-‘liICIzl DH (80:10:10 and 70:15:15) as
eluting solvents, to afford neoi opehenohﬁpus%mg).

Finally, the V ! ‘

»30:10 and 60:20:20), and

as chromatographed on

n silica gel column using
a gradiant sys
100% EtOAc to _
silica gel column usi VIeOH\(70:20: 0 obtain two fractions

eparative TLC using a

gradiant system of LLH, e : \ :10 and 60:20:20) to give
balanocarpol ( . 1-2 was also p \-o py preparative TLC using
CH,CI,/EtOAc/Me : :\ :30°20) as eluting solvents, to give gnemonol

K (15, 3.9 mg). :
The identification G {..-:. ated” inds was determined by means of
various spectroscopic methods ine ’ ; D and 2D NMR techniques as well

s from the acetone

- piﬁ _______________________ — ——

d,:m chemes 2.1 and 2.2.

l
ﬂUEJ'JVIEmTWEJ’lﬂi
QW']Q\‘]ﬂﬁﬁUﬁJ‘lﬁ']’mEl’mﬂ

crude extract o



CH,CI, crude extract
(28.5 ¢, 1.43 % wiw)

¢

Aus

QRIALAIHUNI AN

Marc

Soxhlet with acetone

i

INYNINYINT

Marc
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-———- e Vaeﬁu-m-l-l-q-uiid chromatography (VLC)
-
S
| \\\Q\k S
A B \ “‘.\Ih E F
20%EtOAC/CH,Cl, 50%EtOAC/CH,Cl, tQAC/ L | e 20%EtOACc/MeOH 100%MeOH
- CC SiOy, % CH,CH/ ! -,S:/ \
I ‘
Aoy ¥ \
Bl B2 7] ' B3 B4
DA
- Sephadex LH-20, R 5 - Sephadex LH-20,
% CH,Cl,/MeOH evinifer e % CH,Cl,/MeOH
) i g
B2-1 ‘ B2-2 B2-3 i R J| B3-2 B3-3 B3-4
- Prep TLC, _J - Chrom totron, - Chromatotron,
CH,CI,/EtOAc/MeOH CH Clz/EtOA MeOH CH.CI,/EtOAc/MeOH
(90:5:5) (80:10:10)
L) Ny
melanoxylin A (1), 5.2 mg |n;;n!h!n(g(4) 8.0 mg CH,Cl,/EtOAC/MeOH
caragaphenol A (2) 4.5 mg (80:10:10)

q ceme

AN

mwﬂﬁﬁ?ﬂﬂﬂ

acetone crude extract. vitisinol G (6), 5.5 mg

a Proxburghiol A (5),8.0mg

8T
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C1

C2

- CC SiO,,
CH,CI,/EtO

C2-2

vaticanol A (7),

43.6 mg

C4

C5

- Chromatotron,
CHzClz/EtOAC/M eOH
(70:20:10)

- Prep TLC,

CH,CI,/EtOAc/MeOH
(80:10:10, 70:15:15)

(70:20:10) L\ y-
- Prep TLC, " &=

CH,CI,/EtC Xc/Me

(70:20:10, 70 J5:15)

i:;’ﬁsss:sa:,:é?%gi%ﬁgq_j )
7_
ARG d Y

neoisohopeaphenol A (13),

14.8 mg

I/E OAC /MeOH
70:15:15)

trans 3,5,4'-trihydroxystilbene 2-C-

'Li'gkans -piceid (11), 5.3 mg

-glucoside (12), 32.0 mg

GBI e

Scheme 2.2 Isolation procedure of the acetone crude extract. (cont.)

67T
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- ;-G-SC__';QHZCIZIEtOAc/MeOH (70:20:10, 60:30:10, 60:20:20),

100% EtO/

AN
R
AN
D1 EZANN D3
- CC SiOy,
CH2C|2/EtOAC/M eOH
(70:20:10)
D1-1
- Prep TLC,
CH,Cl,/EtOAC/MeOH A Clo/EtOA /M eOH
(70:20:10, 60:30:10, 60:20:2(% '3 JZO)
balanocarpol (14), 4.8 mg _Ij gnemono , 3.9 mg \
AUYANYNINYINT
U

¢
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ﬂW']ﬂ\‘lﬂifUﬁJW]’mEJ’]ﬂﬂ

roxburghiol A (5 vitisinol G (6)

Figure 2.1 Isolated compounds from the roots of S. roxburghii.
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Figure 2.1 Isolated compounds from the roots of S. roxburghii. (cont.)
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\\\\ ’///

trans-piceid (11)‘_._____ trans 3 stllbene 2-C-glucoside (12)

onol K (15)

@ghii. (cont.)
J

41 0
2.4 Bioassay p ocedure E]l
2.4.1 DP
ﬂT C ap C 'ﬁ “ ﬁ
W, -Diphenyl-1-picrylhydrazyl (DPPH) radical as a TLC spray reagent was
confirmed to be well suited for th‘screenlng of antigxigants in crude plant eXtrécts.

