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CHAPTER |
INTRODUCTION

Diabetes mellitus (DM) is a metabolic disease characterized by high blood
glucose level (hyperglycemia) which is resulted from a defect in insulin secretion
and/or insulin action. Sustained hyperglycemia leads to diabetic complications such as
diabetic nephropathy, diabetic retinopathy, diabetic neuropathy, cardiovascular
disease and stroke, which causes morbidity and mortality among those affected

(American Diabetes Association, 2010)

The two major types of diabetes are type 1 and type 2 diabetes. Type 1
diabetes is characterized by a specific destruction of the pancreatic B cells commonly
associated with immune-mediated damage. Type 2 diabetes display a gradual change
in glucose homeostasis due to insulin resistance and/or decreased insulin secretion.
Besides, there are minor types of diabetes such as gestational diabetes (GDM) and
specific types of diabetes due to other causes. GDM is diabetes that is first diagnosed
in the second or third trimester of pregnancy that is not clearly either pre-existing type
1 or type 2 diabetes. Specific types of diabetes are due to other causes such as
exocrine pancreas disease (such as cystic fibrosis) and drug- or chemical-induced
diabetes (such as with glucocorticoid use, in the treatment of HIV/AIDS, or after organ
transplantation), monogenic diabetes syndromes (such as neonatal diabetes and

maturity-onset diabetes of the young [MODY]) (American Diabetes Association, 2017)

Treatment of diabetic as well as oral antidiabetic drugs can be classified by

mechanism of action such as (Grant et al., 2015)
Insulin secretagogues : Sulfonylureas (glibenclamide, gliclazide, glipizide)
. Rapid-acting prandial insulin releasers (repaglinide,
nateglinide)
Insulin sensitisers . Biguanides (metformin)

. Thiazolidinediones (pioglitazone, rosiglitazone)
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Ol-Glucosidase inhibitors  : Acarbose, voglibose, miglitol

DPP-4 inhibitors . Sitagliptin, linagliptin, Alogliptin

GLP-1 receptor agonists . Exenatide, liraglutide, albiglutide

SGLT2 inhibitors : Canagliflozin, dapagliflozin, empasliflozin

Ol-Glucosidase is an enzyme that secrete from intestinal chorionic epithelium,
which is association for degradation of carbohydrates. This enzyme can delay the
carbohydrates digestion and absorption by blocking the activity of glucosidase
competitively (Yin et al., 2014).

O-Glucosidase inhibitors derived from medicinal plants such as terpenes,
alkaloids, quinines, flavonoids, phenols, phenylpropanoids, steroids and other types of
compounds (Yin et al., 2014) includes isolated compounds from Dendrobium spp. For
example D. loddigesii (Lu et al., 2014), D. devonianum (Sun et al., 2014) and D. totile
(Limpanit et al., 2016).

An alternative approach to prevent postprandial hyperglycemia involves the
use drugs that function as competitive inhibitors of small intestinal brush-border alpha-
glucosidases. By inhibiting these enzymes the digestion of nonabsorbable, poly- and
oligosaccharides (starch, sucrose) is prevented and thus the formation of absorbable

monosaccharides (glucose, fructose) is delayed (De Ruiter, 2003).

Type 2 diabetes can also be caused by progressive B-cells dysfuction from
excessive accumulation of lipids in the pancrease, which might damage to pancreatic

B-cells and could effect to insulin resistance (Tushuizen et al., 2007).

Pancreatic lipase is the key enzyme responsible for lipid digestion of
triglycerides into monoacylglycerides and free fatty acids (Sergent et al., 2012).
Interestingly, pancreatic lipase inhibitors can also reduce the lipid absorption and
prevent the pancrease B-cells able to produce normal level of insulin (You et al.,
2012). However, the pancreatic lipase inhibitors of Dendrobium species have not been
reported previously. The active form of the enzyme is a non-covalent homodimer

which contains multiple functional domains required for normal hydrolytic activity
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including a catalytic domain, as well as sites involved in co-factor heparin and lipid

binding (Santamarina-Fojo and Brewer, 1994),

Dendrobium is one of the largest and most important genera in the family
Orchidaceae with approximately 1,100 species (Lam et al., 2015). There are 80 species
in China have been used as a traditional Chinese medicine (Chen et al., 2015). There
are several bioactive components of Dendrobium plants such as alkaloids, bibenzyls,
phenanthrenes,  dihydrophenanthrenes,  phenanthrenequinones,  fluorenones,
sesquiterpenoids and polysaccharides (Chen et al., 2014b; Zhao et al., 2016) which
showed various biological activities including neuroprotective activity, anticancer
activity, anti-angiogenesis activity, immunomodulatory activity, antioxidant, anti-
senescence activity, antiplatelet aggregation activity and nitric oxide production

inhibitory activity (Lam et al., 2015).

In Thailand, more than 90 species of Dendrobium have been identified as

follows (Smitinand, 2001):

Dendrobium acerosum Lindl. naqeldidiouns Kluai mai mue nang (Chumphon)

D. acinaciforme Roxb. Lﬁymaaﬂa%aa Ueang yot soi (Northern)

D. albosanguineum Lindl. Lgaamff'a Ueang ta ngua (Mae Hong Son)

D. aloifolium (Blume) Rchb.f. Besud Ueang mani (Bangkok)

D. anosmum LindL. Lﬁyasimﬂ Ueang sai (Chiang Mai, Peninsular)

D. aphyllum (Roxb.) C.E.C.Fisch. \Bee92e8n9 Ueang nguang chang (Mae Hong
Son)

D. bellatulum Rolfe Lgax‘ll,l,ezjxg Ueng sae phu

D. bicameratum Lindl. Lﬁg’awﬁu Ueang khem (Northern)

D. bilobulatum Seidenf. naqeldfineuan Kluai mai kang pla (General)

D. binoculare Rchb f. Lﬁyaaﬁﬁma Ueang kham sai (Northern)

D. brymerianum Rchb.f. Lgmﬁﬂc\laﬂ Ueang kham foi (Northern)

D. capillipes Rchb f. \Besdin Ueang kham kio (Lampang, Phrae)



D.

D.

D.

. cariniferum Rchb.f.

. christyanum Rchb f.

. chrysanthum LindL.

. chrysotoxum Lindl.

. compactum Rolfe ex Hackett
. concinnum Miq.

. crepidatum Lindl. & Paxton
. crocatum Hook f.

. cruentum Rchb.f.

. crumenatum Sw.

. crystallinum Rchb.f.

. cumulatum Lindl.

. dantaniense Guillaumin
. densiflorum Lindl.

. devonianum Paxton

. dickasonii L.O. Williams
. discolor Lindl.

. dixanthum Rchb.f.

draconis Rchb.f.
ellipsophyllum Tang & Wang

exile Schltr.

D. falconeri Hook.

D. farmeri Paxton
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\3esnan Ueang kachok (Chiang Mai)
Lﬁyamszjzgnszﬁa Ueang sae phu kradueng (Loei)
\Basdeusne Ueang sai morakot (Bangkok)
\Beadn Ueang kham (Northern)
\Baadnanan Ueang khao tok (Northern)
#1908 Hang pia (Narathiwat)
\Bassneinden Ueang sai nam khiao (General)
\Beauneua Ueang nang nuan (Peninsular)
Léla\‘mmlﬁ’n Ueang nok kaeo (Bangkok)
“AIYRTUDY Wai tamoi (Central, Peninsular)
Basunarioy Ueang nang fon (Chiang Mai)
\Bessedaen Ueang sai si dok (Northern,
Southeastern)

Baud Ueang khem (Chiang Mai)
Basauly Ueang mon khai (Northern)
\Beudes Ueang miang (Chiang Mai)
BeuRes Ueang khia (Chiang Mai)
wenan Wai klak (Bangkok)

Lgasil,ﬁ&lu Ueang thian (Northern)

\Bealty Ueang ngoen (Northern)

\Bamas Ueang thong (Genaeral)

Boudeu Ueang sian (General)
uﬁ”aamaﬁgm Ueang sai wisut (Bangkok)

1899319919y Ueang mat chanu (Bangkok)



D

D

D

D

D

D

D

D.

D

D

D

. fimbriatum Hook.
. findlayanum Parish & Rchb.f.
. formosum Roxb. ex Lindl.

. friedericksianum Rchb.f.

. fuerstenbergianum Schltr.
. gibsonii Lindl.

. grande Hook.f

. gratiosissimum Rchb.f.

. gregulus Seidenf.

. griffithianum LindL.

. harveyanum Rchb.f.

. hendersonii Hawkes & Heller

. hercoglossum Rchb.f.

. heterocarpum LindLl.

. indivisum (Blume) Mig.
var. indivisum

. indivisum (Blume) Mig.

var. pallidum Seidenf.

infundibulum LindL.

. intricatum Gagnep.

. jenkinsii Wall. ex LindL.

. kanburiense Seidenf.
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\3eefiios Ueang kham noi (Chiang Mai)
WY Phuang yok (Bangkok)

\Bealiunans Ueang ngoen luang (Chiang Mai)
Lgadtwﬁaﬁuwuui Ueang lueang chantabun
(Bangkok)

Lgasil,lﬁljzgﬂ’izaa Ueang sae phukradueng (Loei)
\BasAnang Ueang kham sai (Northern)

1oaawrstulng) Ueang pheang bai yai

(Peninsular)

Bashem Ueang king dam (Bangkok)
\BasuzAa Ueang matom (Chiang Mai)
Lﬁymﬁamag Ueang matchanu (Bangkok)
\3esfrlas Ueang kham foi (Chiang Mai)
wNPNZNBYTRY Wai tamoi noi (Peninsular)
\Basmanuzide Ueang dok ma kuea (Bangkok)
\3esdna Ueang si tan (Chiang Mai)

audeuldl Tan sian mai (Chumphon)

f19Ua Kang pla (General)

\Beanniiu Ueang ta hoen (General)
Lﬁyawuwu Ueang chom phu (Chanthaburi)
1989H9a8 Ueang phueng noi(Chiang Mai)

WMeBIN18Ya Wai muang kan (Kanchanaburi)



D. leonis (Lindl.) Rchb.f.
D. lindleyi Steud.

D. lituiftlorum Lindl.

D. moschatum (Buch.-Ham.) Sw.
D. nathanielis Rchb.f.

D. nobile Lindl.

D. ochreatum Lindl.

D. oligophyllum Gagnep.

D. pachyglossum

D. pachyphyllum (Kuntze) Bakh.f.

D. palpebrae Lindl.

D. parcum Rchb.f.
D. parishii Rchb f.

D. pendulum Roxb.

D. pensile Ridl.
D. porphyrophyllum Guillaumin
D. primulinum LindL.

D. pulchellum Roxb. ex Lindl.

D. pychnostachyum Lindl.
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Lﬁyax‘im*u'mi‘my: Ueang ta khap yai (General)
\Badin Ueang phueng (Northern)
\Besaeiing Ueang sai muang (Bangkok,
Northern)

Basstn Ueang champa (Northern)

wnaafiy Klet nim (Chantaburi)

Boudnin Ueang khao kio (Nortern)
\Baanzany Ueang ta khap (Chiang Mai)
419m8nUs13U Khao tok prachin (General)
Lsyawuwg Ueang khon mu (Mae Hong
C.S.P.Parish & Rchb.f Son)

Bason Ueang noi (General)

188957921 Ueang mat cha, 13049010y Ueang
mat chanu (Bangkok)

Basfuia Ueang kan kio (Bangkok)

Lélasiﬂ%;ﬁ Ueang khrang (Northern)
Badliivhgs Ueang mai thao ruesi (Bangkok,
Chiang Mai)

#2318 Wai (Narathiwat)

\3osau Ueang lin (Lampang)

\BasaneUsyam Ueang sai prasat (Bangkok)
\BesdnAaneg Ueang kham ta khwai (Mae Hong
Son)

LAINEDAE Sawet sot si (Chiang Mai)
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. salaccense (Blume) LindL.
. scabrilingue Lindl.

. secundum (Blume) Lindl.
. seidenfadenii Rchb.f.

. senile Parish & Rchb.f.

. signatum Rchb.f.

. stuposum LindL.

. sulcatum Lindl.

. superbiens Rchb f.
. sutepense Rolfe ex Downie
. terminale Parish & Rchb.f

. thyrsiflorum Rchb.f

. tortile Lindl.

. trigconopus Rchb.f.
. trinervium Ridl.

. unicum Seidenf.

. uniflorum Griff.

. venustum Teijsm. & Binn

villosulum Lindl.

. virgineum Rchb.f.

wardianum Warner

wattii (Hook.f.) Rchb.f.

D. ypsilon Seidenf.

16

Baluls Ueang bai phai (Chiang Mai)
\Bauey Ueang sae (Mae Hong Son)
\Beauusedily Ueang preang si fan (Bangkok)
‘oo Ueang kia (Chiang Mai)

\Beawdl Ueang chani (Bangkok)

\Boudnin Ueang khao kio (Chiang Mai)

\Basane Ueang sai (Chiang Mai)

Bassuin Ueang champa nan (Bangkok)
#18A3 Wai khing (Bangkok)

Bosuyd Ueang mali (Chiang Mai)

Bawnalan Ueang phaeng sopha (Peninsular)
Beawaulyluny Ueang mon khai bai mon
(Northern)

Badldis Ueang mai tueng (Mae Hong Son)
\3esfwaeu Ueang kham liam (Chiang Mai)
Wiguas Thian ling (Chumphon)

\Baensaudn Ueang krang saet (General)
\Beanas Ueang thong (Pattani)

41wsl189 Khao niao ling (Central)
nA%wugIUn Kluai ya na (Bangkok)
Beatudand Ueang ngoen wilat (Northern)
Bewdilassed Ueang mani trai rong (Northern)
\Bauey Ueang sae (Northern)

waswuuUInan Ueang baen pak tat (General)

D. formosum Roxb. ex LindL. is known in Thai as “Ueang ngoen luang” (18833u

1a79). Itis a rare orchid with thin or fleshy stems. It produces large flowers of white

sepals and petals, white lip with yellow blotch and sepals in the size 10 cm. This
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species is distributed throughout Thailand. The flowering period is in October to
December (Smitinand, 2001; Vaddhanaphuti, 2005).

Even though D. formosum Roxb. ex Lindl. has been reported of antitumor
activity from ethanol extract (ICsy = 350 pg/mL) (Prasad and Koch, 2014) but this plant
has not been phytochemically studied. In a preliminary study, evaluations for o.-
glucosidase and lipase inhibitory activities were conducted on a methanol crude
extract of D. formosum. This extract at 100 pg/mL exhibited 95.64% ot-glucosidase and
98.97% lipase inhibitory activities. This study attempts to investigate the chemical
compositions and o-glucosidase and lipase inhibitory activities of D. formosum, which

might be useful for the developement anti-diabetic and anti-obesity drugs.
The major objectives of this study are as follows.

1. Toisolate and purify the chemical constituents from Dendrobium formosum.
2. To characterize the chemical structures of the isolated compounds.

3. To investigate the Ol-glucosidase and lipase enzyme inhibitory activities of the

isolated compounds.
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Figure 1 Dendrobium formosum Roxb. ex Lindl.
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CHAPTER Il
HISTORICAL

1. Chemical constituents of Dendrobium

Plants of the genus Dendrobium have been reported on chemical constituents
of various classes, for example, bibenzyls and derivatives, flavonoids, terpenoids and

miscellaneous compounds (Figures 2-5).

Bibenzyls and derivatives, as shown in Table 1, are member of stilbenes.
Stilbenoids derive from cinnamic acid (via the shikimic pathway) and three acetate
units from malonyl coenzyme A (Gorham, 1989). The first part of the pathway is
common to stilbenoids and flavonoids. They diverge at the point of a styryl-3,5,7-
triketoheptanoic acid : an aldol condensation gives a stilbene 2-carboxylic acid
generally unstable and intermediate to several structures such as stilbenoids
(bibenzyls, bis-bibenzyls, stilbenes, phenanthrenes, 9,10-dihydrophenanthrenes); an
acylation produces a chalcone, which is subsequently modified to give flavonoids

(Orsini and Verotta, 1999) as shown in Table 2.

Terpenoids, as shown in Table 3, can occur via two pathways, the mevalonate
pathway and mevalonate-independent pathway, through deoxyxylulose phosphate.
They are derived from C5 isoprene units. Characteristic structures have carbon
skeletons represented by (C5)n, which are called hemiterpenes (C5), monoterpenes
(C10), sesquiterpenes (C15), diterpenes (C20), sesterterpenes (C25), triterpenes (C30)
and tetraterpenes (C40) (Dewick, 2002).

