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CHAPTER1

INTRODUCTION

Free radicals are atoms or molecules that contain at least one unpaired electron
in atomic or molecular orbitals. There are many types of radicals, but oxygen free
radicals known as reactive oxygen species (ROS) represent the most important
species in living organisms (Valko et al., 2007), including superoxide (O, ), peroxyl
(ROO"), alkoxyl (RO"), hydroxyl (HO"), and nitric oxide (NO"). Free radicals are
produced continuously in cells as by-products’ofmetabolism. They are unstable and
highly reactive. Exposute~to-radiation, environmental pollutants such as tobacco
smoke and automobile ¢xhaust lead tol the formation of free radicals, the excess of
them can damage cell composition by attacking lipids in cell membrane, proteins,
carbohydrates, and DNA (Pieita; 2000).. This harm is a causative role in aging and
several degenerative Jdiseases,  sueh f_;ts cardiovascular diseases, hypertension,
neurodegenerative diseages, and cancer (V’e}li(o et al., 2007).

Defense mechanisms ‘agaifist free‘-'-fadical-induced oxidative stress involve
preventative mechanisms, repair mechaﬁ'rgm_s,_ physical defenses, and antioxidant
defenses (Valko et al., 2007)."Fhe mech&rniéii.‘ls of antioxidant action can include
enzymatic defenses, such as ‘glutathion'ef i)éibxidase, catalase, and superoxide
dismutase, and nonenzymatic-detenses (Pretta; 2000). Therefore, antioxidants with
free radical scavenging activity may have great rclevance in the prevention and
therapeutics of free radical mediated diseases.

Plants of'the genus/Dendrobium/aremembers of,Orchidaceae family. They are
epiphytic, lithophytic, or less often terrestrial, polymorphic, deciduous or evergreen.
Their botanical characters.are.described by Guanghua et al. as.follows:

Stems either: 1) rhizoratous, 2) erect and‘many noded, 3) erect and 1-noded
or several noded from a many-noded rhizome, or 4) without a rhizome. Leaves 1 to
many, alternate, apical or distichous along stem, linear, lanceolate, oblong, or ovate,
sometimes subterete or terete, papery to rigid and leathery. Inflorescences lateral,
generally distal, in some sections pseudoterminal, 1 to many flowered, usually
racemose, erect, horizontal, or pendulous. Flowers extremely variable in color and
shape, often showy, very small to large, resupinate or not resupinate, usually

spreading, ephemeral or long-lived. Sepals similar, free, short to filiform; lateral



sepals adnate to elongated column foot and part of lip to form a mentum, 0.1-3 cm.

Petals free, margin entire to fimbriate; lip entire to distinctly 3-lobed base joined to

column foot, sometimes narrowly clawed at base, sometimes forming a closed spur

with lateral sepals to which it may be joined laterally for a short distance; pollinia 4 in

appressed pairs, waxy, ovate or oblong, naked (Guanghua et al., 2009).

Plants in genus Dendrobium are represented by more than 1,100 species

widely distributed throughout Asia, Europe, and Australia, and there are about 150
species of Dendrobium in Thailand (Seidenfaden, 1985; Guanghua et al., 2009). The

species of Dendrobium in Thailand according£o Royal Forest Department (2001) are

as follows.

Dendrobium aeerosum Lindl.

D. acinaciforme Roxb.

D. albosanguineum Lindl.

D. aloifolium (Blume) Rehb.f.

D. anosmum.Lindl.

D. aphrodite Rchb.f.

D. aphyllum (Roxb.)

v ) . .
paaelaiaiome Kluai mai mue nang

. (Chumphon); tune Khao phae
" (Chanthaburi).

" Y [
199992911 Ueang ta khap, 1oessena3os
‘Ueang yot soi (Northern).

1990193 Ueang ta ngua (Mae Hong

“/Son); 199979 Ueang tueng (Tak); 1999H

89 (Ueang pha wiang (Bangkok).

19999719 Ueang chang (Trat); LR
Ueang mani (Bangkok).

X . &
1oeda18 Ueang sal, 1993018103 Ueang
sai luang (Chiang Mai, Peninsular).

= D. albosanguineum Lind].

WoNn Pho-thu-ki  (Karen-Mae Hong
Son);  wenAuA3T® Mok-kham-khruea
(Shan-Mae Hong Son); l,gm"lﬁliuh Ueang
khai nao, Lg’m o'l Ueang sai mai
(Lampang); !SVGNN%IN Ueang nguang

chang (Mae Hong Son); 10oedonld



D. bambusifolium Parish & Rchb.f.

D. bellatulum Rolfe

D. bicameratum Lindl.

D. bilobulatum Seidenf:.

D. binoculare Rchb.f.

Ueang yoi mai (Northern); 19948041184
Ueang long laeng (Chiang Mai).

= D. salaccense (Blume) Lindl.

4 Y
woauwzg Ueang sae phu, 100usza00]o
Ueang sae doi pui (Chiang Mai).

19991911 Ueang khem (Northern).

paaelin19a1 Kluai mai  kang pla
(General).

Wot laz TW Pho-ni-kho-pho, ~ werie
Pho-phu-prue-ya  (Karen-Mae Hong

. Son); i9eaMiae Ueang kham sai, 1909

D. brymerianum Rchb. f.

D. calceolaria Carey ex Hook.

D. capillipes Rchb.f.

D. cariniferum Rchb.f.

D. christyanum Rchb.f.

. $uh Ueang champa (Northern).

-! 4 A
" 19096 Wlo8 Ueang kham foi, 19038100

; ‘]hﬂ Ueang kham foi pai (Northern).

=D moschatum (Buch.-Ham.) Sw.

1909A172, Ucang kham kio

(Lampang,Phrae); Boadflon Ueang
Kham pok, Seafnide Ueang kham hia
(Chiang Mai); Lgﬂﬁﬁ U Ueang min
(Northern).

woilennz Ia Pho-mue-kha-do  (Karen-
Mae ¢ Hong = Son); Lg’mm%ﬂ Ueang
kachok, Lﬁy@m«uzmﬁm Ueang sae lueang
(Chiang Mai); Lﬁy@um: A3 Ueang sae
dong (Chiang Mai, Mae Hong Son); L%‘Jj}m

A Ueang tueng (Lampang).

ouwzgnszae Ueang sae phu kradueng
(Loei).



D. chrysanthum Lindl.

D. chrysotoxum Lindl.

D. ciliatum Parish ex Hook.f.
D. ciliferum Bakh.f.

D. coelogyne Rchb:f.

D. compactum Rolfe exHackett

D. concinnum Miq.

D. crassinode Benson & Rchb.f.

D. crepidatum Eindk & Paxton.

D. crocatum Hook.f.

D. cruentum Rehb.f.

D. crumenatum Swy

D. crystallinum Rchb.f.

toesa1gnsnn Ueang  sai  morakot
(Bangkok).

wotl laz Pho-ni-kho (Karen-Mae Hong
Son); 1989M1 Ueang kham (Northern);
1999M191 Ueang kham ta (Chiang Mai).

= D. venustum Teijsm. & Binn.

= D. venustum Teijsm. & Binn.

=Epigeneium amplum (Lindl.) Summerh.

1899112700 Ueang khao tok (Northern).

: w1aiile Hang pia (Narathiwat).
= D. pendulum Roxb.

~ 19098183 1083 Ueang sai nam  khiao
* (General).

=,
-.;5 93119130 Ueang nang nuan

: -"(Péninsular).

1NN Pak nok kaeo, 1983unU
Ueang nok kaeo (Bangkok).

unNzy 1 Nok kayang (Chon buri); 17U
N@1WY12 Buap klang hao (Chiang Mai);
udwizduns Sae phra,in (Chanthaburi,

Y
Trat); vidwaznesy Wai “tamoi, 1DoINLa
Ueang mali (Central, Peninsular); Pigeon

orchid.

A 1 K 2 4

1oe9u19Weu Ueang nang fon, 1909110
4 . .

Wszuw1519al Ueang nio mue phra narai

(Chiang Mai); 1909d18e1ud Ueang
saisam si (Bangkok).



. cumulatum Lindl.

. dalhousieanum Wall.
. dantaniense Guillaumin
. delacourii Guillaumin

. densiflorum Lindl.

. devonianum‘Paxton

. dickasonii-L.O.Williams

. discolor Lindl.

. dixanthum; Rehb-f,

. draconis Rchb.f.

. ellipsophyllum Tang & Wang

] Y
. Ueang sai pha kang, 1003egnszouns

. a 4
(Meunod Thian thong, 1NeUNYIBUNT

Thian phaya in, 1PoIEEFADN Ueang sai
si dok (Northern, Southeastern).

= D. pulchellum Roxb. ex Lindl.
19999 Ueang khem (Chiang Mai).
= D. venutum Teijsm. & Binn.

4 Y
@oeeuly Ueang mon khai, toosuou 'l

H Y
ima#il Ueang mon khai liam, 190uou 'l
(maod Ueang mon  khai  lueang

A
(Northern); 1DoINoUM Ueang mon kham

~_ (Chiang Mai).

g AN A . & v o
o uilge Usang miang, 19039d19A104

J

-':U-‘éang sai phra in (Chiang Mai); 1909

_-,_'Tfsj]_ﬁg’%‘amm Ueang rot rueang saeng
':(Béngkok).

ippathEz Uedng khia (Chiang Mai).
¥anan Wai klak (Bangkok).

Y A
1909721)ow, Ueang- kham pon, 1903811
A
Ueang~kham pa, 1903112 Ueang kham
4 A
pio, “foauiiay Ueang” thian, 10eeluls

Ueang bai “phai, “190%ln Ueang phai
(Northern).

Wo1d Pho-che (Karen-Mae Hong Son);

1999131 Ueang ngoen (Northern); 199974
Ueang tueng (Mae Hong Son).

LB&ENTIEN Ueang thong (General).



D. exile Schltr.

D. falconeri Hook.

D. farmer Paxton

D. fimbriatum Hooks

idoudeu Ucang sian, udnszduns Sae
phra in (General).

WoNA14 Pho-tu-dang (Karen-Mae Hong
Son); Lgaﬂiﬂﬁﬁamm Ueang rot rueang
saeng, Aémmﬂ%mﬁ Ueang sai wisut
(Bangkok); !é’e)ﬂmﬁmwsﬂ Ueang ya phaet
(Chiang Mai).

(089iamay Ueang mat chanu (Bangkok).

1009881 Ueang kham ta dam (Mae

Hong Son); 19esf11ies Ueang kham noi

4
(Chiang Mai); 190411194g31 Ueang waeo

.J mayura (Central, Nakhon Ratchasima).

D. fimbriatum Lindl. vari oculatum Hook.f.. = D. fimbriatum Hook.

D. findlayanum Parish & Rchb L

-:W‘;N‘Pitlﬂ Phuang yok, 2181u Wai pom

_-,_-('—B_gngkok); 199970 Ueang kho (Chiang
-Mai).

D. formosum-Roxb. ex Lindl.

D. friedericksianum Rchb.f:

var. oculatum Seidenf. & Smitinand

D. fuerstenbergianum Schltr.

D. gibsonii Lindl.

19993979 Ueang khi phueng (Peninsular);

=y a A
19999U1a 29 Ueang ngoen luang, 100991

11iu Ueang ta hoen (Chiang Mai).

1A 49UN1Ys Lueang chanthabun, 1904un
Y
YN Ueang nok khamin (Chanthaburi);
&, A o
1polttiapvIuNYI~Ueang lueang

chanthabun (Bangkok).