I TR AN fiEA

appear as yellow spots on a purple background [45].
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Spectrophotometric method

After isolation and purification, activities of pure compounds were quantified
in this assay. Various concentrations of sample dissolved in methanolic solution (50
puL) were added to DPPH radical methanolic solution (0.3 mM, 200 pL). After
incubation for 30 minutes at roo perature in the dark, the absorbance was
measured at 517 nm with a I T r tometer. All tests were run in triplicate
e % f;s evaluated from the decrease

ollowing equation.

(A Aplank)] x 100

ﬁ

STt oncentration of sample

2.4.2 The ' S L4 and KB cell lines by MTT

colorimetric as 140 \
All tested camp ' were subjected to cytotoxic evaluation
_ J  ania \ _ _
against KB (human ep 'Aﬁ\n‘? d Hela (fuman cervical carcinoma)

g

cell lines employing Adriamycin was used as standard

antibiotic antitumor agent ﬁ;-*m ibits activity against KB and HelLa cell lines
according to-the met fKongkal P el ‘ sa)‘/cv‘vas kindly performed
by Natural qmzxmz.mmzmzmrzr:::h al Cancer Institute,
Thailand. %/ E.&‘

Ul
AUINENINYINg
RIAINTUUNIINYAY
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RESULTS AND DISCUSSION

Wf??} crude extracts

‘ude ext

3.1 Preliminary bioassay scr

Antioxidant activ = C
The dichloqmatiana-and
preliminary evaw
with 2,2-diphen

extracts are shown i

aceire cr S. roxburghii roots were

autgra - f “ reening of antioxidants

(@ \\\\~ results of both crude

stone-crude extract ——— Dichlorometh e grude extract
4l N

— el
Figure 3.1 Tﬂg results o sed on DEEI!—I radical scavenging
activity of drchlor%nethane and acetone crude extracts.

ALY AINGIDT-

dlchlmmethane crude extract (Flgure 3.1). Therefore the acetone crude extract was

QW’TMI’T‘?WNW]’WIEJ’]&EI



26

3.2 Properties and structural elucidation of isolated compounds

3.2.1 Roxburghiol A (5)

Roxburghiol A was obtained as an optically active brown amorphous powder,

[a ] -66.0° (c 0.20, MeOH). Th U ctrum (Amax 315 nm) revealed the presence

of a highly conjugated syst h molecular formula of CagH200s
was deduced from the n a 4 [M+H]" (calcd for CagH20O0s,
453.1370) and NMR?‘E?--—- :—-—""

0 sets of ortho-coupled

The H W

protons in the A,B

eyl moieties (rings A; and B;)
1z, H-3a, 5a) and & 7.23

(2H,d,J=8.4 , and two sets of meta-

coupled protons i ings (rings A; and By)
at § 6.23 (1H 4,7 -14a) and 5 6.25 (1H,
d, J = 1.6 Hz, H- 4 - - . H- b)."A, set of mutually coupled
aliphatic methine proons f A Bz, H7a)/4.05 (1H, d, J = 4.4 Hz
H-8a), 7). land five phenolic hydroxyl

d -~ ‘.'
‘l\-{s \""f JJ‘ "_

and 8.38 (2H, br s, OH-4b,

Qﬁd HMBC spectrum.

: a( ), H-7a/C-11b, H-8a/C-
10a, H-8a/C- QgH 12a/C-10a, H-14a/C-10a, H-8b/C-10a, “H-8b/C-1b, H-8b/C-10b,
H-8b/C-14b, H- Zlﬁﬁ?b revealed the confiegtion between C-1a/C-7a, C-8a/C-9a,

gw SRERINEANT:.

aracteristics of a resyératrol derlvatlvhcontalnlng a i yI-

9 WA TINE &

The absolute configuration of 5 was assigned based on the circular dichroism

(CD) spectroscopic evidence. The CD spectra of 5 (Figure 3.4) exhibited the Cotton
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signal at 232 nm (A&-23.8 (c 20.0 uM, MeOH)); the sign and wavelength maxima are
consistent with similar one, (-)-&viniferin (CD (c 32.8 uM, MeOH) nm (A¢): 236
(-24.8)), two chiral centers of which have been assigned as absolute R configurations

[48]. The structure of 5 has the same absolute configuration as (-)-&-viniferin. Thus,

this new stilbenoid was named as“ ”I A (Figure 3.2).