Miscellaneous compounds including aliphatic compounds, benzoic acid
derivatives, phenylpropanoids, fluorenones, coumarins, lignans and neolignans, which

are several minor compounds are grouped together in Table 4.
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Compounds Plant Plant part Reference
Dendrocandin A [1] D. candidum Stem Li et al., 2008
Dendrocandin B [2] D. candidum Stem Li et al., 2008

D. signatum Whole plant Mittraphab et al,,

2016
Dendrocandin C [3] D. candidum Stem Li et al., 2009a
Dendrocandin D [4] D. candidum Stem Li et al., 2009a
Dendrocandin E [5] D. candidum Stem Li et al., 2009a
Dendrocandin F [6] D. candidum Stem Li et al., 2009b
Dendrocandin G [7] D. candidum Stem Li et al., 2009b
Dendrocandin H [8] D. candidum Stem Li et al., 2009b
Dendrosinen A [9] D. sinense Whole plant Chen et al.,, 2014
Dendrosinen B [10] D. sinense Whole plant Chen et al., 2014
Dendrosinen C [11] D. sinense Whole plant Chen et al.,, 2014
Dendrosinen D [12] D. sinense Whole plant Chen et al.,, 2014
Aloifol | [13] D. longicornu Stem Hu et al., 2008a
Amoenylin [14] D. amoenum Whole plant Majumder et al.,
1999

Batatasin [15] D. longicornu Stem Hu et al., 2008a

D. plicatile Stem Yamaki and Honda,

1996
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Compounds Plant Plant part Reference
Batatasin Il [16] D. aphyllum Whole plant Chen et al., 2008
Stem Yang et al., 2015
D. cariniferum Stem Chen et al., 2008
D. chrysotoxum Whole plant Li et al., 2009c
D. draconis Stem Sritularak et al.,
2011a
D. gratiosissimum | Stem Zhang et al., 2008a
D. loddigesii Stem lto et al., 2010
D. venustum Whole plant Sukphan et al,,
2014
Brittonin A [17] D. secundum Stem Sritularak et al.,
2011b
Chrysotobibenzyl [18] | D. aurantiacum Stem Yang et al., 2006a
var. denneanum
D. capillipes Stem Phechrmeekha et
al., 2012
D. chrysanthum Stem Yang et al., 2006b
D. chryseum Stem Ma et al., 1998
D. chrysotoxum Stem Hu et al., 2012
D. nobile Stem Zhang et al., 2007a
D. pulchellum Stem Chanvorachote et

al.,, 2013
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Compounds Plant Plant part Reference
Chrysotoxine [19] D. aurantiacum | Stem Yang et al., 2006a
var. denneanum
D. chrysanthum | Stem Yang et al., 2006b
D. chryseum Stem Ma et al., 1998
D. nobile Stem Zhang et al., 2007a
D. pulchellum Stem Chanvorachote et
al., 2013
Crepidatin [20] D. aurantiacum | Whole plant Liu et al., 2009a
var. denneanum
D. capillipes Stem Phechrmeekha et
al., 2012
D. chrysanthum | Stem Yang et al., 2006b
D. crepidatum Whole plant Majumder and
Chatterjee, 1989
D. nobile Stem Zhang et al., 2007a
D. pulchellum Stem Chanvorachote et
al., 2013
Cumulatin [21] D. cumulatum Whole plant Majumder and Pal,
1993
Dendrobin A [22] D. nobile Stem Wang et al., 1985;

Ye and Zhao, 2002a
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Compounds Plant Plant part Reference
3,3 -Dihydroxy-4,5- D. williamsonii Whole plant Rungwichaniwat et
dimethoxybibenzyl al., 2014
(23]
3,4’ -Dihydroxy-5- D. amoenum Whole plant Majumder et al.,
methoxybibenzyl 1999
[24]
3,4 -Dihydroxy-5,5'- | D. nobile Stem Hwang et al., 2010
dimethoxydihydro
stilbene [25]
4,5—Dihydroxy—3,3'— D. nobile Stem Ye and Zhao, 2002a
dimethoxybibenzyl
[26]
Erianin [27] D. chrysotoxum Stem Hu et al., 2012
Gigantol [28] D. aphyllum Whole plant Chen et al., 2008
D. aurantiacum Whole plant Liu et al., 2009a
var. denneanum
D. brymerianum Whole plant Klongkumnuankarn
et al., 2015
D. densiflorum Stem Fan et al., 2001
D. devonianum Whole plant Sun et al., 2014
D. draconis Stem Sritularak et al.,
2011a
D. gratiosissimum | Stem Zhang et al., 2008a
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Compounds Plant Plant part Reference
Gigantol [28] D. loddigesii Whole plant lto et al., 2010
D. longicornu Stem Hu et al., 2008a
D. nobile Stem Zhang et al., 2007a
D. polyanthum Stem Hu et al., 2009
D. trigonopus Stem Hu et al., 2008b
D. venustum Whole plant Sukphan et al,,
2014
4—Hydro><y—3,5,3'— D. nobile Stem Ye and Zhao,
trimethoxybibenzyl 2002a
[29]
5-Hydroxy-3,4,3" 4’ 5'- | D. secundum Stem Phechrmeekha
pentamethoxybibenzyl et al, 2012
(30]
Isoamoenylin [31] D. amoenum Whole plant Majumder et al.,
1999
Moscatilin [32] D. amoenum Whole plant Majumder et al.,
1999
D. aurantiacum Stem Yang et al., 2006a
var. denneanum
D. brymerianum | Whole plant Klongkumnuankarn
et al., 2015
D. chrysanthum Stem Yang et al., 2006b
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bibenzyl [34]

Compounds Plant Plant part Reference
Moscatilin [32] D. densiflorum Stem Fan et al., 2001
D. ellipsophyllum | Whole plant | Tanagornmeatar
et al., 2014
D. gratiosissimum | Stem Zhang et al.,
2008a
D. loddigesii Whole plant | Chen et al., 1994;
Ito et al., 2010
D. longicornu Stem Hu et al., 2008a
D. moscatum Whole plant | Majumder and
Sen, 1987
D. nobile Stem Miyazawa et al.,
1999;
Yang et al., 2007
D. polyanthum Stem Hu et al., 2009
D. pulchellum Stem Chanvorachote et
al., 2013
D. secundum Stem Sritularak et al.,
2011b
3,3',4—Trihydroxy D. longicornu Stem Hu et al., 2008a
bibenzyl [33]
3,3',5—Trihydroxy D. cariniferum Whole plant | Liu et al., 2009b
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Compounds Plant Plant part Reference
3,5,4'—Trihydro><y D. gratiosissimum | Stem Zhang et al.,
bibenzyl [35] 2008a
4,5,4" -Trihydroxy-3,3'- D. secundum Stem Sritularak et al.,
dimethoxy bibenzyl [36] 2011b
D. ellipsophyllum | Whole plant | Tanagornmeatar
et al., 2014
Tristin [37] D. aphyllum Stem Yang et al., 2015
D. chrysotoxum Stem Hu et al., 2012
D. densiflorum Stem Fan et al., 2001
D. gratiosissimum | Stem Zhang et al.,
2008a
D. longicornu Stem Hu et al., 2008a
D. trigonopus Stem Hu et al., 2008b
Dendromoniliside E [38] | D. nobile Stem Miyazawa et al.,
1999
Dendrophenol [39] D. candidum Stem Li et al., 2008
3,4-Dihydroxy-5,4'- D. candidum Stem Li et al., 2008
dimethoxybibenzyl [40] | D. sisnatum Whole plant Mittraphab et at.,
2016
D. tortile Whole plant | Limpanit et al.,

2016




Table 1 (continued)

Compounds Plant Plant part | Reference
4,4’ -Dihydroxy-3,5- D. candidum Stem Li et al., 2008;
dimethoxybibenzyl [41] | p_cijpsophyllum | Whole plant | Tanagornmeatar
et al, 2014
Loddigesiinol C [42] D. loddigesii Whole plant | Ito et al., 2010
3-O-Methylgigantol [43] | D. candidum Stem Li et al., 2008
D. plicatile Stem Yamaki and Honda,
1996
Dendrocandin | [44] D. candidum Stem Li et al., 2009b
D. signatum Whole plant | Mittraphab et al.,
2016
Densiflorol A [45] D. densiflorum Stem Fan et al., 2001
Longicornuol A [46] D. longicornu Stem Hu et al., 2008a
Trigonopol A [47] D. trigonopus Stem Hu et al., 2008b
Trigonopol B [48] D. chrysotoxum Stem Hu et al., 2012
D. trigonopus Stem Hu et al., 2008b
Crepidatuol A [49] D. crepidatum Stem Li et al.,, 2013
Crepidatuol B [50] D. crepidatum Stem Li et al.,, 2013
Loddigesiinol D [51] D. loddigesii Whole plant | Ito et al., 2010
Dencryol A [52] D. crystallinum Stem Wang et al., 2009
Dencryol B [53] D. crystallinum Stem Wang et al., 2009
Dengraol A [54] D. gratiosissimum | Stem Zhang et al., 2008a
Dengraol B [55] D. gratiosissimum | Stem Zhang et al., 2008a
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Compounds Plant Plant part Reference
4-[2-(3-Hydroxyphenol)-1- | D. longicornu | Stem Hu et al., 2008a
methoxyethyl]-2,6-
dimethoxy phenol [56]
Nobilin A [57] D. nobile Stem Zhang et al., 2006b
Nobilin B [58] D. nobile Stem Zhang et al., 2006b
Nobilin C [59] D. nobile Stem Zhang et al., 2006b
Nobilin D [60] D. nobile Stem Zhang et al., 2007a
Nobilin E [61] D. nobile Stem Zhang et al., 2007a
Dendrofalconerol A [62] | D. falconeri Stem Sritularak and
Likhitwitayawuid, 2009
D. signatum Whole plant | Mittraphab et al., 2016
D. tortile Whole plant | Limpanit et al., 2016
Dendrofalconerol B [63] | D. falconeri Stem Sritularak and
Likhitwitayawuid, 2009
Dendrosignatol [64] D. signatum Whole plant | Mittraphab et al., 2016
2,2'—Dihydroxy- D. nobile Stem Yang et al., 2007

33" 44" 77-

hexamethoxy—9,9',10,10'-

tetrahydro-1,1'-
biphenanthrene [65]
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Compounds Plant Plant part Reference
2,2"-Dimethoxy-4,4",7,7'- | D. plicatile Stem Yamaki and
tetrahydroxy-9',10,10’- Honda, 1996
tetrahydro—l,l'—
biphenanthrene [66]
Flavanthrin [67] . aphyllum Whole plant | Chen et al., 2008
Phoyunnanin C [68] . venustum Whole plant | Sukphan et al.,
2014
Phoyunnanin E [69] . venustum Whole plant | Sukphan et al.,
2014
(5)-3,4,0L-trihydroxy-5,4' . candidum Stem Li et al., 2015
dimethoxybibenzyl [70]
Amoenumin [71] . amoenum Whole plant | Veerraju et al.,
1989
Crystalltone [72] . chrysotoxum Stem Hu et al., 2012
. crystallinum Stem Wang et al., 2009
Chrysotoxol A [73] . chrysotoxum Stem Hu et al., 2012
Chrysotoxol B [74] . chrysotoxum Stem Hu et al., 2012
Confusarin [75] . chryseum Stem Ma et al., 1998
. chrysotoxum Stem Hu et al., 2012
. nobile Stem Zhang et al,,

2008b
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Compounds Plant Plant part Reference
2,6-Dihydroxy-1,5,7- D. densiflorum Stem Fan et al., 2001
trimethoxyphenanthrene
[76]
Dendrochrysanene [77] D. chrysanthum | Stem Yang et al., 2006b
Bulbophyllanthrin [78] D. nobile Stem Yang et al., 2007
Denthyrsinin [79] D. thyrsiforum Stem Zhang et al., 2005
5-Hydroxy-2,4-dimethoxy D. loddigesii Whole plant | Ito et al., 2010
phenanthrene [80]
3-Hydroxy-2,4,7- D. nobile Stem Yang et al., 2007
trimethoxyphenanthrene
(81]
Cypripedin [82] D. densiflorum | Stem Fan et al., 2001
Densiflorol B [83] D. densiflorum | Stem Fan et al., 2001
D. venustum Whole plant | Sukphan et al,
2014
Denbinobin [84] D. moniliforme | Stem Lin et al., 2001
D. nobile Stem Yang et al., 2007
Fimbriatone [85] D. nobile Stem Zhang et al., 2008b
D. pulchellum Stem Chanvorachote
et al., 2013
Loddigesiinol B [86] D. loddigesii Whole plant | Ito et al., 2010
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threne-2,4,7-triol [94]

Compounds Plant Plant part Reference
Dendronone [87] D. chrysanthum Stem Yang et al.,
2006b
D. longicornu Stem Hu et al., 2008a
Ephemeranthoquinone D. plicatile Stem Yamaki and
(88] Honda, 1996
5-Methoxy-7-hydroxy- D. draconis Stem Sritularak et al,,
9,10-dihydro-1,4- 2011a
phenanthrenequinone
[89]
Moniliformin [90] D. moniliforme Stem Lin et al., 2001
Moscatin [91] D. aphyllum Whole plant | Chen et al., 2008
D. chrysanthum Stem Yang et al.,
2006b
D. chrysotoxum Whole plant | Li et al., 2009c
D. densiflorum Stem Fan et al., 2001
D. polyanthum Stem Hu et al., 2009
Coelonin [92] D. aphyllum Whole plant | Chen et al., 2008
D. nobile Stem Yang et al., 2007
9,10-Dihydromoscatin D. polyanthum Stem Hu et al., 2009
[93]
9,10-Dihydrophenan D. polyanthum Stem Hu et al., 2009
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Compounds Plant Plant part | Reference
4,5-Dihydroxy-2,3- D. ellipsophyllum Whole plant | Tanagornmeatar
dimethoxy-9,10- et al., 2014
dihydrophenanthrene D. sinense Whole plant | Chen et al., 2013
[95]
4,5-Dihydroxy-2,6- D. chrysotoxum Stem Hu et al., 2012
dimethoxy-9,10-
dihydrophenanthrene
[96]
4,5-Dihydroxy-3,7- D. nobile Stem Ye and Zhao, 2002a
dimethoxy-9,10-
dihydrophenanthrene
[97]
4,5-Dihydroxy-2- D. nobile Stem Zhang et al., 2007b
methoxy-9,10-
dihydrophenanthrene
[98]
Lusianthridin [99] D. brymerianum Whole plant | Klongkumnuankarn
et al., 2015
D. plicatile Stem Yamaki and Honda,
1996
D. venustum Whole plant | Sukphan et al.,

2014
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trimethoxy-9,10-
dihydrophenanthrene [108]

Compounds Plant Plant part | Reference

2,7-Dihydroxy-3,4,6- D. densiflorum | Stem Yang et al., 2007

trimethoxy-9,10-

dihydrophenanthrene [100]

2,8-Dihydroxy-3,4,7- D. nobile Stem Fan et al., 2001

trimethoxy-9,10-

dihydrophenanthrene [101]

4,7-Dihydroxy-2,3,6- D. rotundatum | Whole plant | Majumder and Pal,

trimethoxy-9,10- 1992

dihydrophenanthrene [102]

Ephemeranthol A [103] D. nobile Stem Yang et al., 2007,
Hwang et al., 2010

Ephemeranthol C [104] D. nobile Stem Yang et al., 2007,
Hwang et al., 2010

Erianthridin [105] D. nobile Stem Hwang et al., 2010

D. plicatile Stem Yamaki and Honda,

1996

Flavanthridin [106] D. nobile Stem Hwang et al., 2010

Hircinol [107] D. aphyllum Stem Yang et al., 2015

D. draconis Stem Sritularak et al.,

2011a

3-Hydroxy-2,4,7- D. nobile Stem Yang et al., 2007




Table 1 (continued)

34

Compounds Plant Plant Reference
part
2-Hydroxy-4,7-dimethoxy-9,10- | D. nobile Stem Yang et al., 2007
dihydrophenanthrene [109]
7-Methoxy-9,10- D. draconis Stem Sritularak et al.,
dihydrophenanthrene- 2011a
2,4 5-triol [110]
2,5, 7-Trimethoxy-4- D. longicornu Stem Hu et al., 2008
methoxy-9,10-
dihydrophenanthrene [111]
Plicatol C [112] D. plicatile Stem Honda and
Yamaki, 2000
Rotundatin [113] D. rotundatum | Whole Majumder and Pal,
plant 1992

2,5-Dihydroxy-3,4 D. nobile Stem Yang et al., 2007
dimethoxyphenanthrene [114]
2,5-Dihydroxy-4,9- D. nobile Stem Zhang et al,,
dimethoxyphenanthrene [115] 2008b
2,8-Dihydroxy-3,4,7- D. nobile Stem Yang et al., 2007
trimethoxyphenanthrene [116]
Epheranthol B [117] D. chrysotoxum | Stem Hu et al., 2012

D. plicatile Stem Yamaki and

Honda, 1996
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Compounds Plant Plant part Reference
Fimbriol B [118] D. nobile Stem Yang et al., 2007,
Hwang et al., 2010
Flavanthrinin [119] D. brymerianum | Whole plant | Klongkumnuankarn
et al,, 2015
D. nobile Stem Zhang et al., 2008b
D. venustum Whole plant | Sukphan et al.,
2014
Loddigesiinol A [120] D. loddigesii Whole plant | Ito et al., 2010
Nudol [121] D. nobile Stem Yang et al., 2007
D. rotundatum | Whole plant | Majumder and Pal,
1992
Plicatol A [122] D. nobile Stem Yang et al., 2007
D. plicatile Stem Honda and Yamaki,
2000
Plicatol B [123] D. plicatile Stem Honda and Yamaki,
2000
2,3,5-Trihydroxy-4,9- D. nobile Stem Yang et al., 2007
dimethoxyphenanthrene
[124]
3,4,8-Trimethoxy D. nobile Stem Hwang et al., 2010
phenanthrene-2,5-diol
[125]
Aphyllone [126] D. nobile Stem Hwang et al., 2010
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2-ol [128]

dihydroxy-3,4,7-trimethoxy-
9,10-dihydrophenanthrene
[129]