= D. friedericksianum Rchb.f.

ouwzynszae Ueang sae phu kradueng
(Loei).

woti 1az In Pho-ni-ko-pho, wori5s Pho-

phu-pru-ya (Karen-Mae Hong Son); 1999



D. grande Hook.f.

D. gratiotissimum Rchb.f.

D. gregulus Seidentf.

D. griffithianum Lindl.

D. harveyanumRchb T,

D. hendersonii Hawkes & Heller

D. hercoglossum Rchb.f.

D. heterocarpum Lindl.

D. hildebrandii Rolfe

#1711 Ueang kham ta, 19esmians Ueang

kham sai (Northern); (9033111 Ueang
champa (Central).

oaunslulvial Ueang phaeng bai yai
(Peninsular).

19990391 Ueang king dam (Bangkok).
FLFEL Y Ueang matom (Chiang Mai).

&’ U dy v
12OJNIN DY Ueang matchanu, (9893431

a0 1 Ueang mat cha lueang (Bangkok).

v k4
. 10o3mos Ueang kham foi, 1003f1roe

9u1A0 Ueang kham foi india (Chiang

), Mai).

WagazNesvies Wai  tamoi  noi

. ":'(,'Beninsular).
F F| 4

190990nMz1V0 Ueang dok ma khuea

(Bangkok).

A A o
1ewasUeang sae dong, 1993TYU

Ueang sichun, toesamia Ueang si tan
(Chiang, Mai).

= D. signatum Rchb.f.

. indivi ume) Migq. var. indivisum aa i st -Tan sian mai
D. indivisum (Bl Miq d AT

var. lampangense Rolfe

var. pallidum Seidenf.

D. infundibulum Lindl.

(Chumphon).

= D.porphyrophyllum Guillaumin

matdar Kang pla (General).

Y
19993Uu1a29 Ueang ngoen luang (Mae

Hong Son); toesaniiu Ueang ta hoen
(General).



. Intricatum Gagnep.

. Jenkinsii Wall. Ex Lindl.

. kanburiense Seidenf.

. leonis (Lindl.) Rchb.f.

. lindleyi Steud.

. lituiflorum Lind]. A

1o ava ¥ Ueang chom phu
(Chanthaburi).

1999 9tie8 Ueang phueng noi (Chiang
Mai).

d .
%2mieaniyali Wai  muang  kan

(Kanchanaburi).

woanzv1vlvie) Ueang  takhap  yai
(General).

IwaouLia Pho-don-lae  (Karen-Mae

Hong Son); 19099 Ueang phueng
(Northern).

Y X ¥
1009759 Ueang khrang (Loei); too9ae

AR Ueang sai  muang (Bangkok,
LNorthern).

. lobbii Teijsm. & Binn.
. longicornu Lindl.

. margaritaceum Finet
. moschatum (Buch.-Ham.) Sw.
. moulmeinensesParish ex Hook.f.

. hathanielis Rehb'f.
. nobile Lmdl.

. ochreatum Lindl.

. oligophyllum Gagnep.

: D. villosulum Lindl.

|

= D, wattii (Hook.f.) Rehb.f.

= D. christyanum Rchb.f.
19999111 Usang champa (Northern).
= D. dixanthum Rchb.f.

inaaifarKlet nim (Chanthaburi).
19aldin1n2 Udang Khao Kio (Northern).

Y Y
19998140 Ueang kham kho, 199381/n

Y
U310 Ueang kham phak prap, 1904309
Ueang ngoi, 1999AZU Ueang ta khap
(Chiang Mai).

41200n1519u khao  tok  prachin
(General).



. pachyglossum C.S.P.Parish & Rchb.f. Lgmmu‘ﬁg Ueang khon mu (Mae

. pachyphyllum (Kuntze) Bakh.f.

. palpebrae Lindl.

. parcum Rchb.f.

. parishii Rchb.f,

Hong Son).

¥ 4
1909108 Ueang noi, 19998041y Ueang
song bai (General).

tﬂy 4 &' 4
199910901 Ueang mat cha, 190943019y
Ueang matchanu (Bangkok).

[ i k4
Ui Ueang kan kio, 190415na
Ueang mai kwat (Bangkok).

[999A54 Ueang khrang (Northern); 1904
hns Ueang nam khrang (Bangkok);

dy g a . -dy a a
1989009 13 Ueang attakrit, 19099 UNNTA

- Ueang inthakrit (Phetchabun).

. pendulum Roxb.

. pensile Ridl.

. porphyrophyllum Guillaumin

. primulinum LindI.

. pulchellum Roxb. ex Lindl.

/ "Lgﬂﬂ"lﬁgﬁmﬁ Ueang mai thao ruesi
"._,(B_angkok, Chiang Mai).
"._'171 218 Wai, nedes Wai yoi
“(Narathiwat).

19031 Ueang lin (Lampang).

Y Y

199981011107 Ueang sai nam  khiao
Y Yy 9

(Chiang Mai); 1903ee1i1#e Ueang sai

nam phueng; Po3aesyan Ueang sai

prasat, 1903e1011d09 Ueang sai lueang
(Bangkaok):

Yzunuliiie Pa-nae-mi-phoei, wellooisy
pho-mi-yo-e (Karen-Mae Hong Son);
¥ONA1IA1AI18 Mok-kham-ta-khwai

(Shan-Mae Hong Son); auila Soppet
(Loei); 19eam1mnne Ueang kham ta

Y
khwai, 1999919218 Ueang ta khwai (Mae



D. pychnostachyum Lindl.

D. salaccense (Blume) Lindl.

D. scabrilingue Lindl.

D. secundum (Blume) Lindl.

D. seidenfadenii Rchb.f.

D. senile Parish & Rchb.f.

D. signatum Rchb.f.
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Hong Son); 19993191117 Ueang chang nao
(Northern).

iwIngend Sawet sot si (Chiang Mai);

wourIndead Ueang sawet sot  si
(Bangkok).
o9luln Ueang bai phai (Chiang Mai).

WPa0n1 Pho-do-ya, woeilon1 Pho-mae-

Iha, - We¥ 1A Pho-muen-kha, wWoun

L8¥ Pho-mae-lac  (Karen-Mae Hong
A &

Son); 8y Ueang sae; (DDILFLHAN

Y
Ueang sae luang, 10D HOU Ueang sae

" hom (Chiang Mai).

-"_ THuling Kap kae (Loei); npgivi1 Kho ngu
“hao (Central); toeansaau Ueang
"':.'plja"eng si fan (Bangkok); 1999@#u Ueang

si .-'fan, 19oan9ouln Ueang ngon kai
(Northern).

1909R8E Ucang kia (Chiang Mai).

Ho%¥zil Mue chani, Boavumg Ueang
khon " khang* (Chiang Mai); Léawxﬁ
Ueang chani, Lg’munﬁ Ueang nang ni
(Bangkaok); L’g’mﬁaﬁw Ueang mue khang
(Mae Hong Son); L’gflﬁqﬂ Ueang 1 hui
(Northern).

i0ufn2 Ueang khao kio, Boaduiia
Ueang tin pet (Northern), a%134914 Sa-
moeng-ang (Shan-Mae Hong Son), Lgm

@uun Ueang tin nok (Chiang Mai).



. stuposum Lindl.

. sulcatum Lind]l.

. superbiens Rchb.f.
. superbum Rchb.f.

. sutepense Rolfe. Ex Downie

. terminale Parish'& Rehb:f.

. thyrsiflorumRchb.f;

. tortile Lindl.

. trigonopus Rehb. £,

. trinervium Ridl.

. unicum Seidenf.

. uniflorum Griff.

11

19998 Ueang sai (Chiang Mai).
1903811h 1w Ueang champa nan (Bangkok).

¥¥18A9 Wai khing (Bangkok).
= D. anosmum Lindl.

& A A
oy Ueang sae, 100du5e0ea Ueang
saé mali, 1909uzd Ueang mali (Chiang
Mar).

CEMIGRETE Ueang phaeng sopha
(Peninsular).

- o nuung Kap kae (Loei); Wow14@ Pho-
- sang-di (Karen-Mae Hong Son); wou'lu
0 T Ueang khai bai mon, e ]y

am Ueang mon khai bai mon (Northern).

: "jn" . . . X
“@uun Tin nok (Chiang Mai); BEM N

"-'U“e'zing mai tueng (Mae Hong Son); 1994

v Y v
mna-Ueang. khao kio, woudnauiay

1589 Ueang™ khao kio mae sarieng
(Northern).

10998110 In Ueang kham pak kai, 1904
19 Ueang kham phu (Loei); toa3m

el UsAh &Kam fanf(Chiang Mai).
Me1ds Thian ling (Chumphon).

A o & ~
aanJauaa Ueang krang saet, 1003a18@

Y
uaa Ueang sai si saet, (999184t
Ueang kam lang ek (General).

1999n09 Ueang thong (Pattani).
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D. venustum Teijsm. & Binn. W1 uniledds Khao niao ling, Lﬁym%’n
U189 Ueang khao niao ling (Central),
L’gﬂﬂﬂ@ﬂﬂﬂu Ueang dok kham, L'Sym
aonuzU1y Ueang dok ma kham, L'Sym

weu1y Ueang ma kham (Phrae).
D. villosulum Lindl. ndewnau Kluai ya na (Bangkok).

9 Y
D. virgineum Rchb.f. 10041119% Ueang nang chi, 1999%zu17

Ueang chi pa khao, PoauIan Ueang

ngoenwilat Northeastern).

D. wardianum Wataér Nnola g Pho-den ya (Karen-Chiang

\ 4 ¢ . .
. Mai); DNl lns3an Ueang mani trai

: rong (Northern).
D. wattii (Hook:f.) Rchb.f. ; agmswz Ueang sae (Northern).
D. ypsilon Seidenf. "f“!“ed)i‘m!mumﬂﬁﬂ Ueang baen pak tat

: (G"Ié‘neral).

Dendrobium:secundum (Blume) Lindl., locally known as “Ueang praeng si
fan”, “Ueang si fan”, “Ueang ngon kai”, “Kho ngu hao” or “Kap kae”, is an epiphytic
herb. Stems fleshy, cylindrical, to 100 cm long (usually less); leaves to 10 by 4 cm;
inflorescences from the upper nodes only, to about 12 cm! long, with many closely-
placed small flowers all pointing to one side, bright mauve-pink (or rarely white) with
orange’lip; flowers_to, 1.8 ent=lohg fand | 016 ¢m Widel uppetis¢palito 7 by 4 mm.;
mentumecurved; petals very narrow; lip forming a long spur at the base with the
column-foot (Holttum, 1957), found flowering in February to April. D. secundum
distributed in China, Burma, Indonesia and throughout Asia, in Thailand found in
North, Northeast, East, and South (Vaddhanaphuti, 2005).

The chemical constituents of this plant have not been studied previously. In
this investigation, a MeOH prepared from the aerial parts of this plant was found to

possess anti-oxidative potential, showing 75% DPPH reduction at the concentration of
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100 pg/ml. This chemical investigation is focused on the free radical scavengers from

D. secundum.

The main objectives in this study are as follows.

1. Isolation and purification of compounds from D. secundum.

2. Determination of the chemical structure of each isolated compound.

3. Evaluation of each isolated compound for its free radical scavenging

activity.

Figure 1 Dendrobium secundum (Blume) Lindl.



CHAPTER II

HISTORICAL

1. Chemical constituents of Dendrobium spp.

A number of chemical constituents isolated from the genus Dendrobium can
be classified as phenanthrenes (Table 1), bibenzyls (Table 2). In addition, other
classes of natural compounds such as sesquitérpenes, sesquiterpene glycosides and

miscellaneous substances have been found (Table.3).

Table 1 Distribution of phenanthrenes in Dendrobium spp.