TS

\
o_!r- "Q\ \\
%

\ (5,"new compound).

-

i
~
|

=

@Ta;ﬁo e
ﬂUEI'JVI NEIINS

ammnmunwmaﬂ

Figure 3.3 Selected HMBC (arrow curves) and COSY (bold lines) correlations of 5.

"‘s/
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Table 3.1 NMR data of 5 in CD;COCD3 (400 MHz for *H, 100 MHz for *3C).

Position dc S (mult, J in Hz) HMBC
la 133.7 - -

2a, 6a 126.9 7.28 (2H, d, J=8.4 Hz) C-4a, C-7a
3a, ba 115.4 6.81 (2H, d, J=8.4 Hz) C-1a
4a-OH 157.4 8 50 (1H, s) C-3a3, ba
7a 85.0 J 4 4 Hz) C-23, 6a, C-11b

8a 53.2 Hz) C-10a, C-9b

9a 1340 \ i

10a 115.0% -
11a-OH 157 S C-10a, C-12a
12a C-10a, C-14a
13a-OH . C-12a, C-14a
14a C-8a, C-10a, C-12a

1b -
2Db, 6b C-4b, C-7b
3b, 5b C-1b
4b-OH C-3a, 5a
7b

, C-1b, C-10b, C-14b

8b
9b

10b .

11b -

12h C-10b, C-14b
13b-OH C-12b, C-14b
14h C-10b
Melanoxylif) - \~(1) [49]: yellow amorphous powder; *H i IR (CDsCOCDs, 400

MHz)SGQ?ﬁ d, J=-8.8 Hz, H-3a, 5a), 5.60
(1H, brs, H-7a),.4.05 (1H, brs, H-8a), 6.30 (1H, brs, H- 12«]“16 10 (1H, brs, H-14a),
6.81 (2H, d, J = 8 Hay H-2b, 6b), 6.52 (2H,@,J = 8.8 Hz, H-3b, 5b), 5.09 (1H, brt,

AUH NN

11a), 8:52 (1H, s, OH-13a), 8.20 (@H, s, OH-4b), 8. &m s, OH-13b). *

o WALl el t-a Fl ol G 43

12a), 158.5 (C-13a), 104.5 (C-14a), 133.6 (C-1b), 127.7 (C-2b, 6b), 114.6 (C-3b, 5b),
157.2 (C-4b), 35.0 (C-7b), 32.9 (C-8hb), 142.6 (C-9b), 118.1 (C-10b), 158.7 (C-11b),
94.79 (C-12b), 154.3 (C-13b), 108.1 (C-14b).
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Caragaphenol A (2) [50]: reddish amorphous powder; *H NMR (CDsCOCDs, 400

MHz): & 6.89 (2H, d, J = 8.4 Hz, H-2a, 6a), 6.55 (2H, d, J = 8.4 Hz, H-3a, 5a), 5.72

(1H, d, J = 3.5 Hz, H-7a), 4.33 (1H, d, J = 3.5 Hz, H-8a), 5.89 (1H, d, J = 2.0 Hz, H-

12a), 6.05 (1H, d, J = 2.0 Hz, H-14a), 6.74 (2H, d, J = 8.4 Hz, H-2b, 6b), 6.60 (2H, d,

J = 8.4 Hz, H-3b, 5b), 4.41 (1H, d, 1 .0 Hz, H-7b), 4.33 (1H, d, J = 11.2 Hz, H-
A

8b), 6.21 (1H, d, J = 2.5 Hz, d.J = 2.5 Hz, H-14b), 6.80 (2H, d, J =
ﬁfﬁ (1H, s, H-7¢), 6.12 (1H, d,
S

8.4 Hz, H-2c, 6¢), 6.6

J = 1.5 Hz, H-120), #3C NMR (CD3COCDs, 100
MHz): 5 131.1 (C-1a), 1
58.0 (C-8a), 142.0 (C- . ), 150, 945 (C-12a), 158.9 (C-13a),
103.8 (C-14a), '