2,4,5,95-tetrahydroxy-9,10-
dihydrophenanthrene

4-O-B-D-glucopyranoside [130]
Loddigesiinol G [131]
Loddigesiinol H [132]
Loddigesiinol | [133]

Loddigesiinol J [134]

9,10-dihydrophenanthrene,1,5-

D. moniliforme

D. primulinum

D. loddigesii
D. loddigesii
D. loddigesii

D. loddigesii

Whole plant

Whole plant

Stem
Stem
Stem

Stem

Compounds Plant Plant part | Reference
(5)-2,4,5,9-tetrahydroxy-9,10- D. fimbriatum Stem Xu et al., 2014
dihydrophenanthrene [127]

1,5,7-trimethoxyphenanthren- | D. nobile Stem Kim et al., 2015

Zhao et al., 2016

Ye et al., 2016

Lu et al., 2014
Lu et al., 2014
Lu et al., 2014

Lu et al., 2014
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[1] Dendrocandin A [2] Dendrocandin B

[3] Dendrocandin C: R; = H, R, = OMe
[4] Dendrocandin D: R; = H, R, = OCH,CH-

[5] Dendrocandin E: R; = OH, R, = H
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[6] Dendrocandin F: R = OMe [8] Dendrocandin H

[7] Dendrocandin G: R= OH

Figure 2 Structures of bibenzyls and derivatives previously isolated from

Dendrobium species
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MeO
R, OH
s W,
HO
R, R,
[9] Dendrosinen A OCH; OH
[10] Dendrosinen B OH H

[11] Dendrosinen C [12] Dendrosinen D

Figure 2 Structures of bibenzyls and derivatives previously isolated from

Dendrobium species (continued)



[13] Aloifol |

[14] Amoenylin

[15] Batatasin

[16] Batatasin Il

[17] Brittonin A

[18] Chrysotobibenzyl

[19] Chrysotoxine

[20] Crepidatin

[21] Cumulatin

[22] Dendrobin A

[23] 3,3"-Dihydroxy-4,5-
dimethoxybibenzyl

[24] 3,4'-Dihydroxy-5-
methoxybibenzyl

[25] 3,4'-Dihydroxy-5,5'-

dimethoxydihydrostilbene
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OH

OH

OMe

OMe

OMe

OH

Figure 2 Structures of bibenzyls and derivatives previously isolated from Dendrobium

species (continued)



[26] 4,5-Dihydroxy-3,3'-

OMe

dimethoxybibenzyl (Dendrobin A)

[27] Erianin

[28] Gigantol

[29] 4-Hydroxy-3,5,3'
trimethoxybibenzyl

[30] 5-Hydroxy-3,4,3",4" 5’
pentamethoxybibenzyl

[31] Isoamoenylin

[32] Moscatilin

[33] 3,3",4-Trihydroxybibenzyl

[34] 3,3" 5-Trihydroxybibenzyl

[35] 3,5,4'-Trihydroxybibenzyl

[36] 4,5,4"-Trihydroxy-3-3'-
dimethoxybibenzyl

[37] Tristin

[38] Dendromoniliside E

Figure 2 Structures of bibenzyls and derivatives previously isolated from

Dendrobium species (continued)
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R
[39] Dendrophenol OMe
[40] 3,4-Dihydroxy-5,4'- OH
dimethoxybibenzyl
[41] 4,4'-Dihydroxy-3,5- OMe
dimethoxybibenzyl
[42] Loddigesiinol C OMe
[43] 3-O-Methylgigantol OMe

[44] Dendrocandin |

OH

OH

OH

OH

OMe

OMe

OMe
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OH

)

OH
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OH
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OH

OH
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Rs R,

H H
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OMe OMe

H H
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[45] Densiflorol A

Figure 2 Structures of bibenzyls and derivatives previously isolated from

Dendrobium species (continued)
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[46] Longicornuol A: R = H
[47] Trigconopol A: R = OMe

OH

I 0]

MeO
IIID ", OMe
HO /
OH
OH

(48] Trigonopol B

MeO

a2

[51] Loddigesiinol D

OH R4
MeO o
HO ! E
OR,
R0 !

[52] Dencryol A:

l OR;

R1=Me,R2=R3=R4=H
[53] Dencryol B:

Rle,R2=R3=I\/\e,R4=OH

MeO HO
O-on
Qre )
0]
as
HO OMe

[54] Dengraol A: Ry =R, = H

[55] Dengraol B: R; = Me, R, = OMe

Figure 2 Structures of bibenzyls and derivatives

previously isolated from Dendrobium species

[50] Crepidatuol B
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R4
R, R, R, R,
[56] 4-[2-(3-Hydroxyphenol)-1-methoxyethyl]- OMe H OH OMe
2,6-dimethoxyphenol
[57] Nobilin A OH H OMe OMe
(58] Nobilin B OMe OH OMe OMe
[59] Nobilin C OMe OMe OMe OMe
[60] Nobilin D OMe OH OMe OH
HO OH
MeO HO OH
ol (Com
5y yom
O
@]
o e
R4
(D W)
OMe
MeO Ro
[61] Nobilin E [62] Dendrofalconerol A:

R1 :OH, R2= R3=OMe

OMe
HO O‘ O [63] Dendrofalconerol B:
OH
O O Ry =H, R, =Ry = OH
HO 0] OH

OMe
[64] Dendrosignatol

Figure 2 Structures of bibenzyls and derivatives previously isolated from

Dendrobium species (continued)



Ry

[65] 2,2"-Dihydroxy- OMe OH

OMe

OMe OH
3,3,4,4"'7,7"-
hexamethoxy-9,9’,
10,10'-tetrahydro-1,1"-
biphenanthrene

[(66] 2,2"-Dimethoxy- OH OMe H OH OMe

4.,4' 7,7"-tetrahydroxy-

9,9,10,10"-

tetrahydro-1,1'-

biphenanthrene

[67] Flavanthrin OH OH H

aq

R, R

OMe

[68] Phoyunnanin C

[69] Phoyunnanin E

Figure 2 Structures of bibenzyls and derivatives previously isolated from

Dendrobium species (continued)



R4 OMe
AL
OMe
[73] Chrysotoxol A: R =H [75] Confusarin: R; = OMe, R, = OH
[74] Chrysotoxol B: R = OMe [76] 2,6-Dihydroxy-

1,5,7-trimethoxyphenanthrene:

R, = OH, R, = OMe

[77] Dendrochrysanene

Figure 2 Structures of bibenzyls and derivatives previously isolated from

Dendrobium species (continued)
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Ri Ry Rs Rq

[78] Bulbophyllanthrin OH OH H H

[79] Denthyrsinin OH H OH OMe

[80] 5-Hydroxy-2,4-dimethoxy H OH H H
phenanthrene

[81] 3-Hydroxy-2,4,7-trimethoxy OH H OMe H

phenanthrene
R1 Ro Rs Rq Rs
[82] Cypripedin H OH OMe OMe H
[83] Densiflorol B H OH H OMe H
[84] Denbinobin OH OMe H H OMe

Figure 2 Structures of bibenzyls and derivatives previously isolated from

Dendrobium species (continued)
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O
O
o
OMe
[85] Fimbriatone [86] Loddigesiinol B
Rs

Ri R; Rs
[87] Dendronone OH OMe H
[88] Ephemeranthoquinone H OH OMe
[89] 5-Methoxy-7-hydroxy- OMe OH H

9,10-dihydro-1,4

phenanthrenequinone

[90] Moniliformin [91] Moscatin

Figure 2 Structures of bibenzyls and derivatives previously isolated from

Dendrobium species (continued)



[92] Coelonin

[93] 9,10-Dihydromoscatin

[94] 9,10-Dihydrophenan
threne-2,4,7-triol

[95] 4,5-Dihydroxy-2,3-

dimethoxy-9,10-dihydro

phenanthrene

[96] 4,5-Dihydroxy-2,6-

dimethoxy-9,10-dihydro

phenanthrene

[97] 4,5-Dihydroxy-3,7-

dimethoxy-9,10-dihydro

phenanthrene

[98] 4,5-Dihydroxy-2-

methoxy-9,10-dihydro

phenanthrene

[99] Lusianthridin

Dendrobium species (continued)
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R, R,

[100] 2,7-Dihydroxy-3,4,6- OH OMe
trimethoxy-9,10-dihydro
phenanthrene

[101] 2,8-Dihydroxy-3,4,7- OH OMe
trimethoxy-9,10-dihydro
phenanthrene

[102] 4,7-Dihydroxy-2,3,6- OMe OMe

trimethoxy-9,10-dihydro

phenanthrene
[103] Ephemeranthol A OH H
[104] Ephemeranthol C OH OH
[105] Erianthridin OH OMe
[106] Flavanthridin OH H
[107] Hircinol OH H
[108] 3-Hydroxy-2,4,7- OMe OH

trimethoxy-9,10-dihydro

phenanthrene

Figure 2A Structures of bibenzyls and derivatives previously isolated from

Dendrobium species (continued)
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[109] 2-Hydroxy-4,7-
dimethoxy-9,10-dihydro
phenanthrene

[110] 7-Methoxy-9,10-
dihydrophenanthrene-
2,4 5-triol

[111] 2,5,7-Trihydroxy-
4-methoxy-9,10-
dihydrophenanthrene

[112] Plicatol C

[113] Rotundatin

Figure 2 Structures of bibenzyls and derivatives previously isolated from

Dendrobium species (continued)
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[114] 2,5-Dihydroxy-3,4- OH
dimethoxyphenanthrene

[115] 2,5-Dihydroxy-4,9- OH
dimethoxyphenanthrene

[116] 2,8-Dihydroxy-3,4,7- OH

trimethoxyphenanthrene

[117] Epheranthol B H
[118] Fimbriol B OH
[119] Flavanthrinin H

OMe

OMe

OMe

OMe

OMe

OH

OMe

OH

OH

OMe

OMe

OH

OH
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OMe

Figure 2 Structures of bibenzyls and derivatives previously isolated from Dendrobium

species (continued)
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R1 R2 R3 R4 RS R6

[120] Loddigesiinol A H OMe H H OH H
[121] Nudol OMe H OH H H H
[122] Plicatol A H OH H H OMe OMe
[123] Plicatol B H OH H H H H
[124] 2,3,5-Trihydroxy- OH OH H H OMe H

4,9-dimethoxyphenanthrene
[125] 3,4,8-Trimethoxy OMe OH H OMe H H

phenanthrene-2,5-diol

Figure 2A Structures of bibenzyls and derivatives previously isolated from

Dendrobium species (continued)
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[127] (5)-2,4,5,9-Tetrahydroxy-9,10-
dihydrophenanthrene

OMe OH OMeOMe

[128] 1,5,7-Trimethoxyphenanthren-2-ol [129] 9,10-Dihydrophenanthrene,1,5-
dihydroxy-3,4,7-trimethoxy-9,10-

dihydrophenanthrene

OH

Hoﬁo
HO

OH
OH
)

OH
[130] 2,4,5,9S-Tetrahydroxy-9,10-dihydrophenanthrene

4-O-B-D-glucopyranoside

Figure 2 Structures of bibenzyls and derivatives previously isolated from

Dendrobium species (continued)



=

[131] Loddigesiinol G: R = H

OMe
OH
[132] Loddigesiinol H: R = OH

HO HO

MeO MeO

[133] Loddigesiinol | [134] Loddigesiinol J

Figure 2 Structures of bibenzyls and derivatives previously isolated from

Dendrobium species (continued)
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Vicenin-2 [138]

Apigenin [139]

5,6-Dihydroxy-a'-

Chrysoeriol [141]

methoxy-flavone [140]

D. tortile

D. aurantiacum
var. denneanum
D. crystallinum

D. williamsonii

D. chrysotoxum

D. ellipsophyllum

Whole plant

Stem

Stem

Whole plant

Stem

Whole plant

Compounds Plant Plant part Reference
(25)-Homoeriodictyol [135] | D. densiflorum Stem Fan et al., 2001
D. ellipsophyllum | Whole plant | Tanagornmeatar
et al., 2014
Naringenin [136] D. aurantiacum Stem Yang et al., 2006a
var. denneanum
D. densiflorum Stem Fan et al., 2001
D. longicornu Stem Hu et al., 2008a
(25)-Eriodictyol [137] D. trigonopus Stem Hu et al., 2008b
D. ellipsophyllum | Whole plant | Tanagornmeatar
et al., 2014

Limpanit et al.,

2016

Xiong et al., 2013

Wang et al., 2009

Rungwichaniwat

et al., 2014

Hu et al., 2012

Tanagornmeatar

et al., 2014
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Compounds Plant Plant part | Reference
Luteolin [142] D. aurantiacum Whole Liu et al., 2009a
var. denneanum plant
D. ellipsophyllum | Whole Tanagornmeatar
plant etal., 2014
6-C-(a-Arabinopyranosyl)-8- | D. huoshanense Aerial part | Chang et al., 2010
C-[(2-O-a-rhamnopyranosyl)
-B-calactopyranosyl]
apigenin [143]
6-C-(a-Arabinopyranosyl)-8- | D. huoshanense Aerial part | Chang et al., 2010
C-[(2-O-a-rhamnopyranosyl)
-B-slucopyranosyl] apigenin
[144]
6'""-Glucosyl-vitexin [145] D. crystallinum Stem Wang et al., 2009
Isoschaftoside [146] D. huoshanense Aerial part | Chang et al., 2010
Isoviolanthin [147] D. crystallinum Stem Wang et al., 2009
6-C-[(2-O-a-Rhamno D. huoshanense Aerial part | Chang et al., 2010

pyranosyl)-B-gluco
pyranosyl]-8-C-(a-
arabinopyranosyl)

apigenin [148]
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Compounds Plant Plant part | Reference

6-C-(B-Xylopyranosyl)-8-C- D. huoshanense | Aerial part | Chang et al., 2010

[(2-O-a-rhamnopyranosyl)-

B-slucopyranosyl] apigenin

[149]

Kaempferol [150] D. aurantiacum Stem Yang et al., 2006a
var. denneanum

Kaempferol-3-O-a-L- D. secundum Stem Phechrmeekha et

rhamnopyranoside [151] al., 2012

Kaempferol-3,7-O-di-a-L- D. secundum Stem Phechrmeekha et

rhamnopyranoside [152] al., 2012

Kaempferol-3-O-a-L- D. capillipes Stem Phechrmeekha et

rhamnopyranosy!-(1—>2)-B- al., 2012

D-gluco pyranoside [153]

Kaempferol-3-O-a-L- D. capillipes Stem Phechrmeekha et

rhamnopyranosyl-(1—>2)-B- al., 2012

D-xylo pyranoside [154]

Quercetin-3-O-L- D. secundum Stem Phechrmeekha et

rhamnopyranoside [155] al., 2012

Quercetin-3-O-a-L- D. capillipes Stem Phechrmeekha et

rhamnopyranosyl-(1’ 2)-B-D- al.,, 2012

xylopyranoside [156]

5-Hydroxy-3-methoxy- D. devonianum Stem Sun et al., 2014

flavone-7-O-[-D-apiosyl-
(1—>6)]-B-D-glucoside [157]




[135] (25)-Homoeriodictyol: R = OMe

[136] Naringenin: R = H

[137] (25)-Eriodictyol; R = OH

[139] Apigenin

[140] 5,6-Dihydroxy-4'-
methoxy-flavone

[141] Luteolin

[142] Chrysoeriol

[143] 6-C-(a-Arabinopyranosyl)-8-
C-[(2-O-a-rhamnopyranosyl)
-B-galactopyranosyl] apigenin
[144] 6-C-(a-Arabinopyranosyl)-8-
C-[(2-O-a-rhamnopyranosyl)

-B-slucopyranosyl] apigenin

Figure 3 Structures of flavonoids previously isolated from Dendrobium species
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[145] 6'""-Glucosyl-vitexin

[146] Isoschaftoside

[147] Isoviolanthin

[148] 6-C-[(2-O-a-Rhamnopyranosyl)-
-clucopyranosyl]-8-C-
(a-arabinopyranosyl) apigenin

[149] 6-C-(B-Xylopyranosyl)-8-C-
[(2-O-0-rhamnosepyranosyl)-
B-slucopyranosyl] apigenin

[150] Kaempferol

OH

-Ara

-Rha

-Glc-Rha

-Xyl

59

-Glc-Rha

Figure 3 Structures of flavonoids previously isolated from Dendrobium species

(continued)
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R, R,
[151] Kaempferol-3-O-a-L-rhamnopyranoside O-Rha OH
[152] Kaempferol-3,7-O-di-a-L-rhamnopyranoside  O-Rha O-Rha
[153] Kaempferol-3-O-a-L-rhamnopyranosyl- O-Glc-Rha OH
(1—>2)-B-D-glucopyranoside
[154] Kaempferol-3-O-a-L-rhamnopyranosyl- O-Xyl-Rha OH

(1—>2)-B-D-xylopyranoside

R
[155] Quercetin-3-O-0-L- O-Rha
rhamnopyranoside
[156] Quercetin-3-O-a-L- O-Xyl-Rha

rhamnopyranosyl-(1—>2)-B-

D-xylopyranoside

Figure 3 Structures of flavonoids previously isolated from Dendrobium species

(continued)