Plant and compound o Plant part Reference

Dendrobium amoenum
Amoenumin [1] | Whole plant | Veerraju et al., 1989
Flaccidin (Amoenumin) [1] - Whole plant | Majumder et al., 1999

Dendrobium aphyllum

Coelonin [2] Whole plant | Chen et al., 2008a
Flavanthrin [3] Whole plant | Chen et al., 2008a
Lusianthridin [4] Whole plant | Chen et al., 2008a
Moscatin [5] Whole plant |«Chen et al., 2008a

Dendrobium cariniferum
Dendronone [6] Whole plant | Chen etal., 2008d
Dendrobium chrysanthum
Dendrochrysanene [7] Whole plant | Yang et al., 2006a

Moscatin [5] Whole plant | Yang et al., 2006a




Table 1 (continued)
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Plant and compound Plant part Reference
Dendrobium chrysotoxum
2,7-Dihydroxy-8-methoxyphenanthro Whole plant | Yang et al., 2004
[4,5,bcd]pyran-5-(SH)-one [8]
Crystalltone [9] Stem Wang et al., 2009
Dendrobium densiflorum
Cypripedin [10] Stem Fanetal., 2001
Densiflorol B [11] Stem Fan et al., 2001
2,6-Dihydroxy-1,5,7- Stem Fan et al., 2001
trimethoxyphenanthrene [12 |
4,7-Dihydroxy-2-methoxy=9. 10- Stem Fan et al., 2001
dihydrophenanthrene [13]
Moscatin [5] ‘| Stem Fan et al., 2001
Dendrobium loddigesii ﬂ‘étem Ito et al., 2010
Hircinol [14] J
5-Hydroxy-2,4-dimethoxyphenanthrene [15] | Stem Ito etal., 2010
Loddigesiinol A [16] Stem Ito etal., 2010
Loddigesiinol B [17] Stem Ito etal., 2010
Lusianthridin [4] Stem Itoegtal., 2010
Moscatin [5] Stem Chen, 1994; Tto et al.,

2010

Rotundatin [18] Stem Itoetal., 2010
Dendrobium longicornu
5-Hydroxy-7-methoxy-9,10- Stem Hu et al., 2008a

dihydrophenanthrene-1,4-dione [19]




Table 1 (continued)
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Plant and compound Plant part Reference
Dendrobium longicornu
7-Methoxy-9,10-dihydrophenanthrene-2,4,5-triol Stem Hu et al., 2008a
[20]
Dendrobium moniliforme
Denbinobin [21] Stem Lin et al., 2001
Moniliformin [22] Stem Lin et al., 2001
Dendrobium nobile
Bulbophyllanthrin [23] Stem Yang, Sung, and

Kim, 2007
Coelonin [2] Stem Yang et al., 2007;
Hwang et al., 2010

Confusarin [24] Stem Zhang et al., 2008c
Denbinobin [21] 7 ﬂj Stem Yang et al., 2007
3,7-Dihydroxy-2,4-dumethoxyphenanthrene [‘25J] Stem Zhang et al., 2008¢c
4,5-Dihydroxy-2-methoxy-9,10- Stem Yang et al., 2007
dihydrophenanthrene [26]
2,2’-Dihydrox¥-3,3',4,4' ,7,7'-hexamethox y= Sterh Yang et al., 2007
9,9',10,10'-tetrahydro-1,1'-biphenanthrene [27]
2,8-Dihydroxy-3,4;7-tcimethoxy-9,10- Stem Yang et al., 2007
dihydrophenanthrene [28]
2,8-Dihydroxy-3,4,7-trimethoxyphenanthrene [29] | Stem Yang et al., 2007
2,5-Dihydroxy-3,4-dimethoxyphenanthrene [30] Stem Yang et al., 2007
4,5-Dihydroxy-3,7-dimethoxydihydrophenanthrene | Stem Ye and Zhao, 2002

[31]
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Plant and compound Plant part Reference
Dendrobium nobile
2,5-Dihydroxy-4,9-dimethoxyphenanthrene [32] | Stem Zhang et al., 2008¢c
5,7-Dimethoxyphenanthrene-2,6-diol [33] Stem Hwang et al., 2010
Ephemeranthol A [34] Stem Yang et al., 2007,
Hwang et al., 2010
Ephemeranthol C [35] Stem Hwang et al., 2010
Erianthridin [36] Stem Yang et al., 2007,
Hwang et al., 2010
Fimbriatone [37] Stem Zhang et al., 2008¢
Fimbriol B [38] Stem Yang et al., 2007;
Hwang et al., 2010
Flavanthridin [39] Stem Hwang et al., 2010
Flavanthrinin [40] ; Stem Zhang et al., 2008¢
Hircinol [14] Stem Hwang et al., 2010
3-Hydroxy-2,4,7-trimethoxy-9,10- Stem Yang et al., 2007
dihydrophenanthrene [41]
3-Hydroxy-2,4,7-ttimethoxXyphenafithréne {427/ || Stem Yang et al., 2007
2-Hydroxy-3,4,7-trimethoxy-9,10- Stem Yang et al., 2007
dihydrophénanthreis [43]
2-Hydroxy-4,7-dimethoxy-9,10- Stem Yang et al., 2007
dihydrophenanthrene [44]
Lusianthridin [4] Stem Yang et al., 2007,
Hwang et al., 2010
Nudol [45] Stem Yang et al., 2007
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Plant and compound Plant part Reference

Dendrobium nobile

Plicatol A [46] Stem Yang et al., 2007

2,3,5-Trihydroxy-4,9- Stem Yang et al., 2007

dimethoxyphenanthrene [47]

3,4,8-Trimethoxyphenanthrene-2,5-diol [48) 4 Stem Hwang et al., 2010

Dendrobium plicatile

2,2'-Dimethoxy-4,4'-7,7"-tetzah ydroxy- Stem Yamaki and Honda,

9,9',10,10'-tetrahydro- 1,1 'sbiphenanthrene 1996

[49]

Ephemeranthoquinon¢ [50] \ Stem Yamaki and Honda,
1996

Epheranthol B [51] (| Stem Yamaki and Honda,

4 1996

Erianthridin [36] T S%em Yamaki and Honda,
1996

Lusianthridin [4] Stem Yamaki and Honda,
1996

Plicatol A [46] Stem Honda and Yamaki,
2000

Plicatol B (Moscatin) [5] Stem Honda and Yamaki,
2000

Plicatol C (Rotundatin) [18] Stem Honda and Yamaki,

2000
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Plant and compound Plant part

Reference

Dendrobium rotundatum

2,7-Dihydroxy-3,4,6-trimethoxy-9,10- Whole plant
dihydrophenanthrene [52]

2,7-Dihydroxy-3,4,6- Whole plant

trimethoxyphenanthrene [53]
Moscatin [5] - “-Whole plant
Nudol [45]

Rotundatin [18]

Denthyrsinin [54]

Denthyrsinol [55]
0 e
faress

Denthyrsinone [56] 2 —.\:

Dendrobium trigonopus

Hircinol [14]

Moscatin [5] m

Majumder and Pal, 1992

Majumder and Pal, 1992

Majumder and Pal, 1992
Majumder and Pal, 1992

Majumder and Pal, 1992

Zhang et al., 2005
Zhang et al., 2005

Zhang et al., 2005

Hu et al., 2008b

Hu et al., 2008b
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Table 2 Distribution of bibenzyls in Dendrobium spp.
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Plant and compound Plant part Reference
Dendrobium amoenum
Amoenylin [57] Whole plant | Majumder et al., 1999
3,4'-Dihydroxy-5-methoxybibenzyl [58] Whole plant | Majumder et al., 1999
Isoamoenylin [59] Whole plant | Majumder et al., 1999
Moscatilin [60] Whole plant | Majumder et al., 1999
Dendrobium aphyllum
Batatasin III [61] Whole plant | Chen et al., 2008a
Gigantol [62] Whole plant | Chen et al., 2008a
Dendrobium aurantiagum
Chrysotobibenzyl [63] Stem Yang, Wang, and Xu,

| 2006b

Chrysotoxin [64] Stem Yang et al., 2006b
Gigantol [62] “‘Stem Yang et al., 2006b
Moscatilin [60] Stem Yang et al., 2006b
Dendrobium candidum
Dendrocandin A¢[65] Stem, Lietal., 2008
Dendrocandin B [66] Stem Lietal., 2008
Dendrocandin C|[67] Stem Lict al.; 2009a
Dendrocandin D [68] Stem Lietal., 2009a
Dendrocandin E [69] Stem Lietal., 2009a
Dendrocandin F [70] Stem Lietal., 2009b
Dendrocandin G [71] Stem Lietal., 2009b
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Plant and compound Plant part Reference
Dendrobium candidum
Dendrocandin H [72] Stem Li et al., 2009b
Dendrocandin I [73] Stem Lietal., 2009b
Dendrophenol [74] Stem Lietal., 2008
4,4'-Dihydroxy-3,5-dimethoxybibenzyl [75] . Stem Lietal., 2008
3,4-Dihydroxy-5,4'-dimethoxybibenzyl [76] | Stem Lietal., 2008
Gigantol [62] Stem Lietal., 2008
3-O-Methylgigantol [77] Stem Lietal., 2008
Dendrobium cariniferum :
Batatasin III [61] | Whole plant | Chen et al., 2008d
Gigantol [62] _- Whole plant | Chen et al., 2008d
Dendrobium chrysanthum
Chrysotobibenzyl [63] = ‘Whole plant | Yang et al., 2006a
Chrysotoxin [64] Whole plant | Yang et al., 2006a
Crepidatin [78] Whole plant | Yang et al., 2006a
4,4'-Dihydroxy-3,3’,5-trimethoxybibenzyl Whiole plant +~Tanaka et al., 1987
[79]
Gigantol [62] Whole plant ‘| Yailg'etal., 2006a
Moscatilin [60] Whole plant | Yang et al., 2006a
Dendrobium crepidatum
Crepidatin [78] Whole plant | Majumder and

Chatterjee, 1989
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Plant and compound Plant part Reference

Dendrobium crystallinum

Dencryol A [80] Stem Wang et al., 2009

Dencryol B [81] Stem Wang et al., 2009

Dendrobium cumulatum

Cumulatin [82] Whole plant | Majumder and Pal, 1993

Dendrobium densiflorum

Densiflorol A [83] Stem Fanetal., 2001

Gigantol [62] Stem Fan et al., 2001

Moscatilin [60] Stem Fan et al., 2001

Tristin [84] Stem Fanetal., 2001

Dendrobium falconeri

Dendrofalconerol A (Dendrocandin F) [70] | Stem Sritularak and
Likhitwitayawuid, 2009

Dendrofalconerol B/[85] Stem Sritularak and
Likhitwitayawuid, 2009

Dendrobium gratiosissimun

Batatasin II1 [61] Stem Zhang et al., 2008a

Dengraol A [86] Stem Zhang et al., 2008a

Dengraol B [87] Stem Zhanget al., 2008a

3,4-Dihydroxy-5,4'-dimethoxybibenzyl [76] | Stem Zhang et al., 2008a

3,4'-Dihydroxy-5-methoxybibenzyl [58] Stem Zhang et al., 2008a

Gigantol [62] Stem Zhang et al., 2008a

Moscatilin [60] Stem Zhang et al., 2008a
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Plant and compound Plant part Reference
Dendrobium gratiosissimun
3,5,4'-Trihydroxybibenzyl [88] Stem Zhang et al., 2008a
Tristin [84] Stem Zhang et al., 2008a
Dendrobium loddigesii
Batatasin 111 [61] Stem Itoetal., 2010
Gigantol [62] Stem Ito etal., 2010
Loddigesiinol C [89] Stem Ito et al., 2010
Loddigesiinol D [90] Stem Ito etal., 2010
Moscatilin [60] Stem Chen, 1994; Ito et al.,