(C-7b), 58.0 (C

57.07 (2H, d, J = 8.8 Hz, H- “, - .‘ ( = 8.8 Hz, H-3a, 5a), 5.29 (1H, d,
=T T s
J = 5.2 Hz, H-7a), 4.34 (11-1,-38&3:‘_" 8), 6.11 (3H, brs, H-10a, 12a, 14a),

7.04 (2H, d, J = 8.4 Hz, H-25/6p); 6.6 bzgﬁ,s@ Hz, H-3b, 5b), 6.78 (1H, d, J =
16.4 Hz, Hfbhazsﬁ(lHdJ 16.2 Hz, H-8b, ~ 6 Hz, H-12b), 6.59
(1H,d, J = 1.2 B740°(1H7S-OH:42): 846 (2Hisy O 112, 132), 8.44 (1H
s, OH-4b), 8.3 h\s, o s, 1a'n Hz): § 132.9 (C-1a),

127.0 (C-2a, 6a),/115.2 (C-3a, 5a), 157.3 (C-4a), 92.9 (C- 7*55.156 2 (C-8a), 146.5 (C-
9a), 106.0 (C-10ag14a), 1589 (C-11a, 13a ), @02 (C-12a), 135.5 (C-1b), 127.8 (C-

U EINHNING AT
aw:wnmwﬁ mﬁé‘ﬂ

(1H, brs, H-7a), 6.47 (1H, brs, H-12a), 6.25 (1H, brs, H-14a), 6.92 (2H, d, J = 8.8 Hz,
H-2b, 6b), 6.52 (2H, d, J = 8.8 Hz, H-3b, 5b), 5.12 (1H, brs, H-7b), 4.69 (1H, brs, H-
8b), 5.33 (1H, brs, H-12b), 6.15 (1H, brs, H-14b), 8.77 (1H, s, OH-4a), 8.72 (1H, s,
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OH-11a), 8.38 (1H, s, OH-13a), 8.72 (1H, s, OH-4b), 8.01 (1H, s, OH-13h). *C NMR
(CDsCOCDs3, 100 MHz): § 126.3 (C-1a), 131.2 (C-2a, 6a), 115.8 (C-3a, 5a), 158.9 (C-
43), 87.4 (C-7a), 74.0 (C-8a), 128.7 (C-9a), 119.2 (C-10a), 156.1 (C-11a), 104.4 (C-
12a), 156.5 (C-13a), 110.3 (C-14a), 130.1 (C-1b), 129.3 (C-2b, 6b), 114.5 (C-3b, 5h),

155.8 (C-4b), 47.5 (C-7b), 71.5 (Cij /49 2 (C-9b), 62.6 (C-10b), 170.0 (C-11b),
14

102.1 (C-12b), 186.1 (C-13b %

Roxburghiol A (5)

-_236 °C; [a]%-66.0° (c 0.20,
e —

MeOH); UV (Me
2925, 2856, 1606,
m/z: [M+H]" 453.1
MHz) and *C

; IR bands (KBr): 3399,
= positive ion HRESIMS
NMR (CD3COCD3, 400
le 3.1.

ncle 3COCD3, 400 MHz):
57.20 (2H, d, J =48. 672 dW =18.0 Az, H-3a, 5a), 6.26 (1H, d,
J = 3.6 Hz, H-7a), 4 & 356 Hz)H#Ba),16.55,(LH, brs, H-12a), 6.26 (LH,
brs, H-14a), 7.20 ‘ / d, J = 8.0 Hz, H-3b, 5b),
7.20 (1H, brs, H-7b), brs, H-14b), 8.45 (1H, s, OH-
43), 8.46 (1H, s, OH-11a, 1 -.,;...._ Ab), 8.11 (LH, s, OH-13b). °C NMR

(CDsCOCDs, 100 MH2): 5" ‘m _f, C2a, 62), 115.3 (C-3a, 5a), 157.4 (C-
4a), 85.0 (qLﬁ) 51@(0 11a, 13a), 101.9
(C-12a), 104,94 8 (C-3b, 5b), 157.0 (C-
4b), 130.2 (c-ﬁ 138, -10bﬁ158.6 (C-11b), 96.2 (C-
12b), 157.8 (C* b) 106.0 (C-14b). '

furiinvdnong..