HO OH
HO
(0]
(0]
HO °
HO
OH

[157] 5-Hydroxy-3-methoxy-flavone-7-O-[B-D-apiosyl-(1—>6)]-B-D-glucoside

Figure 3 Structures of flavonoids previously isolated from Dendrobium species

(continued)
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Table 3 Distribution of terpenoids in the genus Dendrobium

Compounds Plant Plant part Reference
Aduncin [158] D. longicornu Stem Hu et al., 2008a
Amoenin [159] D. aduncum Whole plant | Gawell and
Leander, 1976
Amotin [160] D. amoenum Whole plant | Majumder et al.,
1999
o-Dihydropicrotoxinin [161] | D. amoenum Whole plant | Majumder et al.,
1999
Dendrobane A [162] D. moniliforme Stem Bi et al., 2004
Dendronobilin A [163] D. nobile Stem Zhang et al.,
2007a
Dendronobilin B [164] D. wardianum Stem Zhang et al.,
2007b
D. nobile Stem Wang et al., 2009
Dendronobilin C [165] D. crystallium Stem Wang et al., 2009
Dendronobilin D [166] D. nobile Stem Zhang et al.,
2007b
Dendronobilin E [167] D. nobile Stem Zhang et al.,
2007b
Dendronobilin F [168] D. nobile Stem Zhang et al.,
2007b
Dendronobilin G [169] D. nobile Stem Zhang et al.,
2007b
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Compounds Plant Plant part Reference
Dendronobilin H [170] D. nobile Stem Zhang et al.,
2007b
Dendronobilin | [171] D. nobile Stem Zhang et al.,
2007b
Dendronobilin J [172] D. nobile Stem Zhang et al.,
2007b
Dendronobilin K [173] D. wardianum Stem Fan et al., 2013
Dendronobilin L [174] D. nobile Stem Zhang et al.,
2007b
Dendronobilin M [175] D. nobile Stem Zhang et al.,
2008c¢
Dendronobilin N [176] D. nobile Stem Zhang et al.,
2008c
Dendrowardol A [177] D. nobile Stem Zhang et al.,
2008c¢
Dendrowardol B [178] D. nobile Stem Zhang et al.,
2008c
Dendrowardol C [179] D. wardianum Stem Fan et al., 2013
Corchoionoside C [180] D. wardianum Stem Fan et al., 2013
Crystallinin [181] D. wardianum Stem Fan et al., 2013
Findlayanin [182] D. polyanthum | Stem Hu et al., 2009
3-Hydroxy-2-oxodendrobine | D. findlayanum | Whole plant | Qin et al., 2011

[183]
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Compounds Plant Plant part Reference
Dendrobine [184] D. nobile Stem Wang et al., 1985
Dendromoniliside A [185] | D. nobile Stem Zhang et al., 2007b
Dendromoniliside B [186] | D. moniliforme | Stem Zhao et al., 2003
Dendromoniliside C [187] | D. moniliforme | Stem Zhao et al., 2003
Dendromoniliside D [188] | D. moniliforme | Stem Zhao et al., 2003
Dendronobiloside A [189] | D. moniliforme | Stem Zhao et al., 2003
D. nobile Stem Zhao et al., 2001;
Ye and Zhao, 2002a
Dendronobiloside B [190] | D. nobile Stem Zhao et al., 2001;
Ye and Zhao, 2002a
Dendronobiloside C [191] | D. nobile Stem Zhao et al., 2001;
Ye and Zhao, 2002a
Dendronobiloside D [192] | D. nobile Stem Zhao et al., 2001;
Ye and Zhao, 2002a
Dendronobiloside E [193] | D. nobile Stem Zhao et al., 2001;
Ye and Zhao, 2002a
Dendroside A [194] D. moniliforme | Stem Zhao et al., 2003
D. nobile Stem Zhao et al., 2001;
Ye and Zhao, 2002a
Dendroside B [195] D. nobile Stem Ye and Zhao, 2002a

Zhao et al., 2003
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Compounds Plant Plant part | Reference
Dendroside C [196] D. moniliforme Stem Zhao et al.,, 2003

D. nobile Stem Ye and Zhao, 2002a
Dendroside D [197] D. nobile Stem Ye and Zhao, 2002a
Dendroside E [198] D. nobile Stem Ye et al., 2002b
Dendroside F [199] D. moniliforme Stem Zhao et al., 2003
Dendroside G [200] D. nobile Stem Ye et al., 2002b




[160] Amotin

il H

[162] Dendrobane A

[163] Dendronobilin A

Figure 4 Structures of terpenoids previously isolated from Dendrobium species
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[165] Dendronobilin C

[168] Dendronobilin F

[170] Dendronobilin H [171] Dendronobilin |

Figure 4 Structures of terpenoids previously isolated from Dendrobium species

(continued)



[178] Dendrowardol B

Figure 4 Structures of terpenoids previously isolated from Dendrobium species

(continued)

[175] Dendronobilin M

OH

[177] Dendrowardol A

[179] Dendrowardol C
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[186] Dendromoniliside B [187] Dendromoniliside C [188] Dendromoniliside D

Figure 4 Structures of terpenoids previously isolated from Dendrobium species

(continued)
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[190] Dendronobiloside B

[189] Dendronobiloside A
OGlc OGilc
OGilc

GlcO
[192] Dendronobiloside D

[191] Dendronobiloside C
HI-P —0OGlc

il H

V"—OH
OH

Ve

Tm
™

OGlc
[194] Dendroside A

[193] Dendronobiloside E

—OGIlc

[196] Dendroside C

[195] Dendroside B
Figure 4 Structures of terpenoids previously isolated from Dendrobium species
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[197] Dendroside D

OGilc

How

H

[199] Dendroside F

[200] Dendroside G
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Table 4 Distribution of miscellaneous compounds in the genus Dendrobium

Category and Plant Plant part References

Compound

Aliphatic acid derivatives

Aliphalic acids [201] D. clavatum var. | Stem Chang et al., 2001
aurantiacum

Aliphatic alcohols [202] | D. clavatum var. | Stem Chang et al., 2001
aurantiacum

Malic acid [203] D. huoshanense | Aerial part Chang et al., 2001

Dimethyl malate [204] | D. huoshanense | Aerial part Chang et al., 2010
(-)-Shikimic acid [205] D. fuscescens Whole plant | Tarapatra et al., 1989

D. huoshanense | Aerial part Chang et al., 2010

D. longicornu Stem Hu et al., 2008
D. pulchellum Stem Chanvorachote et al.,
2013

Isopentyl butyrate [206] | D. huoshanense | Aerial part Chang et al., 2010

Benzoic acid derivatives and phenolic compounds

3-Hydroxy-2-methoxy- | D. crystallinum | Stem Wang et al., 2009
5,6-dimethylbenzoic

acid [207]

Salicylic acid [208] D. huoshanense | Aerial part Chang et al., 2010
Vanilloside [209] D. denneanum Stem Pan et al., 2012
Gallic acid [210] D. longicornu Whole plant | Li et al., 2009d

Syringic acid [211] D. crystallinum | Stem Wang et al., 2009
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Category and Plant Plant part Reference
Compound
Vanillic acid [212] D. crystallinum | Stem Wang et al., 2009
D. williamsonii Whole plant | Rungwichaniwat et
al., 2014
Antiarol [213] D. chrysotoxum | Stem Hu et al., 2012
Ethylhaematommate D. longicornu Whole plant | Li et al., 2009d
[214]
p-Hydroxybenzaldehyde | D. devonianum | Whole plant | Sun et al., 2014
[215]
D. falconeri Stem Sritularak and
Likhitwitayawuid,
2009
D. tortile Whole plant | Limpanit et al., 2016
Methyl B-orsellinate D. longicornu Stem Hu et al., 2008a
[216]
Protocatechuic acid D. nobile Stem Ye and Zhao, 2002a
[217]
Tachioside [218] D. denneanum Stem Pan et al., 2012
Alkyl 4'—hydroxy—tran5— D. clavatum var. | Stem Chang et al., 2001
cinnamates [219] aurantiacum
Alkyl trans-ferulates D. clavatum var. | Stem Chang et al., 2001

[220]

aurantiacum
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ferulate [227]

Ferulaldehyde [228]

D. longicornu

Whole plant

Category and Plant Plant part Reference
Compound
Defuscin [221] D. aurantiacum | Stem Yang et al., 2006a

var. denneanum

D. aurantiacum | Stem Yang et al., 2006a

var. denneanum

D. moniliforme Stem Bi et al., 2004
n-Octacosyl ferulate D. aurantiacum | Stem Yang et al., 2006a
[222] var. denneanum

D. moniliforme Stem Bi et al., 2004
n-Triacontyl p-hydroxy- | D. moniliforme Stem Bi et al., 2004
cis-cinnamate [223]
Tetratriacontanyl-trans- | D. williamsonii Whole plant | Rungwichaniwat et
p-coumarate [224] al.,, 2014
n-Docosyl trans-ferulate | D. longicornu Whole plant | Li et al., 2009d
[225]

D. williamsonii Whole plant | Rungwichaniwat et

al., 2014

trans-Tetracosyl D. tortile Whole plant | Limpanit et al.,
ferulate [226] 2016
cis-Hexacosanoyl D. tortile Whole plant | Limpanit et al.,

2016

Li et al., 2009d
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Category and Plant Plant part Reference

Compound

Ferulic acid [229] D. secundum Stem Sritularak et al.,
2011b

2-(p-Hydroxyphenyl) D. falconeri Stem Sritularak and

ethyl p-coumarate Likhitwitayawuid,

[230] 2009

Dihydroconiferyl D. nobile Stem Zhang et al., 2006b

dihydro-p-coumarate

[231]

1-[4-(B-D- D. aurantiacum Stem Xiong et al., 2013

Lucopyranosyloxy)-3,5- var LSBT

dimethoxyphenyl]-1-

propanone [232]

Coniferyl alcohol [233] | D. triconopus Stem Hu et al., 2008b

p-Hydroxyphenyl D. aphyllum Whole plant | Chen et al., 2008

propionic methyl ester

[234]

Phloretic acid [235] D. candidum Whole plant | Li et al., 2010

D. ellipsophyllum | Whole plant | Tanagornmeatar et

al., 2014)

Dihydroconiferyl D. longicornu Stem Hu et al., 2008a

alcohol [236]

Salidrosol [237] D. chrysotoxum Stem Hu et al., 2012
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Category and Plant Plant part Reference

Compound

Shashenoside | [238] D. aurantiacum Stem Xiong et al., 2013
var. denneanum

Syringin [239] D. aurantiacum Stem Xiong et al., 2013
var. denneanum

Tetracosyl(Z2)-p- D. falconeri Whole plant | Sritularak and

coumarate [240] Likhitwitayawuid,

2009

Coumarins

Ayapin [241] D. densiflorum Stem Fan et al., 2001

Coumarin [242] D. aurantiacum Stem Yang et al., 2006a
var. denneanum
D. clavatum var. Stem Chang et al., 2001
aurantiacum

Denthyrsin [243] D. thyrsiflorum Stem Zhang et al., 2005

Scoparone [244] D. densiflorum Stem Fan et al., 2001
D. thyrsiflorum Stem Zhang et al., 2005

Scopoletin [245] D. densiflorum Stem Fan et al., 2001

Lignans and neolignans

Dehydrodiconiferyl D. chrysanthum Stem Ye et al., 2004

alcohol-4-O-B-D-
glucoside [246]




Table 4 (continued)

Category and Plant Plant part | Reference
Compound
Episyringaresinol [247] | D. chrysotoxum | Stem Hu et al., 2012
D. longicornu Stem Hu et al., 2008a
D. nobile Stem Zhang et al., 2008b

Episyringaresinol 4"-O- | D. moniliforme Stem Zhao et al., 2003
-D-slucopyranoside
[248]
(-)«7S,8R,7'E)-4- D. aurantiacum | Stem Xiong et al., 2013
Hydroxy-3,3',5,5'-

yarexy var. denneanum
tetramethoxy-8,4'-
oxyneolign-7'-ene-7,9'-
triol-7,9'-bis-O-B-D-
glucopyranoside [249]
Lyoniresinol [250] D. chrysanthum | Stem Ye et al., 2004
(-)-Syringaresinol-4,4’- | D. aurantiacum | Stem Xiong et al., 2013
bis-O-B-D- var. denneanum
glucopyranoside [251]
Syringaresinol-4-O-D- D. aurantiacum | Stem Xiong et al., 2013
monoglucopyranoside var. denneanum
[252]
(-)-Medioresinol [253] D. loddigesii Whole plant | Ito et al., 2010
(-)-Pinoresinol [254] D. loddigesii Whole plant | Ito et al., 2010
Syringaresinol [255] D. secundum Stem Sritularak et al,,

2011b

14
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3,3’ 5,5'-tetramethoxy-
8,4'—oxyneolign-7'-ene—
9,9"-diol 4,9-bis-O-B-D-

glucopyranoside

[260]

Category and Compound | Plant Plant part Reference

Erythro-1-(4-O-B-D- D. longicornu Stem Hu et al., 2008a

glucopyranosyl-

3-methoxyphenyl)-2-[4-(3-

hydroxypropyl)-2,6-

dimethoxyphenoxy]-1,3-

propanediol [256]

Acanthoside B [257] D. chrysanthum | Stem Ye et al., 2004

Liriodendrin [258] D. brymerianum | Whole plant | Chen et al.,
2014b

D. pulchellum Stem Chanvorachote et

al., 2013

(-)-(8R,7'E)-4-hydroxy- D. auranticum Stem Li et al., 2014

3,3',5,5"-tetramethoxy-8,4'-

oxyneolign-7"-ene-9,9"-diol

4,9-bis-O-B-D-

glucopyranoside [259]

(-)-(85,7' E)-a-hydroxy- D. auranticum Stem Li et al., 2014
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plant

Category and Compound | Plant Plant part | Reference
(-)-(8R, 7' E)-4-hydroxy- D. auranticum Stem Liet al., 2014
3,3',5,5',9'—pentamethoxy—
8,4'—o><yneotign—7'—ene—9—oL
4,9-bis-O-B-D-
glucopyranoside [261]
Fluorenones
Denchrysan A [262] D. chrysotoxum | Whole Li et al., 2009c
plant
Denchrysan B [263] D. brymerianum | Whole Klongkumnuankarn
plant et al.,, 2015
D. chrysotoxum | Whole Chen et al., 2008a
plant
Dendroflorin [264] D. aurantiacum | Stem Yang et al., 2006a
var. denneanum
D. brymerianum | Whole Klongkumnuankarn
plant et al.,, 2015
Dengibsin [265] D. aurantiacum | Stem Yang et al., 2006a
var. denneanum
D. chrysanthum | Stem Yang et al., 2006b
D. chrysotoxum | Whole Li et al., 2009c¢




Table 4 (continued)

Benzoquinone [273]

Category and Plant Plant part Reference

Compound

Nobilone [266] D. brymerianum | Whole plant | Klongkumnuankarn
et al., 2015)

D. nobile Stem Zhang et al., 2007a
1,4,5-Trihydroxy-7- D. chrysotoxum | Whole plant | Chen et al., 2008a
methoxy-9H-fluoren-9-
one [267]

2,4, 7-Trihydroxy-5- D. chrysotoxum | Stem Yang et al., 2004
methoxy-9-fluorenone

[268]

2,4,7-Trihydroxy-1,5- D. chrysotoxum | Stem Yang et al., 2004
dimethoxy-9-

fluorenone [269]

Others

3,6,9-Trihydroxy-3,4- D. chrysotoxum | Stem Hu et al., 2012
dihydroanthracen-1-

(2H)-one [270]

Palmarumycin JC2 D. crystallinum | Stem Wang et al., 2009
[271]

Dehydrovomifoliol D. loddigesii Whole plant | Ito et al., 2010
[272]

2,6-Dimethoxy D. chryseum Stem Ma et al., 1998

80



Table 4 (continued)

Category and Plant Plant Reference
Compound part

4-(2-Hydroxypropyl)- D. tortile Whole Limpanit et al., 2016
2(5H)-furanone [274] plant

5,7-Dihydroxy-chromen- | D. ellipsophyllum | Whole Tanagornmeatar et
4-one [275] plant al,, 2014

CH3-(CH5),-CH»-R
[201] Aliphatic acids: R = COOH, n = 19-31

[202] Aliphatic alcohol: R = OH, n = 22-32

HO (0]
O
R1W‘I\R2
© oOH HO" ™" OH
OH
[203] Malic acid: R; = R, = OH
[204] Dimethyl malate: R; = R, =OMe [205] (-)-Shikimic acid
MeO OH
\/\[(O\/\( HO
0
o}
[206] Isopentyl butyrate [207] 3-Hydroxy-2-methoxy-5,6-

dimethylbenzoic acid

Figure 5 Structures of miscellaneous compounds previously isolated from

Dendrobium species



OH O
OH

[208] Salicylic acid

COOH

Rq R;
OH

[210] Gallic acid: R; = OH, R, = OH

[211] Syringic acid: R; = OMe, R, = OMe
[212] Vanillic acid: R; = H, R, = OMe

[213] Protocatechuic acid: R; = H, R, = OH

OMe
OMe

HO OMe

[215] Ethylhaematommate

HO CH,

H;C COOCHj;
OH

[217] Methyl B-orsellinate
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OH

o) OMe
HO

HO  OH

[209] Vanilloside

CHO
HO OH

COOC,Hs
CHj

[214] Antiarol

/©/CHO
HO

[216] p-Hydroxybenzaldehyde
OMe
GlcO

OH

[218] Tachioside

Figure 5 Structures of miscellaneous compounds previously isolated from

Dendrobium species (continued)
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HO \ OR,