2010

Dendrobium longicornu
Aloifol 1[91] Stem Hu et al., 2008a
Batatasin [92] 1~Stem Hu et al., 2008a
Gigantol [62] Stem Hu et al., 2008a
4-[2-(3-Hydroxyphenol)-1-methoxyethyl]- Stem Huetal., 2008a
2,6-dimethoxyphenol [93]
Longicornuol A [94] Stem Hu et al., 2008a
Moscatilin.[60] Stem Huet al., 2008a
3,3',4-Tmhydroxybibenzyl [95] Stem Huetal., 2008a
Tristin [84] Stem Hu et al., 2008a
Dendrobium moniliforme
Dendromoniliside E [96] Stem Zhao et al., 2003
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Plant and compound Plant part Reference
Dendrobium moscatum
Moscatilin [60] Whole plant | Majumder and Sen,
1987
Dendrobium nobile
Chrysotobibenzyl [63] Stem Zhang et al., 2007a
Chrysotoxin [64] Stem Zhang et al., 2007a
Crepidatin [78] Stem Zhang et al., 2007a
Dendrobin A [97] Stem Zhang et al., 2007a
4,5-Dihydroxy-3,3'-dimethoxybibenzyl [98] Stem Ye and Zhao, 2002
3,4'-Dihydroxy-5,5'- e Hwang et al., 2010
dimethoxydihydrostilbene [99]
Gigantol [62] : Stem Zhang et al., 2007a
4-Hydroxy-3,3',5-trimethoxybibenzyl [ 100] | Stem Ye and Zhao, 2002
3-O-Methylgigantol [77] Stem Hwang et al., 2010
Moscatilin [60] Stem Yang et al., 2007;
Hwang et al., 2010
Nobilin A [101] Stem Zhang et al., 2006
Nobilin B [102] Stem Zhang et al., 2006
Nobilin € [103] Stem Zhang-et al., 2006
Nobilin D [104] Stem Zhang et al., 2007a
Nobilin E [105] Stem Zhang et al., 2007a
Dendrobium plicatile
Batatasin [92] Stem Yamaki and Honda,

1996
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Plant and compound Plant part Reference
Dendrobium plicatile
3-O-Methylgigantol [77] Stem Yamaki and Honda,

Dendrobium rotundatum

Batatasin III [61] | F\ ole plant
Dendrobium trigonopus
Gigantol [62]

Trigonopol A [106]
Trigonopol B [107]

Tristin [84]

1996

Majumder and Pal, 1992

Hu et al., 2008b
Hu et al., 2008b
Hu et al., 2008b

Hu et al., 2008b

9
U

AU INENTNEINS
RINNIUUNIININY




26

Table 3 Distribution of miscellaneous compounds in Dendrobium spp.

Plant and compound Category Plant part Reference
Dendrobium aduncum
Aduncin [108] Sesquiterpene | Plant Gawell and
Leander, 1976
Dendrobium amoenum
Amoenin [109] Sesquiterpene | Whole Dahmen and
plant Leander, 1978;
Majumder, Guha,
and Sen, 1999
Amotin [110] Sesquiterpene, |“Whole Dahmen and
‘ plant Leander, 1978;
Majumder et al.,
1999
Dendrobium aphyllum ,
Dibutyl phthalate [111] Benzoie acid Whole Chen et al., 2008a
ester plant
Diisobutyl phthalate [112] Benzoic acid ‘Whole Chen et al., 2008a
ester plant
p-Hydroxyphenylpropionie ' methyl® ||(Phenylpro- Whole Chen et al., 2008a
ester [113] panoid plant
Dendrgbiuniauraftiacum
Coumarin [114] Coumarin Stem Yang et al., 2006b
Defuscin [115] Phenylpro- Stem Yang et al., 2006b
panoid
Dendroflorin [116] Fluorenone Stem Yang et al., 2006b
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Dendrobium aurantiacum

Dengibsin [117] Fluorenone Stem Yang et al., 2006b

Kaempferol [118] Flavone Stem Yang et al., 2006b

Naringenin [119] Flavanone Stem Yang et al., 2006b

n-Octacosyl ferulate [120] Phenyipie= Stem Yang et al., 2006b

panoid

Taraxerol [121] Triterpene Stem Yang et al., 2006b

Dendrobium chrysanthum

Dengibsin [117] Fltiorenone Whole Yang et al., 2006a
plant

Dendrobium chrysotoxum

Denchrysan A [122] Fluoremone | Whole | Chen etal., 2008¢

: plant

Dendroflorin [116] Fluorenone Whole Chen et al., 2008¢
plant

(9R)-4-Methoxy-9H-fluorene-2,5,9- | Fluorenol ‘Whole Yang et al., 2004

triol [123] plant

1,4,5-Trihydroxy-7-methoxy-9H- Fluorenone Whole Chen et al., 2008c

fluoren-9-one [124] plant

Dendrobium crystallinum

Apigenin [125] Flavone Stem Wang et al., 2009

Crystallinin [126] Sesquiterpene | Stem Wang et al., 2009

Dendronobilin B [127] Sesquiterpene | Stem Wang et al., 2009
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Dendrobium crystallinum

6'""-Glucosyl-vitexin [128] Flavone Stem Wang et al., 2009
glycoside

3-Hydroxy-2-methoxy-5,6- Hydroxybenzoic | Stem Wang et al., 2009

dimethylbenzoic acid [129] acid

Isoviolanthin [130] Flavone Stem Wang et al., 2009
glycoside

Palmarumycin JC2 [134] Diqxane Stem Wang et al., 2009

Syringic acid [132] Hydrexybenzoic | Stem Wang et al., 2009
acid;’ 4

Dendrobium densiflorum

Ayapin [133] Coum_afr_iﬁ Stem Fan et al., 2001

Dengibsin [117] Fluoreﬁéﬁé Stem Fan et al., 2001

Homoeriodictyol [134] Flaval.l;)‘ﬁé—in : Stem Fan et al., 2001

Naringenin [119] Flavanone Stem Fanetal., 2001

Scoparone [135] Coumarin Stem Fan et al., 2001

Scopoletin [136] Coumariii Stem Fan et al., 2001

1,4,7-Trihydroxy-5-methoxy-9H- | Fluorenone Stem Fan et al., 2001

fluoren-9-one [137]

Dendrobium falconeri

Docosanoyl (E)-ferulate [138] Cinnamic acid Stem Sritularak and

ester

Likhitwitayawuid,
2009
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Dendrobium falconeri
p-Hydroxybenzaldehyde [139] Benzaldehyde Stem Sritularak and
Likhitwitayawuid,
2009
p-Hydroxybenzoic acid [140] Hydroxybenzoic | Stem Sritularak and
acid Likhitwitayawuid,
2009
2-(p-Hydroxyphenyl) ethyl-p- Phenylpropa- Stem Sritularak and
coumarate [141] noid Likhitwitayawuid,
2009
Tetracosyl (E)-p-coumarate [ 142] Pheﬁylpropa- Stem Sritularak and
noid.J/, Likhitwitayawuid,
2 2009
Tetracosyl (Z)-p-coumarate [143 | Pheh&lﬁfépa- Stem Sritularak and
noid Likhitwitayawuid,
2009
Dendrobium fimbriatum
Defuscin [115] Phenylpropa- Whele Talapatra,
noid plant Bhaumik, and
Talapatra, 1992
Denfigenin [144] Steroid Whole Talapatra et al.,
plant 1992
Diosgenin [145] Steroid Whole Talapatra et al.,

plant

1992
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Dendrobium fuscescens
Defuscin [115] Phenylpropa- Whole Talapatra, Das, and
noid plant Talapatra, 1989
(-)-Shikimic acid [146] Aliphatic acid | Whole Talapatra et al.,
plant 1989
Dendrobium huoshanense
6-C-(a-Arabinopyranosyl)-8-C-j(2- | Flavone Leafand | Changetal., 2010
O-a-rhamnopyranosyl)=/f- glycoside stem
galactopyranosyl]apigenin [147]
6-C-(a-Arabinopyranesyl)-8-C-[(2- Flziﬁfope Leafand | Changetal., 2010
O-a-rhamnopyranosyl) /- glycoside stem
glucopyranosyl]apigenin [148]
Dimethyl malate [149] Aliphaticlacid | Leafand | Changetal., 2010
CStOr i le. stem
Isopentyl butyrate [1504 Adiphatic-acid—+Feaf and | Changetal., 2010
ester stem
Isoschaftoside [151] Flavone Leafand | Changetal., 2010
glyCoside stem
Malic acid [152] Aliphatic acid | Leafand _ | Changetal., 2010
stem
Phenylacetamide [153] Benzene Leafand | Changetal., 2010
acetamide stem
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Dendrobium huoshanense
6-C-[(2-O-a-Rhamnopyranosyl)-5- | Flavone Leafand | Changetal., 2010
glucopyranosyl]-8-C-(a- glycoside stem
arabinopyranosyl)apigenin [154]
Salicylic acid [155] Hydroxy- Leafand | Changetal., 2010

benzoic.acid stem

6-C-(f-Xylopyranosyl)-8-C=[(2-O-. | Flavone Leafand | Changetal., 2010
a-rhamnopyranosyl)- 3= glycoside stem
glucopyranosyl]apigenin | 156]
Dendrobium loddigesii »
Dehydrovomifoliol [157] Cyélohexanone Stem Ito et al., 2010
(-)-Medioresinol [158] Lign’ap_- Stem Ito et al., 2010
(-)-Pinoresinol [159] [isaane Stem Tto et al., 2010
Sitostenone [160] Sterbid“ Stem Ito et al., 2010
[-Sitosterol [161] Steroid Stem Ito et al., 2010
Stigmasterol [162] Steroid Stem Ito etal., 2010
Dendrobium langicornu
Episyringaresinol [163] Lignan Stem Hu et al., 2008a
Episyringaresinol 4"-0-4-D- Lignan Stem Hu et al., 2008a
glucopyranoside [164] glycoside
Erythro-1-(4-O-f-D- Lignan Stem Huetal., 2008a
glucopyranosyl-3-methoxyphenyl)- | glycoside

2-[4-(3-hydroxy propyl)2,6-
dimethoxyphenoxy]-1,3-
propanediol [165]
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Dendrobium longicornu

Eugenyl-O-f-D-glucopyranoside [166] | Phenylpropa- | Stem Hu et al., 2008a
noid

3-(3-Methoxy,4-hydroxyphenyl)-1- Phenylpropa- Stem Hu et al., 2008a

propanol [167] noid

Methyl f-orsellinate [168] Phenelic Stem Hu et al., 2008a
compound

Naringenin [119] Flavanone Stem Hu et al., 2008a

9--D-Ribofuranosyl-9H-purin-6- Purine Stem Hu et al., 2008a

amine [169] nucleotide

(3S5,4S,5R)-3,4,5-Trihydroxy- 1 - Aliphatic acid | Stem Hu et al., 2008a

cyclohexene carboxylic a¢id

((-)-Shikimic acid) [146] 2

Dendrobium moniliforme d

Acanthoside B [170] Lignan Stem Zhao et al., 2003
glycoside

Dendromoniliside A [17}] Sesquiterpene | Stem Zhao et al., 2003
glycoside

Dendromoniliside B [172] Sesquiterpene | Stem Zhao et al., 2003
glycoside

Dendromoniliside C [173] Sesquiterpene | Stem Zhao et al., 2003
glycoside

Dendromoniliside D [174] Sesquiterpene | Stem Zhao et al., 2003
glycoside

Dendroside A [175] Sesquiterpene | Stem Zhao et al., 2003

glycoside
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Dendrobium moniliforme