Hz, H-7a), 437 (1H, d, J 3.9 Hz, H-8a), 5,94 (1H, d, J = 2.0 Hz, ji-12

9 RIRIN IR TINYARS

6.41 (2H, d, J = 8.4 Hz, H-2c, 6¢), 6.23 (2H, d, J = 8.4 Hz, H-3c, 5¢), 3.50 (1H, brs,
H-7¢), 4.05 (1H, brs, H-8c), 6.13 (2H, brs, H-10c, 14c), 6.06 (1H, brs, H-12c). *C
NMR (CDsCOCDs, 100 MHz): § 133.6 (C-1a), 127.2 (C-2a, 6a), 115.3 (C-3a, 5a),
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157.8 (C-4a), 85.8 (C-7a), 49.5 (C-8a), 143.9 (C-9a), 118.5 (C-10a), 157.6 (C-11a),
100.5 (C-12a), 156.1 (C-13a), 102.4 (C-14a), 137.9 (C-1b), 128.4 (C-2b, 6b), 114.2
(C-3b, 5b), 155.7 (C-4b), 35.3 (C-7h), 47.9 (C-8h), 144.1 (C-9b), 117.8 (C-10b),
159.6 (C-11b), 94.5 (C-12b), 156.3 (C-13b) 121.5 (C-14b), 134.9 (C-1c), 128.8 (C-
2c, 6¢), 114.2 (C-3c, 5¢), 153.6 (C 6 (C 7c), 56.7 (C-8c), 146.8 (C-9c), 105.9
(C-10c, 14c), 153.0 (C- 11c

Hopeaphenol (8) [1 orprl%us p R (CD3COCD3, 400 MHz):
-ﬂ"

67.01(4H,d,J= 8.8 Hz a, 2¢;6¢), &Sw .8 Hz, H-3a, 5a, 3c, 5¢),

5.63 (2H,d, J=4.0 H ) (2H)\d Hz, H-8a, 8c), 6.42 (2H, d, J =

1.2 Hz, H-122, (4H, d, J = 8.8 Hz, H-
2b, 6b, 2d, 6d), Z H: 7 (2H, brs, H-7b, 7d),
3.81 (2H, brs, H-8 . hts 412! \04,(2H, brs, H-14b, 14d). °C

NMR (CDsC : 5430.0°(C-1 44(€-2a, 6a, 2c, 6¢), 115.1
| -8a, 8c), 141.5 (C-9a, 9c),
6.2 (C-13a, 13c), 105.4
114.3 (C-3b, 5b, 3d, 5d),
154.7 (c 4b, 4d) 40.3 Y473 '189.5 (C-9b, 9d), 117.7 (C-10b,
10d), 158.3 (C-11b, 11d), 9‘4‘1‘&5@04 15¢ 3b, 13d), 110.3 (C-14b, 14d).

..*.-d "'-__;:E N
Isohopeaph’NgI (9) [53]: brown amorphous NMR (CDsCOCDs, 400

{,d, J = 8.8 Hz, H-3a, 5a,

3c, 5¢), 5.53 (2@ dJ= j.o Hz, H-8a, 8c), 6.28
(2H, d, J = 2.2-Hz, H-12a, 12¢), 6.17 (2H, d, J = 2.2 Hz, H-144, 14c), 6.28 (4H, d, J =

8.8 Hz, H-2b, 6b, 20, 6d), 6.22 (4H, d, J = 8.8H2! H-3b, 5b, 3d, 5d), 5.04 (2H, brs, H-

AR NI

-2a, 6a, 2c, 6¢), 114.3 (Cea 5a, 3c, 5¢), 154.7 (C -4a, 4c), 91.9 (C-

o GRS RTINING

2d, 6d), 112.3 (C-3b, 5b, 3d, 5d), 152.1 (C-4b, 4d), 41.5 (C-7b, 7d), 50.7 (C-8b, 8d),
139.6 (C-9b, 9d), 115.1 (C-10b, 10d), 157.6 (C-11b, 11d), 92.7 (C-12b, 12d), 154.5
(C-13b, 13d), 107.6 (C-14b, 14d).
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Apigenin  7-O-glucoside (10) [54]: brown amorphous powder; 'H NMR
(CD3COCDs3, 400 MHz): 6 7.25 (2H, d, J = 8.8 Hz, H-2', 6"), 6.74 (2H, d, J = 8.8 Hz,
H-3', 5, 7.42 (1H, brs, H-3), 6.96 (1H, brs, H-6), 6.83 (1H, brs, H-8), 4.82 (1H, d, J =
9.5 Hz, H-1"), 3.63 (1H, m, H-2"), 3.43 (1H, m, H-3"), 3.48 (1H, m, H-4"), 3.28 (1H,
m, H-6"). *C NMR (CD;COCD3, 100