6]

[219] Alkyl 4'-hydroxy-trans-cinnamates: Ry = H, R, = CHypyq, N =22-32
[220] Alkyl trans-ferulates: R; = OMe, R, = C\Hynyq, N = 18-28, 30

[221] Defuscin: Ry = OMe, R, = (CH,),7CH5

[222] n-Octacosyl ferulate: R; = OMe, R, = (CH,),sCH5

[223] n-Triacontyl p-hydroxy-cis-cinnamate: R; = H, R, = CHy,,1, N =30

[224] Tetratriacontanyl-trans-p-coumarate: R; = H, R, = (CH,)35CH;
MeOD/\/R
HO

[225] n-Docosy! trans-ferulate: R = COOCH,(CH,),,CHs
[226] trans-Tetracosylferulate: R = COOCH,(CH,),,CHs
[227] cis-Hexacosanoyl ferulate: R = COOCH,(CH,),,CH;
[228] Ferulaldehyde: R = CHO

[229] Ferulic acid: R = COOH

OH
: LT
AN (@]
HO

[230] 2-(p-Hydroxyphenyl) ethyl p-coumarate

Figure 5 Structures of miscellaneous compounds previously isolated from

Dendrobium species (continued)



MeO
GlcO

OMe

[232] 1-[4-(B-D-glucopyranosyloxy)-

3,5-dimethoxyphenyl]-1-propanone
O
COOR

[234] p-Hydroxyphenyl propionic
Methyl ester: R = CH,

[235] Phloretic acid: R = OH

OH
o

[237] Salidrosol

84

[233] Coniferyl alcohol

OH
HO

OMe

[236] Dihydroconiferyl alcohol

GlcO Z

GlcO
OMe

[238] Shashenoside |

Figure 5 Structures of miscellaneous compounds previously isolated from

Dendrobium species (continued)
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MO .
HO (@) O(CH2)23CH3

GlcO
OMe

[239] Syringin [240] Tetracosyl (2)-p-coumarate

o o8

[241] Ayapin [242] Coumarin

[243] Denthyrsin [244] Scoparone: R = OMe

[245] Scopoletin: R = OH

Figure 5 Structures of miscellaneous compounds previously isolated from

Dendrobium species (continued)
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MeO

GIcO: : H CH,OH . CH,OH
MeO )

OMe

[246] Dehydrodiconiferyl alcohol-

4-O-B-D-glucoside
[247] Episyringaresinol: R = H
[248] Episyringaresinol 4'"-O-B-D-

MeO e
OHe AN 0Glc glucopyranoside: R = Glc

OMe
OGlc

MeO

HO
OMe

[249] (-)-(7S,8R,7'E)-4-hydroxy-3,3',5,5'-

tetramethoxy-8,4'-oxyneolign-7'-ene- [250] Lyoniresinol

7,9,9'-triol-7,9"-bis-O-B-D-glucopyranoside

OR

OMe

[251] (-)-Syringaresinol-4,4'-bis-O-B-D-glucopyranoside: R = Glc
[252] Syringaresinol-4-O-D-monoglucopyranoside: R = H

Figure 5 Structures of miscellaneous compounds previously isolated from

Dendrobium species (continued)
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[253] (-)>-Medioresinol: R = OMe

[254] (-)-Pinoresinol: R = H

OMe

Gl
cO HO MeO OH
OH
(@)

H OMe

[255] Erythro-1-(4-O-B-D-glucopyranosyl-3-methoxypheny)-2-[4-(3-hydroxypropy)-2,6-
dimethoxyphenoxy]-1,3-propanediol

Figure 5 Structures of miscellaneous compounds previously isolated from

Dendrobium species (continued)
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[256] Syringaresinol OMe OH OMe OH
[257] Acanthoside B OMe OGlc OMe OH
[258] Liriodendrin OMe OGlc OMe OGlc
HO
MeO ™ R
HO O o
HO™ on \ -0
M
MeO OMe
o (0]
HO OMe
OH
HOHo

[259] (-)-(8R,7'E)-4-hydroxy-3,3,5,5'-tetramethoxy-8,4'-oxyneolign-7'-ene-9,9'-diol
4,9-bis-O-B-D-glucopyranoside: R = OH; 8R

[260] (-)-(8S,7'E)-4-hydroxy-3,3',5,5'-tetramethoxy-8,4’-oxyneolign-7"-ene-9,9'-diol
4,9-bis-O-B-D-glucopyranoside: R = OH; 8S

[261] (-)-(8R,7'E)-4-hydroxy-3,3',5,5',9"-pentamethoxy-8,4"-oxyneolign-7'-ene-9-ol
4,9-bis-O-B-D-glucopyranoside: R = OMe; 8R

Figure 5 Structures of miscellaneous compounds previously isolated from

Dendrobium species (continued)
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oL

OH

[263] Denchrysan B

[262] Denchrysan A H OH OH OMe OH
[264] Dendroflorin OH H OH OMe OH
[265] Dengibsin H OH OMe OH H
[266] Nobilone H OH H OMe OH
[267] 1,4,5-Trihydroxy-7-methoxy- OH H OH OH OMe

9H-fluoren-9-one
[268] 2,4,7-Trihydroxy-1,5-dimethoxy- OMe OH OH OMe OH

9-fluorenone

Figure 5 Structures of miscellaneous compounds previously isolated from

Dendrobium species (continued)
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OH O

AL,

[269] 3,6,9-Trihydroxy-3,4-

dihydroanthracen-1-(2H)-one

O

N
“OH
(@)

[271] Dehydrovomifoliol

OH

[273] 4-(2-Hydroxypropyl)-2(5H)-furanone

[270] Palmarumycin JC2

MeO Me

o)

[272] 2,6-Dimethoxybenzoquinone

HO @)

OH O

[274] 5,7-Dihydroxy-chromen-4-one

Figure 5 Structures of miscellaneous compounds previously isolated from

Dendrobium species (continued)
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2. Traditional uses and biological activities of Dendrobium species

Medicinal plants of the Dendrobium species have been used to treat for several
indications as traditional Chinese medicine (TCM). For instance, promote the
production of body fluid, swelling, red tounge, dry mouth, reduce fever,
hyperglycemia, diabetes. They are also used to medicate stomach disease, kidney,
lung disorders and relived symptoms such as dryness of the throat and thirst with

blurred vision (Ng et al., 2012); (Rungwichaniwat et al., 2014)

Many bioactive constituents from Dendrobium plants exhibited various
pharmacological properties, for example, anticancer activity, antiangiogenic activity,
immunomodulating activity, antidiabetic activity, inhibition of cataractogenesis,
neuroprotective activity, hepatoprotective activity, anti-inflammatory activity,
antioxidant activity, antibacterial activity, antimalarial activity, antiviral activity,
hemagglutininating activity, antiplatelet aggregation, effect on water channels, effect
on colonic health, effect on hyperthyroidism and beneficial action on bones. (Teixeira

da Silva and Ng, 2017).

In antidiabetic activity, the extract of D. candidum have been shown to
decrease blood glucose concentration in epinephrine-induced hyperglycemia in mice
and streptozotocin-induced diabetes in rats by inhibiting slucagon secretion,
stimulating insulin secretion from B-cells, glycogen synthesis and glycogenolysis (Jiang
et al., 2014). The compounds (loddigesiinols G-J [131, 132, 133, 134] and crepidatuol
B [50]) from stem of D. loddigesii were tested for a-glucosidase inhibitory activity, and
the compounds showed stronger activity (ICso values = 16.7, 10.9, 2.7, 3.2, and 18.9
UM, respectively) than trans-resveratrol (positive control, ICsy values = 27.9 uM) (Lu et
al., 2014). Another study, isolated compounds from D. tortile, dendrofalconerol A [62]
and (25)-eriodictyol [137] also expressed inhibitory activity on al-glucosidase enzyme
with 1Csq values = 18.0 and 276.2 uM, respectively. In addition, there is research
pertaining to diabetic complication, cataract formation, such as the stem of D.
aurantiacum var. denneanum can protect galactose-induced cataract formation in rats
by decreasing aldose reductase and inducible NO synthase (NOS) activities (Fang et al.,

2015) .



92

There are several compounds from Dendrobium plants exhibited anticancer
activity. For example, denbinobin [84] from D. nobile, can decrease the expression
level of decoy receptor-3 and synergized with Fas ligand to bring about apoptotic cell
death in pancreatic adenocarcinoma cells (Yang et al.,, 2010) and also inhibit Racl
activity which forestalled lamellipodial formation that cause the migration of prostate
cancer (Lu et al., 2014a). The bibenzyls and related compounds from D. brymerianum
such as gigantol [28], moscatilin [32], lusianthridin [99] showed cytotoxic effect against
human lung cancer cell lines with ICsy values of 23.4, 196.7 and 65.0 pg/mL,
respectively (Klongkumnuankarn et al., 2015). Furthermore, dendrofalconerol A [62],
dendrocandin B [2], dendrocandin | [44], 3,4—dihydroxy—5,4'—dimethoxybibenzyL [40]
and dendrosignatol [94] from the whole plant of D. signatum, manifested cytotoxic
activity against colorectal cancer HT-29 cells and hepatoma HepG and breast cancer
MDA-23 1 (Mittraphab et al., 2016). Besides, 4,4'—dihydroxy—3,5—dimethoxybibenzyl [41],
4,5,4"-trihydroxy-3,3"-dimethoxybibenzyl [36], chrysoeriol [142] and luteolin [141] from
D. ellipsophyllum demonstrated anoikis-sensitizing, apoptosis-inducing, antimetastatic

and cytotoxic activities on H292 human lung cancer cells (Tanagornmeatar et al., 2014).

In platelet aggregation-inhibitory activity, moscatin [91] and moscatilin [32] from
D. loddigesii stems inhibited arachidonic acid and collagen-induced platelet
aggregation (Chen et al., 1994). Moscatilin [32] from D. densiflorum also displayed
antiplatelet aggregation activity on rat platelets in vitro (Fan et al., 2001). Additionally,
trigonopol A [47], a bibenzyl from D. trigonopus exhibited antiplatelet aggregation
activity in vitro (Hu et al., 2008b).

In relation to antimalarial activity, densifloral B [83] and phoyunnanin E [69]
from D. venustum exhibited stronger activity than gigantol [28], batatasin Ill [16] and
phoyunnanin C [68] from the same plant (Sukphan et al., 2014).
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CHAPTER IlI
EXPERIMENTAL

1. Source of plant materials

The whole plant of Dendrobium formosum Roxb. ex Lindl. was purchased from
Chatuchak market, Bangkok, in September 2015. Authentication was performed by
Associate Professor. Thatree Phadungcharoen (Faculty of Pharmacy, Rangsit University)
and comparison with database of the Botanical Garden Organization. A voucher
specimen (BS-DF-092558) has been deposited at the Department of Pharmacognosy
and Pharmaceutical Botany, Faculty of Pharmaceutical Sciences, Chulalongkorn

University.
2. General techniques

2.1 Analytical thin-layer chromatography (TLC)

Technique One dimension ascending

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

Layer thickness : 0.2 mm

Distance : 6.5 cm

Temperature : Laboratory temperature (30-35 °C)

Detection : 1. Ultraviolet light at wavelengths of 254 and 365 nm.

2. Spraying with anisaldehyde reagent (0.5 ml p-anisaldehyde in
50 ml glacial acetic acid and 1 ml 97% sulfuric acid) and heating

at 105 °C for 10 min.
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2.2 Column chromatography

2.2.1 Vacuum liquid chromatography (VLC)

Adsorbent

Packing method

Sample loading

Detection

Silica gel 60 (No. 7734) particle size 0.063-0.200 mm

(E. Merck)

Dry packing

The sample was dissolved in a small amount of organic
solvent, mixed with a small quantity of the adsorbent,

triturated, dried and then gradually placed on top of the

column.
Each fraction was examined by TLC under UV light at the

wavelengths of 254 and 365 nm.

2.2.2 Flash column chromatography (FCC)

Adsorbent

Packing method

Sample loading

Detection

Silica gel 60 (No. 9385) particle size 0.040-0.063 mm

(E. Merck)

Dry packing

The sample was dissolved in a small amount of organic
solvent, mixed with a small quantity of the adsorbent,

triturated, dried and then gradually placed on top of the

column.

Fractions were examined as described in section 2.2.1
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2.2.3 Gel filtration chromatography
Adsorbent : Sephadex LH-20 (GE Healthcare)
Packing method : The appropriate organic solvent was used as the

eluent. Gel filter was suspended in the eluent, left
standing about 24 hours prior to use and then poured

into the column and left to set tightly.
Sample loading : The sample was dissolved in a small amount of the

eluent and then gradually distributed on top of the

column.
Detection : Fractions were examined in the same way as described

in section 2.2.1

2.3 Spectroscopy
2.3.1 Mass spectra

Mass spectra were recorded on a Bruker micro TOF mass spectrometer

(ESI-MS) (Department of Chemistry, Faculty of Sciences, Mahidol University).
2.3.2 Proton and carbon-13 nuclear magnetic resonance (*H and
>C-NMR) spectra

'H NMR (300 MHz) and *C NMR (75 MHz) spectra were recorded on a
Bruker Avance DPX-300 FT-NMR spectrometer (Faculty of Pharmaceutical

Sciences, Chulalongkorn University)

Solvents for NMR spectra were deuterated acetone (acetone-d) and
deuterated chloroform (CDCls). Chemical shifts were reported in ppm scale

using the chemical shift of the solvent as the reference signal.
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2.4 Solvents

All organic solvents employed throughout this work were of commercial

grade and were redistilled prior to use.
3. Extraction and isolation
3.1 Extraction

The dried whole plants of D. formosum (2.0 kg) were ground and then
macerated with methanol (3x10 L) for 72 hours three times. The organic solvent was
evaporated under reduced pressure to give 115 ¢ of methanol crude extract. This
material was suspended in water and partitioned with EtOAc and then n-butanol to

give an EtOAc extract (57 g), a n-butanol extract (25 ¢), and an aqueous extract (30 g).

All three extracts were tested for Ol-glucosidase and lipase inhibitory activities. The
EtOAc extract showed the highest activity with 96.31% and 83.94% inhibition at 100
ue/mL, respectively. Therefore the EtOAc extract was selected for further studies

(Scheme 1).
3.2 Isolation

The EtOAc extract (57 ¢) was initially fractionated by vacuum liquid
chromatography (VLC) as described in section 2.2.1. (Scheme 2) Silica gel (No.7734,
600 ¢) was used as the stationary phase and a step gradient of hexane-EtOAc (1:0 to
0:1) as the mobile phase. The eluates were collected about 500 mL per fraction and
examined by TLC (silica gel, hexane-EtOAc 7:3) to give eight fractions (A-H). Fractions A
(24¢),B(32¢),C(4.2¢),D(1.19,E(3.29),F(6.8¢),G(10¢ andH (2.0 g).

3.2.1 Isolation of compound DFM-1 (confusarin)
Fraction F (6.8 ¢) was further separated by FCC using silica gel (No. 9385)

as the stationary phase with a gradient mixture of hexane-EtOAc (1:0 to 0:1) to

give nine fractions (FI-FIX).

Fraction Fll (271 mg) was separated by FCC using silica gel (No. 9385) as

the stationary phase with a gradient of hexane-CH,Cl, to give 4 fractions (Fll1-



Fll4). Fraction FII2 was purified on a Sephadex LH-20 column, eluted with
methanol, to give compound DFM-1 as yellow amorphous solid. (3 mg, R¢0.46,

silica gel, hexane-CH,Cl, = 1:9). It was identified as confusarin.
3.2.2 Isolation of compound DFM-2 (hircinol)

Fraction Fll4 (21.5 mg) was separated on a Sephadex LH-20 (methanol)
to give compound DFM-2. (15 mg, R: 0.29, silica gel, 100% CH,CL,). It was

identified as hircinol.
3.2.3 Isolation of compound DFM-3 (erianthridin)

Fraction FIll (85.2 mg) was subjected to a Sephadex LH-20 (methanol)
to give three fractions (FIlI1-Flli3). Fraction FllI2 afforded erianthridin (45 mg, R
0.42, silica gel, hexane-EtOAc = 7:3).

3.2.4 Isolation of compound DFM-4 (gigantol)

Fraction FV (648.9 mg) was chromatographed by FCC using silica gel
(No. 9385) as the stationary phase with a step gradient mixture of hexane-
CH,Cl, (1:0 to 0:1). Six fractions (FV1-FV6) were obtained and combined
according to the similarity of their TLC patterns. Compound DFM-4 was
obtained from fraction FV3 as a brown amorphous solid (94 mg, R 0.38, silica

gel, hexane-CH,Cl, = 1:9) and was later identified as gigantol.
3.2.5 Isolation of compound DFM-5 (nudol)

Fraction FV2 (16.9 mg) was purified on Sephadex LH-20 (methanol) to
give compound DFM-5 as a yellow amorphous solid (10 mg, Rr 0.45, silica gel,

hexane-EtOAc = 7:3) and it was identified as nudol.
3.2.6 Isolation of compound DFM-6 (lusianthridin)

Fraction FV5 (193 mg) was subjected to FCC over silica gel (No. 9385)
as the stationary phase, eluted with a gradient mixture of hexane-EtOAc (1:0
to 0:1) to give compound DFM-6 as a brown amorphous solid (8 mg, R¢ 0.18,
silica gel, 100% CH,Cl,) and was identified as lusianthridin.
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3.2.7 Isolation of compound DFM-7 (coelonin)

Fraction FVI (361.7 mg) was separated by FCC using silica gel (No. 9385)
as the stationary phase, using gradient mixture of hexane-CH,Cl, (1:0 to 0:1) to
afford five subfractions (FVI1-FVI5). DFM-7 was obtained from fraction FVI2 as a
brown amorphous solid (75 mg, R¢ 0.27, silica gel, CH,Cl,-EtOAc = 9.5:0.5) and

was later identified as coelonin.