Dendroside C [176] Sesquiterpene | Stem Zhao et al., 2003
glycoside

Dendroside F [177] Sesquiterpene | Stem Zhao et al., 2003
glycogide

Vanilloloside [178] Phenolie Stem Zhao et al., 2003
glycoside

Dendrobium nobile

Dendrobane A [179] Se_squiterpene Stem Ye and Zhao, 2002

Dendrobine [180] Sesquiterpene | Stem Wang, Zhao, and
alkél_oid Che, 1985; Ye and

. Zhao, 2002

Dendroflorin [116] F luofcnbne Stem Zhang et al., 2007a

Dendronobilin A [181] Sesqlii-t“erpene Stem Zhang et al., 2007a

Dendronobilin B [127] Sesquiterpene | Stem Zhang et al., 2007a

Dendronobilin C [182] Sesquiterpene | Stem Zhang et al., 2007a

Dendronobilin.D [183] Sesquiterpene, [-Stem Zhang et al., 2007a

Dendronobilin E [184] Sesquiterpene | Stem Zhang et al., 2007a

DendrénobilinF|[185] Sesquitetpene’/| Stem Zhang et al., 2007a

Dendronobilin G [186] Sesquiterpene | Stem Zhang et al., 2007a

Dendronobilin H [187] Sesquiterpene | Stem Zhang et al., 2007a

Dendronobilin I [188] Sesquiterpene | Stem Zhang et al., 2007a

Dendronobilin J [189] Sesquiterpene | Stem Zhang et al., 2007b

Dendronobilin K [190] Sesquiterpene | Stem Zhang et al., 2008b
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Dendrobium nobile
Dendronobilin L [191] Sesquiterpene | Stem Zhang et al., 2008b
Dendronobilin M [192] Sesquiterpene | Stem Zhang et al., 2008b
Dendronobilin N [193] Sesquiterpene | Stem Zhang et al., 2008b
Dendronobiloside A [194] Sesquiterpene | Stem Zhao et al., 2001;
| glyeoside Ye and Zhao, 2002
Dendronobiloside B [195] Sesquiterpenc | Stem Zhao et al., 2001;
| glycoside Ye and Zhao, 2002
Dendronobiloside C [196} ‘Sesquiterpene | Stem Ye and Zhao, 2002
xglycoside
Dendronobiloside D [197] S'c‘_sq‘uiterpene Stem Ye and Zhao, 2002
glycoside
Dendronobiloside E [198] Seéqﬂiferpene Stem Ye and Zhao, 2002
glycoside
Dendroside A [175] Sesquiterpene 7| Stem Zhao et al., 2001;
glycoside Ye and Zhao, 2002
Dendroside B [199] Sesquiterpene | Stem Ye and Zhao, 2002
glycoside
Dendroside C [176] Sesquiterpene | Stem Ye and Zhao, 2002
glycoside
Dendroside D [200] Sesquiterpene | Stem Ye, Qin, and Zhao,
glycoside 2002
Dendroside E [201] Sesquiterpene | Stem Yeetal., 2002

glycoside
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Dendrobium nobile

Dendroside F [177] Sesquiterpene | Stem Yeetal., 2002
glycoside

Dendroside G [202] Sesquiterpene | Stem Yeetal., 2002
glycoside

7,12-Dihydroxy-5-hydroxymethyl-11- | Sesquitcipene | Stem Shu, Zhang, and

isopropyl-6-methyl-9- glycoside Guo, 2004

oxatricyclo[6.2.1 .0*lundecan-10-one-

15-O-p-D-glucopyranoside [203]

3-Hydroxy-2-oxodendrebing [ 204] Alkaloid Stem Wang et al., 1985

Lirioresinol A [205] Lignan Stem Zhang et al., 2008¢

Medioresinol [206] Lignan Stem | Zhang et al., 2008¢

Nobilone [207] Eluorenone Stem Zhang et al., 2007a

Pinoresinol [208] Liéﬂaﬁ : Stem Zhang et al., 2008c

Protocatechuic acid [209] Benzoic acid Stem Ye and Zhao, 2002

Syringaresinol [210] Lignan Stem Zhang et al., 2008¢c

106,12,14- Sesquiterpene, A4-Stem Ye and Zhao, 2002

Trihydroxyalloaromadendrane [211]

Dendrobiurm ochreatum

Dendrosteroside [212] Steroid Plant Behr and Leander,
glycoside 1976

Epiochreasteroside [213] Steroid Plant Behr and Leander,
glycoside 1976

Ochreasteroside [214] Steroid Plant Behr and Leander,
glycoside 1976
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Dendrobium thyrsiflorum
Chrysophanol [215] Anthraquinone | Stem Zhang et al., 2005
Daucosterol [216] Steroid Stem Zhang et al., 2005
ycoside
Denthyrsin [217] Stem Zhang et al., 2005
Emodin [218] Zhang et al., 2005

Physcion [219] 7

Scoparone [135]
[-Sitosterol [161]
Dendrobium trigonopu

3-(4-Hydroxy-3-methox
propen-1-ol [220]

Naringenin [119]

(-)-Syringaresinol [224
Y

Zhang et al., 2005
Zhang et al., 2005

Zhang et al., 2005

Hu et al., 2008b

Hu et al., 2008b

Hu et al., 2008b
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Figure 2 Structure of phenanthrenes isolated from Dendrobium spp.

37



Ri Ry R3 R4
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Figure 2 Structure of phenanthrenes isolated from Dendrobium spp. (continued)
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Figure 2 Structure of phenanthrenes isolated from Dendrobium spp. (continued)
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Figure 2 Structure of phenanthrenes isolated from Dendrobium spp. (continued)
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Figure 2 Structure of phenanthrenes isolated from Dendrobium spp. (continued)
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Figure 2 Structure of phenanthrenes isolated from Dendrobium spp. (continued)
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[52] 2 7-D1hydr0xy- ng- 9,10-dihydrophenanthrene

Denthyrsinol [55] Denthyrsinone [56]

Figure 2 Structure of phenanthrenes isolated from Dendrobium spp. (continued)
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Figure 3 Structure of bibenzyls isolated from Dendrobium spp.
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Figure 3 Structure of bibenzyls isolated from Dendrobium spp. (continued)
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Figure 3 Structure of bibenzyls isolated from Dendrobium spp. (continued)
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Figure 3 Structure of bibenzyls isolated from Dendrobium spp. (continued)
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Figure 3 Structure of bibenzyls isolated from Dendrobium spp. (continued)
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Figure 3 Structure of bibenzyls isolated from Dendrobium spp. (continued)
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Figure 4 Structure of miscellaneous compounds isolated from Dendrobium spp.
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Figure 4 Structure of miscellaneous compounds isolated from Dendrobium spp.
(continued)
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Figure 4 Structure of miscellaneous compounds isolated from Dendrobium spp.
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Figure 4 Structure of miscellaneous compounds isolated from Dendrobium spp.
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Figure 4 Structure of miscellaneous compounds isolated from Dendrobium spp.
(continued)
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Figure 4 Structure of miscellaneous compounds isolated from Dendrobium spp.
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Figure 4 Structure of miscellaneous compounds isolated from Dendrobium spp.
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Figure 4 Structure of miscellaneous compounds isolated from Dendrobium spp.
(continued)
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Figure 4 Structure of miscellaneous compounds isolated from Dendrobium spp.
(continued)
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Figure 4 Structure of miscellaneous compounds isolated from Dendrobium spp.
(continued)
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Figure 4 Structure of miscellaneous compounds isolated from Dendrobium spp.
(continued)



61

2. Traditional uses and biological activities of Dendrobium spp.

The stems of several Dendrobium species are widely used in traditional
Chinese medicine as “Shi-Hu” (Herba Dendrobii). Shi-Hu are used as a Yin tonic to
nourish the stomach, promote the production of body fluid and reduce fever (Bensky
and Gamble, 1993).

A series of chemical components including bibenzyls, phenanthrenes,
sesquiterpenes and sesquiterpene glycosides have been previously identified from
Dendrobium species, and some of them /were found to possess antioxidant, anti-
inflammatory, immunomodulatory, antiplatclét aggregation activities, cytotoxicity
and antitumor activity.

Bibenzyl derivatives [60,:64, 78, 104, 105], a phenanthrenes [24], a lignan
[210] and a fluorenonc [116] were isolated from D. nobile, and exhibited significant
antioxidant activity in‘the DPPH assay with ICso values 0f 21.8, 14.0, 14.5, 19.9, 21.0,
12.9, 9.8 and 16.2 uMrespectively (Zhar;’g etal.; 2007a; Zhang et al., 2008c).

Phenanthrenes iSolated from D nobile, including erianthridin [36],
ephemeranthol A [34], coelonin {21, epﬁ'e’rriéranthol C [35] and lusianthridin [4]
exhibited significant inhibitory effects on r'ﬁ}fi’cnoxide production in macrophage cells
with ICsq values of 19.5, 12.0, 10:2,-17.6, 96u11\/[, respectively (Hwang et al., 2010).

Previous repoits demonstrated that s.é-{./?c“fiail'compounds from this genus possess
potent cytotoxic effect against many cancer cell lines. Denthyrsin [217], denthyrsinol
[55], denthyrsinone [56] and denthyrsinin [54] from D. thyrsiflorum showed
significant cytotoxicity against Hela, K-562 and MCF-7 cells (Zhang et al., 2005).
Furthermore, four' bibenzyl |derivatives, meoseatilin | [60]; gigantol [62], dengraol A
[86] and dengraol B [87] from D. gratiosissimum, inhibited proliferation of HL-60
cells with ICsprvalees of 0:082; 10.6, 2.1,06:4nM;respeetively (Zhang et al., 2008a).
Three fluorenones from D. chrysotoxum including dendroflorin“[116], denchrysan A
[122] and 1.,4,5-trihydroxy-7-methoxy-9-fluorenones [124] displayed selective
cytotoxicity against human hepatoma (BEL-7402) with 1Csy values of 0.97, 1.38 and
1.49 pg/ml, respectively (Chen et al., 2008c).

Moscatilin [60], a bibenzyl found in several Dendrobium species, exerted
potent cytotoxic effect against lung and stomach cancer cells (Ho and Chen, 2003),

induced apoptosis of human colorectal cancer cells through tubulin depolymerization
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and DNA damage (Chen et al., 2008a), and suppressed tumor angiogenesis and
growth in vitro and in vivo (Tsai et al., 2010).
Sesquiterpene glycosides from D. nobile, dendroside A [175] and dendrosides
D-G [200, 201, 177, 202], were reported to stimulate significantly the proliferation of
mouse T and/or B lymphocytes in vitro (Zhao et al., 2001 and Ye et al., 2002).
Moscatilin [60], gigantol [62], homoeriodictyol [134] and scoparone [135]

from D. densiflorum were found to exhibit antiplatelet aggregation activity on rat

AU INENTNEINS
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CHAPTER III
EXPERIMENTAL

1. Source of plant materials

The fresh stems of Dendrobium secundum (Blume) Lindl. were purchased
from Jatujak market, Bangkok, in September 2009. Authentication of the plant was
performed by comparison with a herbarium specimen (BKF No. 110498) at the
National Park, Wildlife and Plant ConsérvationsDepartment, Ministry of Natural
Resources and Environment-and identified -by~Asso. Thatree Phadungcharoen
(Department of Pharmacegnosy and Pharmaccutical Botany, Faculty of
Pharmaceutical Sciences, Chulalongkorn University). A voucher specimen (DS/BS-
092552) is deposit at'the Department of’ ‘-Pharmacognosy and Pharmaceutical Botany,

Faculty of Pharmaceuti€al Seiences, €hulalongkorn University, Bangkok, Thailand.