-3', 5, 157.4 (C-4"), 165.0 (C-2),

/{1 4 (C-7), 105.6 (C-8), 76.8 (C-
e o)

e ———

/
Trans-piceid W . 'H NMR (CDsCOCD3, 400
MHz): 5 7.30 (2Hd, 1="8 3417 7, H-3' 5, 6.96 (1H,
d, J = 16.0 Hz, 440, , , brs, H-2), 6.35 (H,
brs, H-4), 6.68 (1H 7, He1%), 3.63 (1H, m, H-2"), 3.43
H, m, H-6"), 3.78 (1H,
) 127.8 (C-2' 6), 115.5
(C-3, 5), 157.4(C-4 . 9 \ 1), 107.3 (C-2), 158.6 (C-
3), 103.1 (C-4), 15 '_ ), 7415 (C-2"), 79.7 (C-3"), 71.3

(C-4"), 82.3 (C-5"), 62 (c-
u.ga-é.e <

Trans-3,5,4 trlhydoxym }« : [54]: brown amorphous powder;

'H NMR (@gc z[H-2", 6, 6.70 (2H, d,
— A3

J=8.8Hz, &I 3.5, 6.69(1H, d, 3 =154 Hz, H-a), 6.73 (" _ 9 J = 15.4 Hz, H-B),

6.47 (1H, brs, I-l-T»E 6. J= 9.8Hz, H-1"), 3.87 (1H, m,

H-2"), 3.45 (1 H-3"), 3.50 (1H, m, H-4"), 3.36 (1H, nL-H -5"), 3.71 (1H, m, H-

6' ) 3.81 (1H, m, ‘6&30 NMR (CD;COCBg#100 MHz): 5 129.9 (C-1'), 127.7 (C-

QR8P YA st fedn ivel ) 140 ) Hanks

(c -3"), 709 (C-4"), 82.1 (C-5"), 624 (C-6").

9 Wllﬁﬁﬂ SUNBIINYIAS

400 MHz): & 7.09 (2H, d, J = 8.8 Hz, H-2a, 6a), 6.64 (2H, d, J = 8.8 Hz, H-3a, 5a),
5.64 (1H, d, J = 3.2 Hz, H-7a), 4.28 (1H, d, J = 3.2 Hz, H-8a), 6.24 (1H, brs, H-12a),
5.98 (1H, brs, H-14a), 6.80 (2H, d, J = 8.8 Hz, H-2Db, 6b), 6.39 (2H, d, J = 8.8 Hz, H-
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3b, 5b), 5.15 (1H, brs, H-7b), 3.27 (1H, brs, H-8b), 6.09 (1H, brs, H-12b), 6.63 (1H,
brs, H-14b), 6.93 (2H, d, J = 8.8 Hz, H-2c, 6c), 6.69 (2H, d, J = 8.8 Hz, H-3c, 5¢),
4.79 (1H, d, J = 4.0 Hz, H-7c), 3.38 (1H, d, J = 4.0 Hz, H-8c), 5.95 (1H, brs, H-12c),
5.20 (1H, brs, H-14c), 6.57 (2H, d, J = 8.8 Hz, H-2d, 6d), 6.34 (2H, d, J = 8.8 Hz, H-
3d, 5d), 4.41 (1H, brs, H-7d), 3.75 (1H, brs, H-8d), 5.88 (1H, brs, H-12d), 5.20 (1H,
brs, H-14d). *C NMR (CD Wbﬁj y« : 8 129.9 (C-1a), 129.2 (C-2a, 6a),
115.2 (C-3a, 5a), 156.: Sg% /ﬁéz? 140.8 (C-9a), 123.8 (C-10a),

154.9 (C-11a), 100. 3 (3 134 43), 132.6 (C-1b), 129.9 (C-

o — e —
2b, 6b), 114.7 (C-3b, 5b), 154-2-(C-4b}; 36.4 54.5 (C-8b), 142.2 (C-9b), 112.4
(C-10b), 156.9 (C-11h),-91. 5.7 .104.9 (C-14b), 133.9 (C-10),

127.1 (C-2¢, 6 54.5 (C-8c), 147.1 (C-
9c), 124.0 (C-10 3 (CH: ,105.5 (C-14c), 131.6
(C-1d), 128.4 (C-2 ody 53.1 (C-7d), 56.4 (C-8d)

140.1 (C-9d),

14d).