3.2.8 Isolation of compound DFM-8 (dihydroconiferyl dihydro-p-

coumarate)

Fraction FVI4 (58 mg) was separated on a Sephadex LH-20 column,
eluted with methanol, to give compound DFM-8 as a yellow amorphous solid
(25 mg, R 0.22, silica gel, 100% CH,Cl,). This compound was identified as

dihydroconiferyl dihydro-p-coumarate.
3.2.9 Isolation of compound DFM-9 (batatasin IlI)

Fraction FVI5 (29 mg) was subjected to a Sephadex LH-20 column
(MeQOH), to give compound DFM-9 as a brown amorphous solid (18 mg, R;0.26,
silica gel, CH,Cl,-EtOAC = 9.5:0.5). It was identified as batatasin Il.

3.2.10 Isolation of compound DFM-10 (2,5,7-trihydroxy-4-methoxy-
9,10-dihydrophenanthrene)

Fraction FVIII (272 mg) was separated by FCC using silica gel (No. 9385)
as the stationary phase with CH,Cl,-EtOAc gradient to afford three fractions
(FVIIL-FVII3).

Fraction FVIII2 was separated on a Sephadex LH-20 column, eluted with
methanol, to give compound DFM-10 as a brown amorphous solid (22 mg, R
0.42, silica gel, CH,Cl,-EtOAc = 9:1). This compound was identified as 2,5,7-

trihydroxy-4- methoxy-9,10-dihydrophenanthrene.
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3.2.11 Isolation of compound DFM-11 (moscatilin)

Fraction G (10 g) was separated by FCC using silica gel (No. 9385) as the
stationary phase, eluted with a gradient mixture of hexane-EtOAc (1:0 to 0:1)

to give seven fractions (GI-GVII).

Fraction GlIl (508 mg) was further separated on a Sephadex LH-20

column, eluted with methanol, to give eight fractions (GlII1-GlII8).

Fraction GllI2 (51 mg) was purified by FCC using silica gel (No. 9385) as
the stationary phase with a gradient of CH,Cl,-hexane to give compound DFM-
11 as brown amorphous solid (3 mg, R¢ 0.40, silica gel, CH,Cl,-hexane = 9:1). It

was identified as moscatilin.

3.2.12 Isolation of compound DFM-12 (5-methoxy-7-hydroxy-9,10-
dihydro-1,4-phenanthrenequinone)

Fraction Glll4 (52 mg) was purified by FCC using silica gel (No. 9385) as
the stationary phase with gradient elution of CH,Cl,-methanol to give
compound DFM-12 as red amorphous solid. (11 mg, Rr 0.44, silica gel, CH,Cl,-
methanol = 49 : 1) and it was later identified as 5-methoxy-7-hydroxy-9,10-
dihydro-1,4-phenanthrenequinone.
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4. Physical and spectral data of isolated compounds
4.1 Compound DFM-1 (confusarin)

Compound DFM-1 was obtained as a yellow amorphous solid, soluble in

acetone (3.0 mg, 0.00015 % based on dried weight of whole plant).
HR-ESI-MS : [M-H] ion at m/z 299.0919 (C;,H,50s); Figure 6

'H NMR X ppm, 300 MHz, in acetone-dg; see Table 5, Figure 7
3¢ NMR 0 ppm, 75 MHz, in acetone-dg; see Table 5, Figure 8

4.2 Compound DFM-2 (hircinol)

Compound DFM-2 was obtained as a yellow amorphous solid, soluble in

acetone (15.0 mg, 0.00075 % based on dried weight of whole plant).

HR-ESI-MS : [M+Na]" ion at m/z 265.0847 (C,5H,,0sNa); Figure 12
'H NMR X ppm, 300 MHz, in acetone-dg; see Table 6, Figure 13
3¢ NMR -0 ppm, 75 MHz, in acetone-dg; see Table 6, Figure 14

4.3 Compound DFM-3 (erianthridin)

Compound DFM-3 was obtained as a yellow amorphous solid, soluble in

acetone (45.0 mg, 0.00225 % based on dried weight of whole plant).

HR-ESI-MS : [M+Na]" ion at m/z 295.0949 (Cy¢H,¢04Na); Figure 17

'H NMR X ppm, 300 MHz, in acetone-ds; see Table 7, Figure 18

13C NMR : O ppm, 75 MHz, in acetone-dg; see Table 7, Figure 19
4.4 Compound DFM-4 (gigantol)

Compound DFM-4 was obtained as a brown amorphous solid, soluble in

acetone (94.0 mg, 0.0047 % based on dried weight of whole plant).

HR-ESI-MS : [M+Na]" ion at m/z 297.1111 (Cy4H;504Na); Figure 23

'H NMR .0 ppm, 300 MHz, in acetone-ds; see Table 7, Figure 24
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3¢ NMR : O ppm, 75 MHz, in acetone-dg; see Table 7, Figure 25
4.5 Compound DFM-5 (nudol)

Compound DFM-5 was obtained as a yellow amorphous solid, soluble in

acetone (10.0 mg, 0.005 % based on dried weight of whole plant).

HR-ESI-MS : [M+Na]"ion at m/z 293.0793 (C,4H,404Na); Figure 27
'H NMR X ppm, 300 MHz, in acetone-dg; see Table 8, Figure 28
3¢ NMR -0 ppm, 75 MHz, in acetone-dg; see Table 8, Figure 29

4.6 Compound DFM-6 (lusianthridin)

Compound DFM-6 was obtained as a brown amorphous solid, soluble in

acetone (8.0 mg, 0.004 % based on dried weight of whole plant).

HR-ESI-MS : [M+Na]" ion at m/z 265.0847 (C;5H,40sNa); Figure 32
'H NMR X ppm, 300 MHz, in acetone-dg; see Table 9, Figure 33
13C NMR -0 ppm, 75 MHz, in acetone-dg; see Table 9, Figure 34

4.7 Compound DFM-7 (coelonin)

Compound DFM-7 was obtained as a brown amorphous solid, soluble in

acetone (75.0 mg, 0.00375 % based on dried weight of whole plant).

HR-ESI-MS : [M+Na]" ion at m/z 265.0845 (C;5H;,0sNa); Figure 37

'H NMR X ppm, 300 MHz, in acetone-ds; see Table 10, Figure 38

13C NMR X ppm, 75 MHz, in acetone-dy; see Table 10, Figure 39
4.8 Compound DFM-8 (dihydroconiferyl dihydro-p-coumarate)

Compound DFM-8 was obtained as a yellow amorphous solid, soluble in

acetone (25.0 mg, 0.00125 % based on dried weight of whole plant).

HR-ESI-MS : [M+Na]" ion at m/z 353.1368 (C;oH,,0sNa); Figure 42

'H NMR : O ppm, 300 MHz, in acetone-dy; see Table 11, Figure 43
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3¢ NMR : O ppm, 75 MHz, in acetone-dg; see Table 11, Figure 44
4.9 Compound DFM-9 (batatasin Ill)

Compound DFM-9 was obtained as a brown amorphous solid, soluble in

acetone (18.0 mg, 0.009 % based on dried weight of whole plant).

HR-ESI-MS : [M+Na]" ion at m/z 267.0955 (C;5H;¢0sNa); Figure 48
'H NMR X ppm, 300 MHz, in acetone-dg; see Table 12, Figure 49

3¢ NMR -0 ppm, 75 MHz, in acetone-dy; see Table 12, Figure 50

4.10 Compound DFM-10 (2,5,7-trihydroxy-4-methoxy-9,10-
dihydrophenanthrene)

Compound DFM-10 was obtained as a brown amorphous solid, soluble in

acetone (22.0 mg, 0.0011 % based on dried weight of whole plant).

HR-ESI-MS : [M+Na]" ion at m/z 281.0791 (C;5H,404Na); Figure 52

'H NMR -0 ppm, 300 MHz, in acetone-ds; see Table 13, Figure 53

3C NMR : O ppm, 75 MHz, in acetone-dg; see Table 13, Figure 54
4.11 Compound DFM-11 (moscatilin)

Compound DFM-11 was obtained as a brown amorphous solid, soluble in

chloroform (5.0 mg, 0.00025 % based on dried weight of whole plant).

HR-ESI-MS : [M+Na]+ ion at m/z 327.1219 (C;;H,,OsNa); Figure 55
'H NMR -0 ppm, 300 MHz, in CDCls; see Table 14, Figure 56

3C NMR : O ppm, 75 MHz, in in CDCl;; see Table 14, Figure 57

4.12 Compound DFM-12 (5-methoxy-7-hydroxy-9,10-dihydro-1,4-

phenanthrenequinone)

Compound DFM-12 was obtained as a red amorphous powder, soluble in

acetone (11.0 mg, 0.00055 % based on dried weight of whole plant).

HR-ESI-MS : [M+Na]" ion at m/z 279.0633 (C;5H,,04Na); Figure 60
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'H NMR 0 ppm, 300 MHz, in acetone-dg; see Table 15, Figure 61

3¢ NMR : O ppm, 75 MHz, in acetone-dg; see Table 15, Figure 62

5. Ol-Glucosidase and lipase enzyme inhibitory activity assays

5.1 Ol-Glucosidase enzyme inhibitory activity assay

o-Glucosidase is the most important enzyme for carbohydrate digestion. o-
Glucosidase inhibition reach to protect excess glucose absorption at the small intestine
(Xiao et al., 2013). Many constituents from medicinal plants have been reported as a-
glucosidase inhibitors such as flavonoids, terpenes, phenylpropanoids, phenol, and
alkaloids (Yin et al., 2014). Structure-Activity Relationship have been studied in some
secondary metabolites groups as well as flavonoids, stilbenes and tannins (Xiao et al.,

2013).
5.1.1 Materials and instruments
- p-Nitrophenyl-a-D-glucopyranoside (pNPG) (Sigma-Aldrich, USA)
- a-Glucosidase enzyme (Sigma-Aldrich, USA)
- Na,COj5 (Sigma-Aldrich, USA)

- Microplate reader (Wallac1420 Multilevel counter, Victor3,

PerkinElmer)
- Ultrasonic bath (Transsonic 570/H, Elma)
- Vortex mixer (Vortex-Genie2, Scientific industries)
5.1.2 Determination of a-glucosidase enzyme inhibitory activity

The a-glucosidase enzyme inhibitory activity was assayed by monitoring
the release of p-nitrophenol from p-nitrophenyl-a-D-glucopyranoside (pNPG). In the
assay, 10 pl of test sample and 40 pl of 0.1 U/ml a-glucosidase were mixed in a 96-
well plate and pre-incubated at 37 °C for 10 min. Then, 50 pl of 2 MM pNPG was added
to the mixture and incubated at 37 °C for 20 min. Eventually, 100 uL of 0.1 mM Na,COs



109

solution were added to stop the reaction. The absorbance was then measured at 405
nm using a microplate reader. The percentage of a-glucosidase inhibitory activity was

calculated by the following formula:
% a-glucosidase inhibitory activity = [(Acontrol = Asample) / Acontrod X 100

Where Aol and Agmple are the absorbance. The experiment was performed in
triplicate. 50%DMSO was used as a negative control. Acarbose was used as a positive

control and treated under the same condition as the samples.

The enzyme kinetics was performed by analyzing the double reciprocal
Lineweaver-Burk plot. The experiment was operated by varying the concentration of
pNPG (0.125, 0.25, 0.5, 1.0, 2.0 mM) in the absence and presence of different test
sample concentrations (80 and 160 uM) and the reaction were allowed to react at 37
°C for 5, 10, 15, 20, 25 and 30 min. Data were displayed as mean + SD. The statistical

analysis was done by student’s t test (Sun et al., 2014).
5.2 Lipase enzyme inhibitory activity assay

Lipase enzyme is a predominant lipolytic enzyme in humans responsible for
the absorption of dietary fats through the hydrolysis of triacylglycerols into
monoacylglycerols and free fatty acids in the intestinal lumen (Yang et al., 2014). The
lipase enzyme inhibitors from natural products such as polysaccharides, dietary fibers
from wheat bran and cholestyramine, soya proteins and synthetic compounds have
been investigated for their lipase enzyme inhibition. All of these products have a
significant role to decrease dietary fat absorption and help to prevention obesity.

(Seyedan et al., 2015).
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5.2.1 Materials and instruments

- 4-Methylumbelliferyl oleate (4-MUO) (Sigma-Aldrich, USA)
- Pancreatic lipase enzyme (Sigma-Aldrich, USA)

- Sodium citrate (Merck)

- Microplate reader (Wallac1420 Multilevel counter, Victor3,

PerkinElmer)

- Ultrasonic bath (Transsonic 570/H, Elma)

- Vortex mixer (Vortex-Genie2, Scientific Industries)

5.2.2 Determination of lipase enzyme inhibitory activity

The lipase enzyme inhibitory activity was determined by measuring the

release of 4-methylumbelliferone (4-MU) from d-methylumbelliferyl oleate (4-MUO)
(Sergent et al., 2012). In 96-well plate, 25 ul of test sample, 50 pl of 0.25 mM 4MUO
and 25 pl of 0.125 mg/mL pancreatic lipase were mixed and incubated at room
temperature for 30 min. After that, 100 pyL of 0.1 mM sodium citrate were added to
terminate the reaction. Orlistat was used as the positive control. Fluorescence from
the release of 4-MU was measured by using a microplate reader with excitation and
emission wavelengths of 355 and 460 nm, respectively. The percentage of lipase

enzyme inhibitory activity was calculated by the following formula:
% lipase enzyme inhibitory activity = [(Acontrot - Asampte) / Acontrod X 100

Where Ao and Agmple are the absorbance. The experiment was performed in
triplicate. 209%DMSO was used as a negative control. Orlistat was used as a positive

control and treated under the same condition as the sample.
The enzyme kinetics was performed by analyzing the double reciprocal

Lineweaver-Burk plot. The experiment was examined by varying the concentration of
4-MUO (0.0625, 0.125, 0.25, 0.5, 1.0 mM) in the absence and presence of different test

sample concentrations (40 and 80 uM) and the reaction were allowed to react at room
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temperature for 5, 10, 15, 20, 25 and 30 min. Data were displayed as mean + SD. The

statistical analysis was done by student’s t test (Sun et al., 2014).
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CHAPTER IV
RESULTS AND DISCUSSION

In this study, the dried and powdered whole plants of Dendrobium formosum
(2.0 kg) were macerated with methanol. The methanol extract was concentrated under
reduced pressure to give 115 g. This methanol extract exhibited approximately 95.60%
and 98.97% inhibition of a-glucosidase and lipase inhibitory activities at a
concentration of 100 pg/mL. It was further partitioned with EtOAc, Aqueous and n-
butanol. The EtOAc extract showed the most potent al-glucosidase and lipase
inhibitory activities with approximately 96.31% and 83.94% inhibition, respectively. The
EtOAc extract was further separated using several chromatographic techniques to give
12 compounds including two phenanthrenes (DFM-1 and DFM-5) together with five
dihydrophenanthrene  (DFM-2, DFM-3, DFM-6, DFM-7 and DFM-10), a
dihydrophenanthrenequinone (DFM-12), three bibenzyls compounds (DFM-4, DFM-9
and DFM-11) and a phenylpropanoid derivative (DFM-8). The structures of these
compounds were determined by spectroscopic techniques, including MS and NMR.

They were also investigated for their ot-glucosidase and lipase inhibitory activities.

1. Structure determination of isolated compounds
1.1 Structure determination of compound DFM-1

Compound DFM-1 was obtained as a yellow amorphous solid. The HR-ESI-MS
spectrum (Figure 6) showed a pseudomolecular ion [M-H] at m/z 299.0919 (calcd. for

Ci7H1505; 299.0919), suggesting the molecular formula C;7H;¢0s.

The "H-NMR spectrum (Figure 7 and Table 5) indicated the presence of ortho-
coupled aromatic protons at Oy 7.60 (1H, d, J=9.0 Hz, H-10) and 7.90 (1H, d, J=9.0 Hz,
H-9) and two aromatic carbons at O 119.4 (C-9) and 126.8 (C-10).
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In addition, the *H-NMR spectrum, in the aromatic region of ring A, showed two
doublet proton signals at 8H 9.14 (1H, d, J=9.3 Hz, H-5) and SH 7.25 (1H, d, J=9.3 Hz,
H-6). For ring B, the 'H-NMR spectrum showed one singlet proton at Oy 7.18 (s, H-1).
The H-NMR spectrum also exhibited signals for three methoxyls at 8H 3.94 (s, 8-OMe),

Oy, 3.98 (s, 4-OMe) and &, 4.10 (s, 3-OMe).