2. General techniques

2.1 Analytical thin-layer chromat'o':’g_‘r_aphy (TLC)

Technique : One-dimension, é{.é.cending

Absorbent : Silica gel 60 F254(E Merck).precoated plate

Layer thickness - 0:2-mm

Distance Y 6.5 cm

Temperature : Laboratory temperature (30-35°C)

Detection i L Ultravieoletlight at'wavelengths of 254 and 365 nm

2. Anisaldehyde and heating at 105°C for 10 min

2.2 Columu chromatography
2.2.1 Vacuum liquid chromatography

Adsorbent : Silica gel 60 (0.063-0.200 mm) No.07734 (E. Merck)
Packing method : Dry packing
Sample loading : The sample was dissolved in a small amount of organic

solvent, mixed with a small quantity of adsorbent,
triturated, dried and then placed gently on top of the

column.
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Detection : Fractions were examined by TLC under UV light at the
wavelengths of 254 and 365 nm

2.2.2 Flash column chromatography

Adsorbent : Silica gel 60 (0.040-0.063 mm) No0.09385 (E. Merck)
Packing method : Wet packing
Sample loading : The sample was dissolved in a small amount eluent

and then applied gently on top of the column.
Detection : Fractions wete examined in the same way as described

m-section2.2.1

2.2.3 Gel fileration chromatography

Adsorbent : Sephadex LH 20 (Pharmacia)

Packing method : Gel filter we;s suspended in the eluent and left standing
to sWell fot;;f‘_2;i hours prior to use. It was then poured
into'the colur’ﬁﬁ and allowed to set tightly.

Sample loading : Thesample W£$Qi_ssolved in a small amount eluent
afid-then appliéfl} gently on top of the column.

2.3 Spectroscopy
2.3.1 Ultraviolet (UV) absorption spectra
UV (in methanol) spectra were obtained on a Shimadzu UV-160A
UV/VIS spectrophotometer”(Pharmaceutical Research™Instrumient Center, Faculty of

Pharmaceutical Sciences, Chulalongkorn University).

2.3.2 Infrared spectra
Infrared spectra were obtained on a Perkin-Elmer FT-IR 1760X
spectrophotometer. (Scientific and Technological Research Equipment Center,

Chulalongkorn University).

2.3.3 Mass spectra
Mass spectra were recorded on a Bruker microTOF mass spectrometer

(National Center for Genetic Engineering and Biotechnology).
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2.3.4 Proton and carbon-13 nuclear magnetic resonance (‘H and
BC-NMR) spectra

'H NMR (300 MHz) and *C NMR (75 MHz) spectra were obtained
with a Bruker Avance DPX-300 FT-NMR spectrometer (Faculty of Pharmaceutical
Sciences, Chulalongkorn University).

"H NMR (500 MHz) and ">C NMR (125 MHz) spectra were obtained
with a JEOL JMN-A 500 NMR spectrometer (Scientific and Technological Research
Equipment Center, Chulalongkorn University).

Solvents for NMR spectra were deuterated chloroform (chloroform-d)
and deuterated acetone (acetone-ts). Chémical shifisswere reported in ppm scale using

the chemical shift of the solvent as the reference signal.

2.4 Physical property 7

2.4.1 Optical rotation ;

Optical rotations were meélsﬁred on a Perkin Elmer Polarimeter 341
(Pharmaceutical Research' [ngtrument Ceﬁt'er‘,' Faculty of Pharmaceutical Sciences,
Chulalongkorn University). 2L ‘

2.5 Solvents YT
All organic solyents-empioyed throughout this woik were of commercial grade

and were redistilled prior to use.

3. Extraction anddisolation

3.1 Extraction

The dried stems (1.6.kg). were, chopped,. ‘ground .and theén macerated with
MeOH (3x10'L) to'give, after tenioval-of the solvent,'a MeOH lextract(206 g).

3.2 Separation of methanol extract

The MeOH extract (206 g) was separated by vacuum liquid chromatography
(VLC) using a sintered glass filter column of silica gel (No.07734, 650 g). The
methanol extract was dissolved in a small amount of CH,Cl,, triturated with silica gel
(No.07734) and dried under vacuum. Elution was performed in a polarity gradient

manner with n-hexane-EtOAc (100:0 to 0:100) and CH,Cl,-MeOH (95:5 to 0:100).
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The eluates were collected 500 ml per fraction and examined by TLC (silica gel, n-
hexane-EtOAc 7:3) to vyield forty four fractions. Fractions with similar
chromatographic patterns were combined to yield eight fractions: A (176.3 mg), B
(5.63¢g),C(3.56¢g),D (4.52 g), E(1.632),F(2292),G(16.82g),H(73.70 g).

3.2.1 Isolation of compound DS1 (brittonin A)

Fraction F (2.29 g) was separated by flash column chromatography (FCC) on
a silica gel (No. 09385) column. Elution wasperformed in a polarity gradient manner
with mixtures of n-hexane and EtOQAe" (8:2). Fractions showing similar
chromatographic patterns-were combined (TLC; siliea gel, n-hexane-EtOAc 1:1) to
yield eleven fractions: F1 (21«6 mng), F2 (243.5 mg), I3 (229.9 mg), F4 (207.8 mg),
F5 (380.9 mg), F6 (117.7.mg); F7 (237.9 mg), F8 (298.2 mg), F9 (41.1 mg), F10
(145.6 mg), F11 (39.2'mg). J

Fraction F3 (229.9 mg) was furtl;ler separated on a Sephadex LH20 column
(CH,CL,-MeOH, 1:1) to give five fractioné:_ I;3A (25.7 mg), F3B (183.7 mg), F3C (4.3
mg), F3D (2.3 mg), F3E (5.6 mg). Sepér‘ation of fraction F3B (183.7 mg) was
performed on a silica gel, CH,Cl,=MeOH, 99'505) to afford compound DS1 as white
needles (110.0 mg, Ry 0.5, siliea gel, CH—zCi';—MeOH, 99:1). It was identified as
brittonin A. A

3.2.2 Isolation of compound DS2 (mescatilin)

Fraction G (16.82 g) was separated by VLC over silica gel, eluted with
CH,Cl1,-MeOH gradiefit| (99: I to 0:100) o give (six~fractionis: G1 (535.5 mg), G2
(522.6 mg), G34(2.74 g), G4 (1.31 g), G5 (1.32'g), G6 (7.55'g).

Fraction.G3.(2.74 g) was.separated by FCC over silica gel,"(n-hexane-EtOAc,
7:3) to give seven fractions: G3 A (21.7'mg), G3B{(609.8.mg), G3C (785.3 mg), G3D
(167.3 mg), G3E (121.7 mg), G3F (437.0 mg), G3G (37.1 mg). Fraction G3D (167.3
mg) was further separated on Sephadex LH 20 (MeOH) to give seven fractions: G3D1
(37.1 mg), G3D2 (20.4 mg), G3D3 (87.9 mg), G3D4 (3.0 mg), G3D5 (2.0 mg), G3D6
(2.8 mg), G3D7 (2.7 mg). Fraction G3D3 (87.9 mg) was subjected to repeated FCC
over silica gel, eluted with CH,Cl, to yield compound DS2 as a yellow amorphous
solid (37.0 mg, Rf 0.3, silica gel, CH,Cl,-MeOH, 98:2). It was identified as

moscatilin.
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3.2.3 Isolation of compound DS3 (4,5,4'-trihydroxy-3,3’-dimethoxy
bibenzyl)

Fraction G4 (1.31 g) was separated by FCC (silica gel; CH,Cl,-acetone, 97:3)
to give eleven fractions: G4A (9.6 mg), G4B (7.2 mg), G4C (4.9 mg), G4D (33.0 mg),
G4E (57.7 mg), G4F (177.7 mg), G4G (587.0 mg), G4H (154.9 mg), G4I (89.4 mg),
G4J (139.1 mg), G4K (62.4 mg). Fraction G4E (57.7 mg) was subjected to repeated
FCC over silica gel, eluted with n-hexane-EtOAc (4:1) to afford compound DS3 as a
yellow amorphous solid (5.1 mg, R¢ 0.29; silica gel, n-hexane-EtOAc, 1:1). It was

characterized as a new compound named 4,54 “tuhydroxy-3,3'-dimethoxybibenzyl.

3.2.4 Isolation of compound DS4 (syringaresinol)

Fraction G4G (5870 myg) was subjected to Sephadex LH 20 (MeOH) gel
filtration to give seven fraetions; G4G1 ‘-(7l6.3 mg), G4G2 (232.9 mg), G4G3 (101.6
mg), G4G4 (144.1 mg); G4G5/(20.4 mg);*G4G6 (14.1 mg), G4G7 (2.0 mg). Fraction
G4G3 (101.6 mg) was subjected to FCC (sﬂlca gel; n-hexane-EtOAc, 7:3) to give six
fractions: G4G3A (4.1 mg), G4G3B'(6.1 mg);-'G4G3C (12.7 mg), G4G3D (47.3 mg),
G4G3E (11.2 mg), G4G3F (11.7°mg). Fréf?t_iqn G4G3D (47.3 mg) was subjected to
repeated FCC over silica gel, eluted with !‘."JCHZCIZ—MeOH (99.6:0.4) to afford
compound DS4 as white needles (22.2 mg,'f{‘f:(ill', silica gel, CH,Cl,-MeOH, 95:5). It

was identified as syringaresmot:

3.2.5 Isolation of compound DSS (ferulic acid)

Fraction 'G411(8914/mg) r'was |separated on/SephadexEH 20 (MeOH) to give
five fractions: G411 (18.5 mg), G412 (30.1 mg), G4I3 (10.8 mg), G414 (20.7 mg),
G415 (3.8 mg)..Fraction G414.(20.7 mg).was.subjected .to repeated. ECC over silica
gel, eluted” with CH,Cl;-MeOH (98.5:1.5) to afford cempound DS5 as a white
amorphous solid (7.4 mg, R¢0.36, silica gel, CH,Cl,-MeOH, 9:1). It was identified as

ferulic acid.
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Fraction G4 (1.31 g)

| FCC (silica gel; CH,Cl,: acetone, 97: 3)

Fractions G4A-DFraction G4E Fraction G4F Fraction G4G  Fraction G4H Fraction G4  Fractions
57.7 mg 587.0 mg 89.4 mg G4J-K
FCC (silica gel; GF (Sephadex LH20,
hexane: EtOAc, 4: 1) MeOH)
Fractions Fractions DS3 , Fractions Fraction G414 ZTICSUOH
G4E1-G4E5 G4E6-G4ES 5.1 mg AIL-GAI3 20.7 mg

FCC (silica gel;
CH,Cl,: MeOH, 98.5: 1.5)

| /e \ “Fra G414A-B DS5 Fractions G414D-E
GF (S ] ] 7.4 mg

4= Fractions /s

R a3l T T

Scheme 4 Separation of fraction G of the MeOH extract (continued)
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4. Physical and spectral data of isolated compounds

4.1 Compound DS1 (brittonin A)

Compound DS1 was obtained as white needles, soluble in CH,Cl, (110.0 mg,
68.75 x 10 % based on dried weight of stems).