Balanocarpol (14 NMR (CDsCOCD3, 400
MHz): & 7.38 (2H, d, 0. M7 H. %) d, J = 8.2 Hz, H-3a, 5a), 5.59
(1H, brs, H-7a), 5.05 (1HM§ 645 (AHobrs, H-123), 6.07 (1H, brs, H-14a),
6.64 (2H, d, J=8.2 I:|‘z“ H:W?ﬁ{ 8.2 Hz, H-3b, 5b), 4.80 (1H, J =
9.2 Hz, H- 7%5 28 (1H, J = 9.2 Hz, H-8h), 5. Eb) 5.99 (1H, brs, H-
14b). *C NMR --.--.-.:.-.:,__'-:a:;---_-__-_‘--f_:__-_'---_‘-‘:-) C-2a, 6a), 115.5 (C-

3, 5a), 157.6{C.da), 9 5 a),:f&g 5 (C-10a), 156.4 (C-
11a), 101.1 (C12a), 155.9 (C-13a), 105.8 (C-14a), 132.5 {G-1b), 130.5 (C-2b, 6b),
113.2 (C-3b, 5b), 548 (C-4b), 493 (C-Th)g72.2 (C-8b), 1418 (C-0b), 1128 (C-

FUBIMTNINEINT

noI K (15) [56]: brown orphous powder; 'H NMR (CD;COCDs, 400

Qwiﬁ T IDT T AL IR

(1H, brs, H-12a), 6.25 (1H, brs, H-14a), 7.26 (2H, d, J = 8.4 Hz, H-2b, 6b), 6.80 (2H,
d, J = 8.4 Hz, H-3b, 5b), 5.54 (1H, d, J = 4.5 Hz, H-7b), 4.64 (1H, d, J = 4.5 Hz, H-
8b), 6.62 (1H, brs, H-10b), 6.21 (1H, brs, H-14b), 7.25 (2H, d, J = 8.4 Hz, H-2c, 6¢),
6.84 (2H, d, J = 8.4 Hz, H-3c, 5¢), 6.95 (1H, d, J = 16.0 Hz, H-7c), 6.73 (1H, d, J =
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16.0 Hz, H-8c), 6.32 (1H, d, J = 2.0 Hz, H-12c), 6.73 (1H, d, J = 1.8 Hz, H-14c). °C
NMR (CDsCOCDs, 100 MHz): § 132.9 (C-1a), 127.4 (C-2a, 6a), 115.9 (C-3a, 5a),
158.1 (C-4), 93.2 (C-7a), 53.7 (C-8a), 144.8 (C-9a), 104.6 (C-10a), 159.3 (C-11a),
102.5 (C-12a), 159.1 (C-13a), 104.4 (C-14a), 133.2 (C-1b), 127.8 (C-2b, 6b), 115.6

(C-3b, 5b), 156.5 (C-4b), 92.9 (C-7h), 58.2 (C-8b), 148.8 (C-9b), 101.2 (C-10b),
159.8 (C-11b), 113.0 (C-12b) Wﬂ) 08.4 (C-14b), 129.9 (C-1c), 128.6 (C-
2c, 6¢), 115.9 (C-3c, 5¢), 1558, gf , 126.7 (C-8c), 133.2 (C-9¢),
119.2 (C-10c), 161.0G=11c), 958 (C- ,éms.e (C-14c).

-

PR

e
-

4 'v.;"‘i —
3OS

ﬂUEI’JVIEIﬂiWﬂ’]ﬂi
QW’]MﬂifUﬁJW]’JVIEJ’]ﬂEI
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3.3 Bioassay activity of isolated compounds

3.3.1 Antioxidant activity of isolated compounds
The isolation and purification of acetone crude extract from S. roxburghii

roots yielded fifteen compounds i

r inhibitory activity toward DPPH

t
ﬂg 2’: as ICso (MM). The biological
activity results of all tes ed.compounds jre S e 3.2.
e -

|

luding a new stilbenoid (5). The antioxidant
activity of isolated compounds t [

N\

radical scavenging activi

1Cs50 (MM)

PH scavenging

Melanoxylin A

Caragaphenol’ A (2

gviniferin (3) ﬂ”, 0.36 £ 0.04
Hopeahainanphenol{4) ';A'& 0.28 +0.02
. J"‘ [
Roxburghiol A ( o 0.38£0.01
Vitisinol G 6) 7 i 0.32+0.01
Vaticanol A (7) = 0.41+0.02
=Ll t:‘f
Hopeaphenal (8) L /i ;.31 +0.01
Isohopeaphenol(9) .0 023 +0.00