The C-NMR spectrum (Figure 8 and Table 5) and HSQC (Figure 9) spectral

data displayed seventeen carbon signals, including three signals for three methoxyl

groups at SC 59.2, 60.4 and 60.5. The other fourteen carbon signals of DFM-1 could be
differentiated into five methine carbon signals at 108.9 (C-1), 117.3 (C-6), 119.4 (C-9),
123.1 (C-5) and 126.8 (C-10) and nine quaternary carbon signals at 118.4 (C-4a), 124.3
(C-4b), 127.1 (C-8a), 129.3 (C-10a), 141.5 (C-8), 142.1 (C-3), 146.4 (C-7), 149.2 (C-2) and
151.5 (C-4).

The HMBC correlations (Figure 10) from 3-OCH; to C-3, 4-OCH5 to C-4, 8-OCHj;
to C-8 supported the position of the methoxyls assigned to C-3, C-4 and C-8,

respectively.

In the NOESY spectrum (Figure 11), the methoxy protons at Oy 3.94 (8-OCHs)
and 3.98 (4-OCHjs) revealed a correlation peak with H-9 and H-5, respectively, confirmed
the location of the methoxyls at C-8 and C-4. Another methoxyl was attached at C-3,
as supported by the HMBC correlations of C-3 to 3-OCHs; and H-1.

Based on the above data and through comparison of its *H, ?C-NMR and MS
with previously reported data (Majumder and Kar, 1987), DFM-1 was identified as
confusarin [75]. The first report of confusarin [75] in family Orchidaceae has been from
Eria confusa (Majumder and Kar, 1987). Moreover, this compound also has been found
in other Dendrobium species such as D. chryseum (Ma et al., 1998), D. chrysotoxum

(Hu et al., 2012) and D. nobile (Zhang et al., 2008b).



Table 5 NMR spectral data of compound DFM-1 (in acetone-dg) and confusarin (in

MeO

Confusarin [75]
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CDCls)
Position Compound DFM-1 Confusarin®
SH (mult., J in Hz) SC 8H (mult., J in Hz) SC
1 7.18 (s) 108.9 7.11(s) 107.6
2 - 149.2 - 147.1
3 - 142.1 - 140.4
4 - 151.5 - 150.2
da - 118.4 - 118.5
ab - 124.3 - 124.3
5 9.14 (d, 9.3) 123.1 9.12 (d, 10.0) 123.4
6 7.25 (d, 9.3) 117.3 7.22 (d, 10.0) 116.6
7 - 146.4 - 144.9
8 - 141.5 - 140.4
8a - 127.1 - 125.7
9 7.90 (d, 9.0) 119.4 7.79 (d, 10.0) 118.8
10 7.60 (d, 9.0) 126.8 7.51 (d, 10.0) 126.8
10a - 129.3 - 128.7
3-OMe 4.01 (s) 60.4 4.03 (s) 60.7
4-OMe 3.98 (s) 59.2 3.89 (s) 59.2
8-OMe 3.94 (s) 60.5 3.89 (s) 61.4

*(Majumder and Kar, 1987)
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1.2 Structure determination of compound DFM-2

Compound DFM-2 was obtained as a yellow amorphous solid. The HR-ESI-MS
spectrum (Figure 12) showed a sodium-adduct molecular ion [M+Na]" at m/z 265.0847

(calcd. for Cy5H1405Na; 265.0840), suggesting the molecular formula Ci5H;405.

The appearance of methylene protons at Oy, 2.67 (2H, br s, H-9) and Oy 2.67

(2H, br s, H-10), which showed HSQC correlations (Figure 15) to carbon atoms at 8c
30.7 (C9) and 312 (C-10), respectively, two methylene indicated a
dihydrophenanthrene skeleton (Fisch et al., 1973). Additionally the 'H-NMR data

(Figure 13 and Table 6) of ring A showed proton signals at Oy 6.87 (1H, br d, J=7.8 Hz,
H-8), SH 6.92 (1H, br d, J=7.8 Hz, H-6) and SH 7.10 (1H, t, J=7.8 Hz, H-7). For ring B, the
'H-NMR spectrum showed two protons at 0., 6.53 (1H, d, J=2.4 Hz, H-1) and Oy 6.49

(1H, d, J=2.4 Hz, H-3). The H-NMR spectrum also showed methoxyl group at 6H 3.80
(1H, s, 4-MeO). This methoxyl group was placed at C-4 from its NOESY cross peak with
H-3 (Figure 16).

The C-NMR (Figure 14 and Table 6) and HSQC (Figure 15) spectra of DFM-2
revealed the presence of one methoxyl at Oc 54.6, two methylenes at Oc 30.7 (C-9)
and 31.2 (C-10), five methines at O 101.3 (C-3), 106.3 (C-1), 116.1 (C-6), 119.7 (C-8) and
127.1 (C-7) and seven quaternary carbons at BC 113.9 (C-4b), 121.2 (C-4a), 140.8 (C-8a),

142.5 (C-10a), 152.2 (C-4), 154.4 (C-5) and 159.7 (C-2).

Based on the above mentioned spectroscopic properties, compound DFM-2
was identified as hircinol [107], which was previously isolated from D. draconis

(Sritularak et al., 2011a) and D. aphyllum (Yang et al., 2015).
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Hircinol [107]

Table 6 NMR spectral data of compound DFM-2 (in acetone-dg) and hircinol (in
CDCLy)

Compound DFM-2 Hircinol®
Position
Oy (mult,, J in Hz) S Oy (mult,, J in H2) 3.

1 6.53 (d, 2.4) 106.3 6.51 (s) 109.9
2 - 159.7 - 158.4
3 6.49 (d, 2.4) 101.3 6.51 (s) 100.0
4 - 152.2 - 154.6
da - L2171 - 128.7
ab - 113.9 - 114.7
5 - 154.4 - 156.3
6 6.92 (brd, 7.8) 116.1 118.2
7 7.10 (t, 7.8) 127.1 6.77-7.32 (m) 128.1
8 6.87 (brd, 7.8) 119.7 120.0
8a - 140.8 - 141.3
9 2.67 (brs) 30.7 2.64 (br s) 31.6
10 2.67 (brs) 31.2 2.64 (brs) 31.8
10a - 142.5 - 144.1
4-OMe 3.80 (s) 54.6 3.89 (s) 57.3

Fisch et al., 1973)
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1.3 Structure determination of compound DFM-3

Compound DFM-3 was isolated as a yellow amorphous solid. The HR-ESI-MS
spectrum (Figure 17) showed a sodium-adduct molecular ion [M+Na]" m/zat 295.0949

(calcd. for Ci4H1404Na; 295.0946). Its molecular formula was determined as CygHq404.

The 'H-NMR spectrum of compound DFM-3 (Figure 18 and Table 7) exhibited
two methoxyl groups at 6H 3.72 (1H, s, 4-MeO) and 3.86 (1H, s, 3-MeO). In addition, *H-

NMR signals were observed for two methylene protons at Oy, 2.64 (2H, s, H,-9) and 2.64
(2H, s, H,-10). Compound DFM-3 had a dihydrophenanthrene structure similar to DFM-
2. On ring A, the 'H-NMR spectrum showed three proton signals at O, 6.72 (1H, br s, H-
8), 6.75 (1H, br d, J=7.8 Hz, H-6) and 8.08 (1H, d, J=7.8 Hz, H-5). For ring B, the 'H-NMR
spectrum showed one proton at 0., 6.58, assignable to H-1 (1H, s) based on its HMBC

correlation with C-10.

The *C-NMR (Figure 19 and Table 7) and DEPT 135 (Figure 20) spectra showed
signals of 4 aromatic methines at Oc 111.0 (C-1), 113.2 (C-6), 114.4 (C-8) and 128.2 (C-
5), 8 aromatic quaternary carbons at 8(; 119.7 (C-4a), 124.4 (C-4b), 134.2 (C-10a), 139.3
(C-8a), 139.9 (C-3), 148.8 (C-2), 151.2 (C-4) and 155.7 ppm (C-7), two methoxyls at Oc
59.3 and 60.1) ppm. The locations of the two methoxyls were determined by HMBC
(Figure 21) and NOESY experiments (Figure 22). The first methoxyl (O, 3.72) was
located at C-4 according to its NOESY correlation peak with H-5. The second methoxyl
(O 3.68) was placed at C-3 based on the HMBC correlations of C-3 with 3-OMe and
H-1.

On the basis of the 'H- and *C-NMR evidence, coumpound DFM-3 was
determined to be erianthridin [105]. This compound has earlier been isolated from D.

nobile (Hwang et al., 2010).
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Erianthridin [105]

Table 7 NMR spectral data of compound DFM-3 (in acetone-dg) and erianthridin (in

CD50D)
Position Compound DFM-3 Erianthridin®
O, (mult., J in Hz) O O, (mult., J in Hz) Oc
1 6.58 (s) 111.0 6.56 (s) 118.8
2 ] 1488 - 149.6
3 - 139.9 - 140.1
4 - 151.2 - 152.1
da - 119.7 - 120.6
ab ; 124.4 ; 125.4
5 8.08 (d, 7.8) 128.2 8.08 (d, 9.2) 129.1
6 6.75 (brd, 7.8) 113.2 6.68-6.79 (m) 114.1
7 - 155.7 - 156.6
8 6.72 (brs) 114.4 6.68-6.79 (m) 1153
8a - 139.3 - 135.1
9 2.64 (s) 29.8 2.63 (s) *
10 2.64 (s) 29.9 2.63 (s) *
10a - 134.2 - 129.1
3-OMe 3.86 (s) 60.1 3.85 (s) 61.2
4-OMe 3.72(s) 59.3 371 (s) 61.0

*(Shimizu et al., 1988)  * = Not report
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1.4 Structure determination of compound DFM-4

Compound DFM-4 was obtained as a brown amorphous solid. The HR-ESI-MS
of this compound (Figure 23) showed an [M+Na]" peak at m/z 297.1111 (calcd. for
CisH1804Na; 297.1103), suggesting the molecular formula Cy4H;50,.

The 'H-NMR spectrum of compound DFM-4 (Figure 24 and Table 8) revealed
a pair of methylene proton signals at Oy 2.80 (4H, m, H,-OL, H,-Ol") and the C-NMR
spectrum (Figure 25) showed two methylene carbons at 38.2 (C-0L) and 37.1 (C-Q”),
suggesting that compound DFM-4 was a bibenzyl derivative. The 'H-NMR spectrum also
showed two methoxy protons at 6H 3.71 (3H, s, 3-MeO) and 3.79 (3H, s, 3'-MeO). In
addition, the 'H-NMR spectrum exhibited signals for six aromatic protons at O, 6.28
(1H, t, J=2.0 Hz, H-4), 6.32 (1H, br t, J=2.0 Hz, H-2), 6.35 (1H, br t, J/=2.0 Hz, H-6), 6.67
(1H, dd, J=8.1, 1.5 Hz, H-6"), 6.75 (1H, d, J=8.1 Hz, H-5") and 6.80 (1H, d, J=1.5 Hz, H-2").

The NOESY spectrum (Figure 26) showed correlations of 3-OMe with H-2 and
H-4, and 3'-OMe with H-2". Thus, the two methoxyl groups were placed at C-3 and C-

3" respectively.

From »C-NMR data (Figure 25 and Table 8), sixteen carbon signals were
observed, including two methoxyls, two methylenes, six aromatic methines and six

aromatic quaternary carbons.

From the above data, and through comparison of its 'H-NMR and "C-NMR
spectra with the previously reported data (Chen et al., 2008a), compound DFM-4 was
identified as gigantol [28]. This compound is a bibenzyl frequently found in
Dendrobium spp., such as D. chrysanthum (Yang et al., 2006b), D. aurantiacum var.
denneanum (Liu et al,, 2009a), D. loddigesii (Ito et al., 2010), D. brymerianum
(Klongkumnuankarn et al., 2015) and D. venustum (Sukphan et al., 2014).



Gigantol [28]

Table 8 NMR spectral data of compound DFM-4 and gigantol (in acetone-dy)
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Compound DFM-4 Gigantol®
Position
SH (mult., J in Hz) SC 8H (mult., J in Hz) Sc

1 - 144.4 - 145.4
2 6.32 (br t, 2.0) 108.1 6.22 (t, 2.0) 108.8
3 - 160.9 - 159.1
il 6.28 (t, 2.0) 98.9 6.30 (dd, 2.0, 2.0) 99.6
5 - 160.9 - 161.7
6 6.35 (br t, 2.0) 105.5 6.30 (t, 2.0) 106.2
a 2.80 (m) 38.2 2.79 (m) 39.0
o 2.80 (m) 37.1 2.78 (m) 37.9
1 = 133.3 - 134.0
2! 6.80 (d, 1.5) 114.7 6.80 (d, 2.0) 115.4
3! - 147.2 - 147.9
q' - 144.6 - 145.1
5' 6.75 (d, 8.1) 112.1 6.74 (d, 8.0) 112.8
6' 6.67 (dd, 8.1, 1.5) 120.8 6.66 (dd, 8.0, 2.0) 121.5

3"-OMe 3.79 (s) 55.3 3.82 (s) 55.2

3-OMe 3.71(s) 54.5 3.73 (s) 54.3

*(Klongkumnuankarn et al., 2015)
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1.5 Structure determination of compound DFM-5

Compound DFM-5 was isolated as a yellow amorphous solid. Its HR-ESI-MS
(Figure 27) showed a sodium-adduct molecular ion [M+Na]" at m/z 293.0793 (calcd.
for Ci6H1404Na; 293.0790), suggesting the molecular formula CigH140s.

The 'H-NMR data (Figure 28 and Table 9) of DFM-5 showed signals similar to

those of DFM-1, except for the absence of the methoxy at position 8. The 'H-NMR
spectrum displayed signals for a pair of cis olefinic protons at Oy 7.49 (1H, d, J=9.0 Hz,
H-10) and 7.53 (1H, d, J=9.0 Hz, H-9). In the aromatic region of ring A, the H-NMR
spectrum exhibited an ABM spin system at SH 7.20 (1H, dd, J=9.0, 2.4 Hz, H-6), 7.25
(1H, d, J=2.4 Hz, H-8) and 8H 9.33 (1H, d, J=9.0 Hz, H-5). For ring B, the 'H-NMR spectrum
showed one singlet signal at 0., 7.16 (s, H-1). Furthermore, the 'H-NMR spectrum also
revealed the presence of two methoxyls at 3.98 and 4.01. The locations of the two
methoxyls were deduced by HMBC and NOESY experiments (Figure 30 and Figure 31).
The first methoxy at 0,,4.01 was placed at C-3 according to the HMBC correlations of
C-3 with H-1 and 3-OMe. The second methoxy at 0., 3.98 was located at C-4 based on
its NOESY cross-peak with H-5.

The C-NMR spectrum (Figure 29 and Table 9) displayed sixteen carbon
signals, including two signals for two methoxyl groups at Oc 59.2 and 60.3. The other
fourteen carbon signals of DFM-5 could be differentiated into six methine carbon
signals at SC 108.8 (C-1), 111.6 (C-8), 116.7 (C-6), 126.1 (C-9), 126.7 (C-10) and 128.0 (C-
5) and eight quaternary carbon signals at 118.3 (C-4a), 124.3 (C-4b), 129.4 (C-10a), 133.4
(C-8a), 141.9 (C-3), 149.0 (C-2), 151.3 (C-4) and 154.9 (C-7).

On the basis of the 'H- and >C-NMR data, compound DFM-5 was identified as
nudol [121], which was previously reported from D. nobile (Yang et al., 2007) and D.
rotundatum (Majumder and Pal, 1992).
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Nudol [121]

Table 9 NMR spectral data of compound DFM-5 and nudol (in acetone-dy)

Compound DFM-5 Nudol®

Position O, (mult., J in Hz) dc O, (mult., J in Hz) Oc
1 7.16 (s) 108.8 7.15(s) 108.9
2 - 149.0 - 149.0
3 - 141.9 - 142.0
4 - 151.3 - 151.3
da - 118.3 - 118.3
4b - 1234 - 123.5
5 9.33(d, 9.0) 128.0 9.33(d, 9.2) 128.0
6 7.20 (dd, 9.0, 2.4) 116.7 7.19(dd, 9.2, 2.8) 116.7
7 - 154.9 - 155.0
8 7.25(d, 2.4) 111.6 7.24 (d, 2.8) 111.6
8a - 133.7 - 133.7
9 7.53 (d, 9.0) 126.1 7.53 (d, 8.9) 126.2
10 7.49 (d, 9.0) 126.7 7.50 (d, 8.9) 126.8
10a - 129.4 - 129.4
3-OMe 4.01 (s) 60.3 - 60.4
4-OMe 3.98 (s) 59.2 - 59.2

%Chen et al., 2015)
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1.6 Structure determination of compound DFM-6

Compound DFM-6 was obtained as a brown amorphous solid. Its HR-ESI-MS
(Figure 32) showed a sodium-adduct molecular ion [M+Na]" at m/z 265.0847 (calcd.
for Cy5H1403Na; 265.0841), suggesting the molecular formula Ci5H140s5.

The 'H-NMR spectrum (Figure 33 and Table 10), showed signals of aliphatic
protons at Oy 2.67 (m, Hy9, H,-10), suggesting a dihydrophenanthrene nucleus. The
'H-NMR also exhibited signals of five aromatic protons at SH 6.37 (d, J=2.4 Hz, H-1),
6.44 (d, J=2.4 Hz, H-3), 6.69 (br d, J=9.3 Hz, H-6), 6.71 (br s, H-8), and 8.23 (d, J=9.3 Hz,

H-5) and one methoxy group at Oy 3.74 (s, 2-OMe).