ESI-MS
FT-IR
Uuv

'H NMR
BC NMR

: [M+H]" ion at m/z 363.18; Figure 5
: 1592, 1506, 1469, 1423, 1127 cm™'; Figure 6

: Amax NM (log €), in methanol; Figure 7

219 (4.23), 269.(2.94)

: 0 ppm, 300.MHz, in CDCl5;8¢ce. Table 4, Figure 8
: O ppm, #5*MHz; 1n CBCl;; seeFigure 9

4.2 Compound DS2"(moscatilin)

Compound DS2 was obtained as a yellow amorphous solid, soluble in CH>Cl

(37.0 mg, 23.12 x 107 % based on dried weight of stems)

ESI-MS
FT-IR
uv

"H NMR
BC NMR

: [M+H} iod agm/z 305:14; Figure 10
: 3446, 2938, 16145 1515, '146'3, 1456, 1214 cm™; Figure 11

: Amax N (l0g €);in methaﬁb[;’_ Figure 12

219 (4.2), 281 (3.6) =

: & ppm, 300 Mz, in CDCl;; see Tabie 5¢Figure 13
: 0 ppm, 75 MHZ, in CDCIl3; sée Table 5, Figure 14

4.3 Compound DS3 (4,5,4'-trihydroxy-3,3'-dimethoxybibenzyl)

Compound DS3 was obtained as a‘yellow amorphoussolid, soluble in CH,Cl,

(5.1 mg, 3.19 x40™ % based on dried weight of stems).

HR-ESI-MS
IR
[0A%

"H NMR
BCc NMR

: [M-+Na]~ion-at-m/z 3,13.1049; Figure-] 7
:3419,2934, 17211609, 1515, 1463, 1455, 1202 'cnr'; Figure 18

: Amax N (log €), in methanol; Figure 19

219 (4.1), 281 (3.4)

: 0 ppm, 500 MHz, in CDCls; see Table 6, Figure 20
: 0 ppm, 125 MHz, in CDCls; see Table 6, Figure 21
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4.4 Compound DS4 (syringaresinol)
Compound DS4 was obtained as white needles, soluble in CH,Cl, (22.2 mg,
13.88 x 10% based on dried weight of stems).

ESI-MS : [M+Na]" ion at m/z 441.15; Figure 25
FT-IR : 3418, 1614, 1519, 1456 cm™; Figure 26
uv : Amax N (log €), in methanol; Figure 27
218 (4.26), 272 (3.33)
"H NMR : 0 ppm, 300 MHz, in CDCl;; see Table 7, Figure 28
BC NMR : 0 ppm, 75 MHz, in CDCl;: sec Fable 7, Figure 29
[a]*’p : -73.4 °(e0:000346; McOH)

4.5 Compound DS5'(ferulic acid)
Compound DS5 was obtained as a white solid, soluble in acetone (7.4 mg,

4.62 x 10™* % based onddricd weight of stems).

ESI-MS - [M+Naf" igh dt m/z217:05; Figure 32
FT-IR : 3436, 1683, 1622; 1600, 15 15, 1433 cm™'; Figure 33
uv : Amax N (lOg €); 10 methaﬁi}_[;_ F igure 34
220 (3.91), 233 (3.83). 321%(3!.56)
'"H NMR : 8 ppm, 300 MHz, in acetdﬁé;aé; seeTable 8, Figure 35

BC NMR : & ppm, 75 MHZ, in acetone-0s; see Table 8, Figure 36

5. Determination of free radical scavenging activity
5.1 DPPH radical scavenging activity assay

5.1.1 Preparation of test sample

The-assay was-performed raccording to, anrestablished protocol (Braca et
al., 2002). The test compound (1.0°mg) was dissolved'in~1 ml methanol (or suitable
solvent) and diluted with methanol until a suitable range of concentration (mg/ml)
was obtained. The concentration was expressed as UM in final concentration. For
example, DS1 (MW 362) at 1.0 mg/Iml was equal to 2762 uM (1.0 mg/1ml / 362).
For each well, 20 ul of test solution was added to the reaction mixture to furnish the

total volume of 200 pl. The final concentration was calculated by the formula below.
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N1V1 = N2V2
Ny = Beginning concentration (uM)
A\ = Beginning volume (pl)
N> = Final concentration (LM)
V, = Final volume (pl)

Thus, the final concentration,of DS1 solution =2762 uM x 20 ul / 200 ul
=276.2 uM

5.1.2 Preparation.of DPPHgsolution (100 pM)
DPPH (2 mg)was.dissolved in 100 ml of methanol, and the solution was

stirred for 30 min.
5.1.3 Measurement of activitgf
The test sample (20" ul) was added to 180 pl DPPH solution (100 uM) in
96-well plate. The solution mixture was ir}ggbated at 37°C for 30 min and then the
absorbance of each well was measured at 510 nm. The DPPH solution (180 ul) mixed

with methanol (20 pl) was used as niegative control. Quercetin and Trolox® were used

as reference compounds.

5.1.4 Calculation of percent inhibition of DPPH radical scavenging
activity

The pereentage of DPPH reduction was calculated as follows.
% DPPH reduction = (A-B) x 100/ A

A = The absorbance of DPPH solution after incubation at 510 nm
B = The absorbance of the reaction mixture after incubation at 510 nm
For ICsy evaluation of pure compounds, a graph showing concentration

versus % DPPH reduction was plotted. The ICsy was calculated from the graph.
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5.2 Superoxide radical scavenging activity assay
5.2.1 Preparation of test sample
The assay was conducted according to a reparted method (Dasgupta and
De, 2004). The test compound (0.25 mg) was dissolved in 1 ml of 30% methanol in
50 mM sodium phosphate buffer, pH 7.8. The concentration was expressed as pg/ml
in final concentration. For each well, 80 ul of test solution (250 pg/ml) was added to
the reaction mixture to furnish the total volume of 200 ul. The final concentration was

calculated by the formula below.

N1V1 = N2V2
Ny =Beginning concentration (pg/ml)
Vi  #Beginning volume (ul)
N» =#Final concentr;tion (ng/ml)
V, = Binal volume (j,rl) :

Thus, the final'concentration Of_‘t.@Stl solution = 250 pg/ml x 80 ul /200 ul

i

s22h4 =100 ug/ml

5.2.2 Preparation of nitroblue tetrazolium (NBT) solution (750 pM)
NBT (6.1"mg) was dissolved in 10 ml of 50 mM sodium phosphate buffer,
pH 7.8.

5.2.3 Preparation of methionine solution (130 mM)
Methionine (0.194 g) was dissolved in-10 ml of 50 mM sodium phosphate
buffer,pH 7.8.

5.2.4 Preparation of riboflavin solution (20 pM)
Riboflavin (0.753 mg) was dissolved in 10 ml of 50 mM sodium
phosphate buffer, pH 7.8.
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5.2.5 Preparation of EDTA solution (1 mM)
EDTA (3.722 mg) was dissolved in 10 ml of 50 mM sodium phosphate
buffer, pH 7.8.

5.2.6 Measurement of activity

The test sample (80 pl) was added to a mixture containing 50 mM sodium
phosphate buffer, pH 7.8 (40 ul), 130 mM methionine (20ul), 20 uM riboflavin
(20ul), 1 mM EDTA (20ul), and 750 uM NBT (20ul) in a 96-well plate. The
production of blue formazan was followed by menitoring the increase in absorbance
at 570 nm after a 10-min illumination froni a fluorescent lamp. The entire reaction
assembly was enclosed in aboxdined with aluminium foil. The reaction mixtures that
were kept in the dark seryed as blank. The 30 % methanol solution in 50 mM sodium
phosphate buffer, pH 7.8 (80,/11l) mixed with reaction mixture was used as negative
control. Trolox® was uSed as a'roference abmpound.

5.2.7 Calculation of percéritn inhibition of superoxide radical

v ol o

scavenging activity

a2 Ay

The percentage of inhibition Wa_s?ah_:ulated as follows.

o el

% Inhibition = (A-B) x 100/ A

A = The absorbance of the negative control at 570 nm

B'= The absorbanee of the reaction mixture at 570 nm



CHAPTER IV
RESULTS AND DISCUSSION

The dried powdered Dendrobium secundum stems (1.6 kg) were macerated
with MeOH. The MeOH extract (206 g) was separated using several chromatographic
techniques to afford five pure compounds (DS1-DS5). The structure determinations of
all of these isolates were carried out by interpretation of their UV, IR, MS and NMR

data, and further comfirmed by comparison with literature values.

1. Structure determination of isolated compounds
1.1 Structure detérmination of éo?npound DS1

Compound DS1 swas obtained alé_ ;vhite ncedles. The ESI-MS (Figure 5)
showed an [M+H]" ion at m/z 363.18; suggesting the molecular formula CaoHa40s.

¥

i

The IR spectrum (Figure 6) showed é;}g,sorption bands at 1592, 1506, 1469,
1423 cm™ for aromatic groups: The UV at)'_sgrptjons (Figure 7) at 219 and 269 nm

were indicative of a bibenzyl derivative (Zhang et al., 2007a).

The 'H NMR spectrum (Figure 8 and Table 4)-of compound DS1 showed a
singlet (18H) at 6 3.84 representing six aromatic methoxyl groups, a broad singlet at 6
2.86 (4H, Hy-¢rand Hp-a') fot four methylene protonsyof a bibenzyl derivative. The
spectrum also reyealed signals for four aromatic protons, appearing as a four-proton

broad singlet.at-d 638 (H-2, H-6,-H-2'.and H-6").

The C NMR spectrum (Figures 9) exhibited twenty carbon signals and
showed a signal for two methylene carbons at 6 38.4 (C-a and C-a'). Through
comparison of its 'H NMR, MS, IR and UV data with reported values (Asakawa,
Tanikawa, and Aratani, 1976), DS1 was identified as brittonin A.
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Table 4 NMR Spectral data of compound DS1 (CDCls) and brittonin A (CDCls)

Compound DS1 Brittonin A
Position
Ou Sc Ou
L1 - 137.3 -
2,6,2',6' 6.38 brs 105.6 6.33s
3,5,3".5' - 153.0 -
4.4 137.3 -
o, o 2.80s
4,4'-OMe 3.83s
3,5,3',5'-0 3.83s

AULINENINYINS
ARVAINTRAHA VLA
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1.2 Structure determination of compound DS2

Compound DS2 was obtained as a yellow amorphous solid. The ESI-MS
(Figure 10) showed an [M+H]" ion at m/z 305.14, suggesting the molecular formula
C17H200s.

The IR spectrum (Figure 11) showed an absorption band at 3446 cm™ for
hydroxyl groups and bands at 1614, 1515, 1463, 1456 cm™ for aromatic groups. The
UV absorptions (Figure 12) at 219 and 28 I nm were similar to those of DS1. The 'H
NMR spectrum (Figure 13 and Table 5) of eompound DS2 showed a singlet (9H) at &
3.86 for three aromatic methoxyl groups, a smglet(4H) at 6 2.84 (H,-a and H,-a") for
four benzylic methylene protens.of a bibenzyl derivative. The spectrum also revealed
signals for five aromatic protons, two \of which appeared as a two-protons broad
singlet at 8 6.38 (H-2"and H-6). The remaining three protons resonated at 8 6.63 (1H,
brs, H-2"), 8 6.86 (1Hyd, J = 81 Hz, H—5'§:, and 6 6.70 (1H, brd, J = 8.1Hz, H-6")

The °C NMR, DEPT 90, and DEﬁ'_r_. 135 spectra (Figures 14-15 and Table 5)
exhibited seventeen carbOn signals, corresiabnding to three methyls, two methylenes,
five methines and seven quateriaty carbons; Tﬁé spectrum showed the two methylene
carbon signals appeared at & 37.8(C-a ) an%l-’& 38.3 (C-a). The NOESY (figure 16)
interaction between H-2"and the methoxyl protons.at 8.3:86 suggested the location of

this methoxyl group at-€-3".