Apigenin 7=O4glu 1%.0.30+0.01
Trans-piceid (L M 0.34 £0.00
Trans-3,5,4'- trlhy&roxystllbene 2-C- qu003|de (12) 0.36 £0.01

ﬁﬁﬁ?%ﬂﬂﬁWﬂTﬁﬁ

Gnéfionol K (15)

iscorblc acid* sy 002+000 &F
Qq *Standa tioxidant

-: Not determined
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Antioxidant activity of isolated compounds was tested against various radical
sources by UV-Vis spectroscopy. Anti-radical property of flavonoid glycoside and
stilbenoids was examined with DPPH, which is widely used for assessing the ability
of polyphenol to transfer labile H-atoms to radicals. The greater effectiveness of

compounds was possible due to t e

which upon donating hydro

- DPPH radma‘%

t&-

tested compounds had ! es m—-the A

?esence ortho-dihydroxy groups (catechol)

//e igher stability to their radical forms

activity r Ie 3.2 showed that most of
[ 0.23-0.41 mM. They were non

catecholic compounds Iess than ascorbic acid, a

3.3.2 Cytotoxici inst _‘~_3‘- d'He f isolated compounds
7 lated compounds were
determined using etrigasse e re vere shown in Table 3.3.

ﬂUEI')ﬂEW]iWEI’]ﬂﬁ
QW’]MﬂiEUﬁJW]’WIEJ’]ﬂEI
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Table 3.3 In vitro cytotoxicity of isolated compounds against HeLa and KB cells.

Isolated compounds 'Cs0 (g/mL)
Hel a cell KB cell

Melanoxylin A (1) 93.52 50.14
Caragaphenol A (2) , >100 48.12
&-viniferin (3) \\x //// 67.15 32.0
Hopeahalnanphenol ( >100 >100
Roxburghiol A (5)___..- u' —_i-57 38 17.15
Vitisinol G (6) s '~ : 15.56
Vaticanol A (/ >100
Hopeaphenol (8) 6.47
Isohopeaphe 8.50
Apigenin 7-O- : 80.0
Trans-piceid (11) ) >100
Trans-3,5,4'"-tri i -C-glucosi 42.05
Neoisohopeapheno : -

Balanocarpol (14 -

Gnemonol K (15) -

Adriamycin* 2.48 2.16

* Standard @ :

-: Not detenﬁi £

HeLa cell line: 'l?H.' man
KB cell line: an epidermoid carcinoma

The ¢ toto( esults (Table 3.3) dholied that most of tested compounds

c activ ﬂnj m ﬂ']aj]& cell line.

nds 9 sh we cytotoxicC ac Inst line with 1Cs

= 6.47 and 8.50 pg/mL, and againstiHeLa cell line Wlt 50 = 8.66 and 10. 12

qmmmmmmmm

67.15, 57.38 and 68.42 pug/mL, respectively. In addition, compounds 2 and 12 showed
specific activity against only KB cell line (ICsp = 48.12 and 42.05 pg/mL).

Compounds 4, 7, 10 and 11 could be regarded as inactive toward both cell lines.



CHAPTER IV

CONCLUSION

In conclusion, the isolation rification of the acetone crude extract from
the roots of S. roxburghii.aff : T/ %roxburghlol A (5), along with
2 henol A (2), &viniferin (3),
hopeahamanphenoHﬁ—uﬁlemol @ (G)M (7), hopeaphenol (8),
|sohopeaphenol M i piceid (11), trans-3,5,4'-
i LA (13), balanocarpol (14)
and gnemonol K . ica 3‘"~ oIated compounds were
comparison with the previous
literature data.

caragaphenol A (2)
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roxburghlol A (5, new compound)
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vitisinol G (6)
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ANy

alanocarpol (14)
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at the ICso of all tested
-0.41 mM).

HelLa and KB cell lines of

50.=.0.

\u comp unds exhibited cytotoxic

) cell tin ‘\ ompounds 8 and 9 showed

the highest effecti ic aCiiy ityJagai <E c Mine with ICsp = 6.47 and
8.50 pg/mL, calt - 866 and 10.12 pg/mL,
respectively.
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""""" MW

Figure A-1 'H NI Rspem _I OCD3) ef raxburghiol A (5).

Figure A-2 *C NMR spectrum (CD3COCD3) of roxburghiol A (5).
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Figure A-4 HMBC spectrum (CD3COCD3) of roxburghiol A (5).
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Figure A-6 NOE spectrum (CD3;COCD:3) of roxburghiol A (5).
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