Through comparison. of its 'H and °C NMR, MS, IR and UV data with
reported values (Majumder and Sen; 1987), DS2 was identified as moscatilin [60].
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Table S NMR Spectral data of compound DS2 (CDCl3) and moscatilin (CDCls)

Compound DS2 Moscatilin
Position
Su d¢ Su dc
1 - 132.9 - 132.8
2,6 6.38 brs 105.3 6.30 s 105.2
3.5 - 146.8 ; 146.8
4 ; 133.5
I A\ 132.8
2 63brs. | _6..60d(J=2.0 Hz) 111.2
3 146.1
4 3.5 - 143.7
5 6.86 d (& 141 677d(=80H) 1141
6 6.70 br ¥~ 1210\ 674 dd d(J=80,20H7) 1210
o 2.79 37.8
o 2.79 383
3,5-OMe 3.81's 56.2
3-OMe 3.81s 55.8

5

( (§]

QW’]Q\l 1’1'1'37]8’1@%]

moscatilin [60]
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1.3 Structure determination of compound DS3

Compound DS3 was obtained as a yellow amorphous solid. The positive HR-
ESI-MS (Figure 17) exhibited an [M+Na]" ion at m/z 313.1049 (calcd. for 313.1052;
Ci6H3NaOs), suggesting the molecular formula C6H;50s.

The IR spectrum (Figure 18) showed absorption bands for hydroxyl (3419
cm’™") and aromatic (1609, 1463 cm™) groups. The UV absorptions (Figure 19) at 219

and 281 nm were similar to those of DS2.

The 'H NMR spectium (Figure 20 afd“Table6) of compound DS3 exhibited a
pair of two-proton multiplets-at§.2.75 ZHz—oc) and. & 2.78 (Hz-a'). The 'H-"H COSY
spectrum of compound. PS4 showed an ABM coupling system representing three
aromatic protons at 6 6,60 (LH,/«d; J = 20 Hz, H-2'), 6 6.65 (1H, dd, J = 8.0, 2.0 Hz,
H-6") and & 6.80 (1H, d¢'J = 8.0 Hz, H-_Sfj. The “C NMR spectrum (Figure 21 and
Table 6) displayed sixteen earbon sign?,ls",' corresponding to two methoxyls, two
methylenes, five methifies and seven quate}gagy carbons. The methylene protons were
correlated to two methyléne carbon signalfs_.-’_at 0 38.2(C-a) and & 37.7 (C-a) in the
HSQC spectrum (Figure 22). The NOESY:si)‘é‘ctrum (Figure 23a, 23b) exhibited a
cross-peak between H-2'" and the methoxyl'ﬁ-rdfons at & 3.83. These 'H NMR spectral
properties indicated-that compound DS3 had a B-ring substitution pattern similar to
that of compound DS2-(moscatilin). The fact that the molecular weight of compound
DS3 was 14 amu lower than that of compound DS2 suggested that ring A of
compound DS3.had only, one methoxyl group.,This methoxyl.group should be located
at C-3 of ring'A, as‘supporied by'the NOESY interaction between H-2 (6 6.21) and
MeO-3 protons (6 3.80). This was confirmed by‘the HMBC cortelations (Figure 24)
from C-a to H-2'and H=6, andifrom C:e’ to H-2' and H-6".

Based on above spectral evidence, compound DS3 was characterized as 4,5,4'-

trihydroxy-3,3'-dimethoxybibenzyl. This structure was unknown prior to this study.



Table 6 NMR Spectral data of compound DS3 (CDCls)
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Position Su 8c  HMBC (correlation with "H)

1 - 130.4 2%, 6%, o

2 6.21 d (J=2.0 Hz) 103.5 6, a

3 - 146.6 2% 3-OMe

4 - 133.7 2

5 \ 6*

6 6.42d (J=20Hz) 9 2,0

1’ ' 2% 5" a, a'*

2/ 6.60 6, o

3/ 2'*,5' 3'-OMe

4 2/, 5% ¢

5’ 17 )gmn 6"

6 6.65 dd 0 12y L\ 2, 5%, o

o ' 12 ‘ 2,6, 0'*

o 2,6, o*
3-OMe -
3-OMe -

>
*  Two-bond couipli

J
AU

2

4,5,4'-trihydroxy-3,3'-dimethoxybibenzyl [223]
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1.4 Structure determination of compound DS4

Compound DS4 was obtained as white needles, [a]*p -73.4 (¢ 0.000346,
MeOH). The ESI-MS (Figure 25) showed an [M+Na]" ion at m/z 441.15, suggesting

the molecular formula C,;H»605.

The IR spectrum (Figure 26) showed absorption bands for hydroxyl groups
(3418 cm™) and aromatic groups (1614, 1519, 1456 cm™). The UV spectrum (Figure
27) showed absorptions at 218 and 272 nm;

The 'H NMR spectium (Figure 28 and Table 7) of compound DS4 showed a
singlet (12H) at 6 3.91 for four aromati(;methoxyl groups. The spectrum also revealed
signals for four aromaticsprotens, appearing as a broad singlet (4H) at 6 6.60 (H-2, H-
6, H-2'and H-6"). "

The *C NMR#DEPT 90, DEPT 135 and HMQC spectra (Figures 29-31 and
Table 7) exhibited 22 carbon signals, corfésﬁonding to four methyls, two methylenes,
eight methines and eight quaternary carb('jﬁ's.""Through comparison of its 'H and "°C
NMR, MS, IR and UV data With‘reporte:gli‘ lfv__a&lﬂues (Zhang et al., 2008¢c), DS4 was

identified as syringaresinol [210]: —

-



Table 7 NMR Spectral data of compound DS4 (CDCI;) and syringaresinol (CDCls)

Compound DS4 Syringaresinol
Position
Su 8¢ Su 3¢
L1 - 132.0 - 132.1
2,2 6.60 brs 102.7 6.58s 102.7
3,3 - 147.1 - 147.2
4.4 1343
5,5' 147.2
6,6’ | 102.7
7,7 . . 8.0 4.73brd(J=43Hz) 86.1
8.8’ ARTEN 3.09 m 54.3
9,9’ 4.28 m 71.8
3,5-OMe 3.90s 56.4
3',5'-OMe 3.90s 56.4
4,4'-OH -

AN TUNN I Y

syringaresinol [210]



84

1.5 Structure determination of compound DS5

Compound DS5 was obtained as a white solid. The ESI-MS (Figure 32)

showed an [M+Na]" ion at m/z 217.05, suggesting the molecular formula C;oH;(O4.

The IR spectrum (Figure 33) showed absorption bands at 3436 cm™ for
phenolic hydroxyl group, at 1683 cm™ for conjugated double bond, and at 1600, 1515,
1433 cm™ for aromatic groups. The UV spectrum (Figure 34) showed absorptions at
220,233 and 321 nm.

The 'H NMR spectium (Figure 35 and Table 8) of compound DS5 showed a
three-proton singlet at & 3.91.for one ar:)matic methoxyl group. The spectrum showed
the presence a pair of dewnfield doublets at & 7.58 (I1H, d, J = 15.9 Hz, H-7) and o
6.36 (1H, d, J=15.9 Hzy H-8), suggestiril‘_g the presence of a double bond with a trans-
configuration. The aromatic protons Wef:eé".()bserved at 6 7.32 (1H, brs, H-2), & 7.13
(1H, brd, J=7.2 Hz, H-6)'and 6,686 (lHl;.d,’-'J = 8.1 Hz, H-5).

The *C NMR speetrum (Figures 36;and Table 8) exhibited ten carbon signals,
corresponding to one methyl, five methines and four quaternary carbons. Through
comparison of its 'H and 13C:‘NMR, MSﬁR and UV data with reported values
(Dobhal et al., 1999)sDS5Was identified as ferulic atid
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Table 8 NMR Spectral data of compound DS5 (acetone-dq) and ferulic acid (CDCls)

Compound DS5 Ferulic acid
Position
8H 80 8H BC
1 - 127.3 - 127.1
2 7.32 brs 111.1 7.01d 109.4
3 - 148.5 - 146.8
4 - 149.7 - 147.9
5 6.86d (J=8.1 Hz) v 5 6.90 d (J=8.0 Hz) 115.8
6 7.13 brd (J 235" 705 dd (J=8.0,2.0 Hz)  122.9
- J J
7 7.58d (J 1456759 d (J = 16.0 Hz) 144.4
8 6.36d R : 6.28 d (3=16.0 Hz) 115.8
C=0 : s 167.7
3-OMe \\ 3.90s 55.9

ERNE

z

wr
INENT

AN TUNNINGAY

ferulic acid [224]
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2. Free radical scavenging activity

The MeOH extract of D. secundum was found to possess anti-oxidative
potential, showing 75% DPPH reduction at 100 pg/ml. The free radical scavenging
effect of the samples was assessed by two in vitro models, DPPH radical scavenging
activity assay as previously described (Braca et al., 2002) and superoxide radical
scavenging activity assay (Dasgupta and De, 2004). DPPH test is based on the ability
to decolor a methanolic solution of 1,1,-diphenyl-2-picrylhydrazyl radical (DPPH,
Sigma). Superoxide radical scavenging activity assay is based on the capacity of the
samples to inhibit the photochemical reduction of nitroblue tetrazolium (NBT) in the
riboflavin-light-NBT system:Each compound was-first tested at the concentration of
100 pg/ml. An ICsy value was deétermined if the compound showed more than 50%
inhibition. Quercetin (Sigma) and Trolox® were nsed as positive controls. The results are
summarized in Table 9.

Table 9 Free radical seavengiug activity of compounds isolated from D. secundum

% NBT
% DPPH reduction  1ICsy (uM) Mean
Compounds reduction
at 100 pg/mi t i SD
=31, at 100 pg/ml
MeOH extract 75 T nd nd
DSI [222] 12.53 s 4.08
DS2 [60] 89.71 5.14£0.18 34.28
DS3[223] 78.81 15.87 £1.48 nd
DS4 [210] 92.09 11.38£0.24 67.42
DS5[224] 93.82 37.52 £ 0.47 nd
Quercetin 94.24 2.47 £0.08 nd
Trolex® 9771 11.68 £0.44 82.94

nd = not determined

From Table 9, five pure compounds were evaluated for DPPH radical
scavenging activity and superoxide radical scavenging activity. Compounds DS2-DS5
exhibited recognizable DPPH radical scavenging activity with ICs values 5.14, 15.87,
11.38, 37.52 uM, respectively, as compared with quercetin and Trolox® (ICs, values
2.47 and 11.68 uM, respectively). Compounds DS2 and DS4 also exhibited

superoxide radical scavenging activity at 100 pg/ml. Compound DS1, without any
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phenolic hydroxyl group, was inactive both in the DPPH and superoxide radical
scavenging activity assay. This was in accordance with the previous report that
indicated that the phenolic hydroxyl group played an important role in antioxidant
activity (Zhang et al., 2007a).

I?ﬁﬁgfif,

DS2 60}~ H
-gl'\p é‘;‘ '-"I

COOH

DS4 [210] DSS5 [224]



CHAPTER V
CONCLUSION

In this study, a new bibenzyl named 4,5,4'-trihydroxy-3,3’-dimethoxybibenzyl
and four known compounds which included brittonin A, moscatilin [60],
syringaresinol [210] and ferulic acid were isolated from the MeOH extract of

Dendrobium secundum (Blume) Lin idaceae). These isolated compounds

were also evaluated for free radical s ivity. All compounds, except for
scavenging activity. In addition,
moscatilin [60] and syrir 0] were fot how weak superoxide radical
scavenging activity. dicated that D. secundum is a

potential source of n

T
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Figure 5 Mass spectrum of compound DS1
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