The >C-NMR (Figure 34 and Table 10) and HSQC (Figure 35) spectra displayed
15 signals, consisting of one methoxy carbon at Oc 54.4, two methylene carbons at O¢
29.8 and 30.6, five methine carbons (SC 100.7, 105.0, 112.6, 114.1 and 129.0) and seven

quaternary carbons (SC 114.9, 125.0, 138.9, 140.5, 155.1, 155.2 and 158.4).

In the NOESY spectrum (Figure 36), the methoxy proton at O, 3.74 showed
correlation peaks with H-1 and H-3 supporting the substitution of this methoxyl at
C-2.

From the data mentioned above, compound DFM-6 was identified as
lusianthridin [99] which was isolated earlier from D. brymerianum (Klongkumnuankarn

et al., 2015) and D. venustum (Sukphan et al., 2014).

Lusianthridin [99]



Table 10 NMR spectral data of compound DFM-6 and lusianthridin (in acetone-d)
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Position Compound DFM-6 Lusianthridin®
., (mult., J in Hz) O 8., (mult., J in Hz) O

1 6.37 (d, 2.4) 105.0 6.37 (d, 2.6) 106.0
2 - 158.4 - 159.3
3 6.44 (d, 2.4) 100.7 6.44 (d, 2.6) 101.6
4 - 155.1 - 155.9
4a - 114.9 - 115.9
4b - 125.0 - 125.9
5 8.23 (d, 9.3) 129.0 8.22(d, 7.5) 129.9
6 6.69 (br d, 9.3) 112.6 6.68 (dd, 7.5, 2.7) 113.5
7 - 155.2 - 156.1
8 6.71 (brs) 114.1 6.69 (M) 115.0
8a - 138.9 - 139.8
9 2.67(m) 29.8 2.67 (m) 30.8
10 2.67(m) 30.6 2.67 (m) 31.5
10a - 140.5 - 141.4
2-OMe 3,74 (s) 54.4 3.74 (s) 553

%Guo et al., 2007)
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1.7 Structure determination of compound DFM-7

Compound DFM-7 was isolated as a brown amorphous solid. Its HR-ESI-MS
(Figure 37) showed a sodium-adduct molecular ion [M+Na]™ at m/z 265.0845 (calcd.
for Cy5H1403Na; 265.0841), suggesting the molecular formula Ci5H140s5.

Comparison of the 'H-NMR data of DFM-7 with DFM-6, revealed their structural

similarity, excepted for the location of a methoxyl.

The 'H-NMR spectrum (Figure 38 and Table 11) showed signals for four

methylene protons at Oy, 2.65 (s, Hy9 and H,-10), five methine protons at O, 6.39 (d,
J=2.4 Hz, H-1), 6.46 (d, J=2.4 Hz, H-3), 6.67 (br d, J=2.7 Hz, H-6), 6.70 (br s, H-8), and
8.06 (d, J=9.0 Hz, H-5) and one methoxy group at 5H 3.84 (s, 4-MeOQ).

The C-NMR spectrum (Figure 39 and Table 11) showed 15 carbons,
corresponding to one methoxy carbon (Oc 54.8), two methylene carbons (O 29.9 and
30.5), five methine groups (8C 98.3, 107.3, 112.6, 114.1 and 129.0) and seven

quaternary carbons (SC 115.4,124.8, 139.1, 140.4, 155.1, 156.4 and 157.8).

In the NOESY spectrum (Figure 41), the methoxy protons at 0 3.84 displayed
a NOESY interaction with the proton signal at Oy 6.46 (s, H-3) suggested the placement
of a methoxyl at C-4. The HMBC spectrum (Figure 40) confirmed the proposed
structure of DFM-7, demonstrating correlations from the signal of H-3 to C-2, C-4a from

H-8 to C-4b, C-6, C-7 and C-9; from H-9 to C-db, C-8.

On the basis of the 'H- and *C-NMR data, compound DFM-7 was identified as

coelonin [92]. Coelonin [92] is a dihydrophenanthrene which was previously reported

from D. aphyllum (Chen et al., 2008a) and D. nobile (Yang et al., 2007).

MeO

Coelonin [92]



Table 11 NMR spectral data of compound DFM-7 (in acetone-ds) and coelonin (in

CD50D)
Position Compound DFM-7 Coelonin®
8., (mult., J in Hz) O 8., (mult., J in Hz) O
1 6.39 (d, 2.4) 107.3 6.26 (d, 2.5) 104.8
2 - 156.4 - 155.4
3 6.46 (d, 2.4) 98.3 6.30 (d, 2.5) 100.1
4 - 157.8 - 158.3
da - 115.4 - 114.8
4b - 124.8 - 125.2
5 8.06 (d, 9.0) 129.0 8.13(d, 8.4) 128.6
6 6.67 (brd, 2.7) 112.6 6.62 (dd, 8.3, 2.7) 112.2
7 - 155.1 - 154.8
8 6.70 (brs) 114.1 6.61 (d, 2.6) 113.8
8a - 139.1 - 139.8
9 2.65 (s) 29.9 2.59 (s) 30.1
10 2.65 (s) 30.5 2.59 (s) 30.8
10a - 140.4 - 138.7
4-OMe 3.84 (s) 54.8 3.67 (s) 54.2

*(Rueda et al., 2014)
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1.8 Structure determination of compound DFM-8

Compound DFM-8 was obtained as a yellow amorphous powder. Its HR-ESI-MS
(Figure 42) showed a sodium-adduct molecular ion [M+Na]™ at m/z 353.1368 (calcd.

for Cy9H,,05Na; 353.1365), suggesting the molecular formula CigH»,Os.

The 'H-NMR spectrum (Figure 43 and Table 12), exhibited five methylene
protons at Oy 1.88 (m, H-8"), 2.60 (t, J=7.5 Hz, H-8), 2.60 (t, J=7.5 Hz, H-7'), 2.83 (t, J=7.5
Hz, H-7) and 4.04 (t, J=7.5 Hz, H-9") and seven aromatic protons at SH 6.63 (br d, J=8.1
Hz, H-6"), 6.73 (br d, J=8.1 Hz, H-5"), 6.76 (2H, d, J=8.1 Hz, H-3, H-5), 6.81 (br s, H-2"),

7.07 (2H, d, J=8.1 Hz, H-2, H-6) and one methoxy group at SH 3.83 (s, 3'-OMe).

The »C-NMR (Figure 44 and Table 12) and DEPT 135 (Figure 45) spectra
showed nineteen signals, corresponding to five aliphatic methylene carbons at 0 29.9
(C-7), 30.5 (C-8"), 31.4 (C-7'), 35.9 (C-8) and 63.2 (C-9"); seven aromatic CH carbons at
Oc 111.9 (C-2"), 114.8 (C-8"), 115.2 (C-3), 115.2 (C-4), 120.7 (C-5"), 129.2 (C-2) and 129.2
(C-6); five aromatic quaternary carbons at SC 131.5(C-1), 132.7 (C-1"), 144.8 (C-4"), 147.4
(C-3"), 155.8 (C-4), one methoxy carbon at SC 55.3 (3'-OMe) and one carboxylic carbon
at Oc 172.3 (C-9). The NOESY spectrum (Figure 47) displayed correlations from the
methoxyl group at O, 3.83 to H-2' suggesting the location of a methoxyl at C-3". Key
HMBC correlations (Figure 46) were observed from C-9 to H-7 and H-9"; from C-1 to H-
3, H-5, H-7, and from C-1"to H-5"and H-8'.

Based on the above spectral evidence, compound DFM-8 was identified as

dihydroconiferyl dihydro-p-coumarate [231]. This compound has been previously
isolated from D. nobile (Zhang et al., 2006a).

Dihydroconiferyl dihydro-p-coumarate [231]



Table 12 NMR spectral data of compound DFM-8 (in acetone-ds) and
dihydroconiferyl dihydro-p-coumarate (in CDCls)
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Position Compound DFM-8 Dihydroconiferyl dihydro-p-
coumarate®
O, (mult., J in Hz) O. O, (mult., J in Hz) O
1 - 131.5 - 132.7
2 7.07 (d, 8.1) 129.2 7.06 (d, 8.4) 129.4
3 6.76 (d, 8.1) 115.2 6.74 (d, 8.4) 115.3
4 - 155.8 - 154.0
5 6.76 (d, 8.1) 115.2 6.74 (d, 8.4) 1153
6 7.07(d, 8.1) 129.2 7.06 (d, 8.4) 129.4
7 2.83(t, 7.5) 29.9 2.88 (t, 7.6) 30.2
8 2.60 (t, 7.5) 359 2.59 (t, 7.6) 36.2
9 - 172.3 - 173.1
1! - 132.7 - 133.1
2! 6.81 (brs) I§HIRS) 6.65 (brs) 111.0
3/ - 147.4 - 146.4
o . 144.8 - 143.8
5’ 6.73 (d, 8.1) 114.8 6.82 (d, 8.6) 114.3
¢ 6.63 (br d, 8.1) 120.7 6.64 (dd, 8.8, 1.8) 121.0
7' 2.60 (t, 7.5) 31.4 2.56 (t, 7.4) 31.8
g’ 1.88 (m) 30.5 1.89 (m) 30.5
9of 4.04 (t, 7.5) 63.2 4.08 (t, 6.5) 63.8
3" OMe 3.83 (s) 55.3 3.87 (s) 55.9

%Zhang et al., 2006a)
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1.9 Structure determination of compound DFM-9

Compound DFM-9 was obtained as a brown amorphous solid. Its HR-ESI-MS
(Figure 48) showed a sodium-adduct molecular ion [M+Na]" at m/z 267.0955 (calcd.

for Cy5H160sNa; 267.0957), suggesting the molecular formula Ci5H;40s5.
The 'H-NMR spectrum (Figure 49 and Table 13) of compound DFM-9 showed

two pairs of methylene proton signals at Oy 2.80 (4H, s, H,-OL, H,-0L") and the *C-NMR

spectrum showed two methylene carbons at O 37.4 (C-OU) and 37.7 (C-0L) which was
showed a close resemblance to those of DFM-4, a bibenzyl derivative. In addition, the
'H-NMR spectrum exhibited signals for seven aromatic protons at Oy 6.25 (1H, t, J=2.1
Hz, H-4), 6.33 (1H, br t, J=2.1 Hz, H-2), 6.34 (1H, br t, J=2.1 Hz, H-6), 6.65 (1H, dd, J=7.8,
2.1 Hz, H-4"), 6.70 (1H, br d, J=7.8 Hz, H-6"), 6.73 (1H, br s, H-2') and 7.09 (1H, t, J=7.8

Hz, H-5") and a methoxy proton signal at 3.72 (3H, s, 3-OMe).

The C-NMR data (Figure 50 and Table 13) showed fifteen carbon signals,
including one methoxyl carbons at Oc 54.4, two methylene carbons at Oc 37.4 and
37.7, seven methine carbons at SC 98.9 (C-4), 105.4 (C-2), 107.9 (C-6), 112.7 (C-4"), 115.3
(Cc-2"), 119.5 (C-6") and 129.2 (C-5"), and five quaternary carbons at Oc 143.5 (C-1"),

144.2 (C-1), 157.4 (C-3"), 158.4 (C-5) and 161.0 (C-3). The methoxyl group was located
at C-3 due to its NOESY correlations with H-2 and H-4 (Figure 51).

Through comparison of 'H, >C-NMR and MS properties of this compound with
previously reported data (Sachdev and Kulshreshtha, 1986), compound DFM-9 was
identified as batatasin Ill [16]. Batatasin Ill [16] is a bibenzyl frequently found in
Dendrobium species, for example, D. aphyllum (Yang et al., 2015), D. chrysotoxum (Li
et al., 2009¢), D. draconis (Sritularak et al., 2011a) and D. venustum (Sukphan et al.,
2014).



Batatasin Il [16]

Table 13 NMR spectral data of compound DFM-9 (in acetone-dg) and batatasin |lI
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(in CDCl,)
Position Compound DFM-9 Batatasin III°
O, (mult., J in Hz) dc O, (mult., J in Hz) O

1 - 144.2 - 144.4
2 6.33 (brt, 2.1) 105.4 6.29 (dd, 1.4, 1.4) 106.9
3 - 161.0 - 160.7
4 6.25 (t, 2.1) 98.9 6.37 (dd, 1.4, 1.4) 99.3
5 - 158.4 - 156.4
6 6.34 (brt, 2.1) 107.9 6.34 (dd, 1.4, 1.4) 108.2
o 2.80 (s) 37.7 2.83 (m) 36.9
o’ 2.80 (s) 374 2.83 (m) 37.3
1! - 143.5 - 143.4
2! 6.73 (brs) 1153 6.64 (dd, 2.4, 2.4) 115.4
3/ - 157.4 - 155.4
q' 6.65 (dd, 7.8, 2.1) 112.7 6.67 (dd, 8, 2.4) 112.9
5! 7.09 (¢, 7.8) 129.2 7.12 (dd, 8, 8) 129.3
6 6.70 (br d, 7.8) 119.5 6.74 (d, 8) 120.8

3-OMe 3.72(s) 54.4 3,73 (s) 55.2

¥Chen et al., 2008a)
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1.10 Structure determination of compound DFM-10

Compound DFM-10 was obtained as a brown amorphous solid. Its HR-ESI-MS
(Figure 52) showed a sodium-adduct molecular ion [M+Na]™ at m/z 281.0791 (calcd.
for Cy5H1404Na; 281.0790), suggesting the molecular formula Ci5H140q.

The 'H-NMR spectrum (Figure 53 and Table 14) of DFM-10 showed a close
resemblance to compound DFM-2, except for the presence of an additional hydroxyl

at position 7. The 'H-NMR spectrum of this compound exhibited two pairs of
methylene groups at Oy, 2.60 (M, H,-9, H,-10) and the *C-NMR showed two methylene
carbon signals (Oc 31.1 and 31.2), confirming the dihydrophenanthrene nucleus.

Moreover, signals of four aromatic protons at SH 6.34 (d, J=2.4 Hz, H-6), 6.37 (d, J=2.4
Hz, H-8), 6.55 (d, J=2.1 Hz, H-1) and 6.59 (d, J=2.1 Hz, H-3) and one methoxy groups at

8H 3.96 (s, 4-OMe) were observed.

The *C-NMR spectrum (Figure 54 and Table 14) displayed 15 carbon signals,
corresponding to four methine carbons (5(; 99.2, 103.8, 107.3 and 109.1), eight
quaternary carbons (8(; 112.7, 114.3, 141.6, 142.5, 154.7, 155.1, 156.8 and 157.0), one

methoxy carbon (O¢ 56.5) and two methylene carbons (O¢ 31.1 and 31.2).

On the basis of the 'H and *C-NMR data, compound DFM-10 was identified as
2,5,7-trihydroxy-4-methoxy-9,10-dihydrophenanthrene [111] which was previously

isolated from D. longicornu (Hu et al., 2008a)

2,5,7-Trihydroxy-4-methoxy-9,10-dihydrophenanthrene [111]
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Table 14 NMR spectral data of compound DFM-10 and 2,5,7-trihydroxy-4-methoxy-
9,10-dihydrophenanthrene (in acetone-dg)

Position Compound DFM-10 2,5,7-Trihydroxy-4-methoxy-9,10-
dihydrophenanthrene®

O, (mult., J in Hz) O O, (mult., J in Hz) O
1 6.55(d, 2.1) 109.1 6.35 (d,2.5) 109.9
2 - 156.8 - 157.6
3 6.59 (d, 2.1) 99.2 6.31(d, 2.5) 100.0
4 - 154.7 - 155.5
4a - 114.3 - 115.1
4b - 112.7 - 113.6
5 155.1 - 155.9
6 6.34 (d, 2.4) 103.8 6.52 (d, 2.3) 104.6
7 - 157.0 - 157.9
8 6.37 (d, 2.4) 107.3 6.57 (d, 2.3) 108.1
8a - 141.6 - 142.4
9 2.60 (m) 31.1 2.56 (m) 31.9
10 2.60 (M) 31.2 2.56 (M) 32.0
10a - 142.5 - 143.3
4-OMe 3.96 (s) 56.5 3.94 (s) 57.3

%(Hu et al., 2008)
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1.11 Structure determination of compound DFM-11

Compound DFM-11 was obtained as a brown amorphous solid. Its HR-ESI-MS
(Figure 55) showed a sodium-adduct molecular ion [M+Na]™ at m/z 327.1219 (calcd.
for Cy7H,00sNa; 327.1208), suggesting the molecular formula Cy7H,0s.

The 'H-NMR spectrum of compound DFM-11 (Figure 56 and Table 15)
exhibited signals of four methylene protons at 5H 2.84 (4H, m, H,-OL, H2—OL'), and also
displayed three methoxy protons at SH 3.85 (6H, s, 3'-OMe) and 3.86 (3H, s, 3-OMe, 5-
OMe) and five aromatic protons at 6H 6.38 (2H, s, H-2, H-6), 6.64 (1H, br s, H-2"), 6.70

(1H, br d, J=7.8 Hz, H-6") and 6.85 (1H, d, J=7.8 Hz, H-5").

In the NOESY spectrum (Figure 58), the methoxyl signal at Oy 3.85 (3'-OMe)
exhibited a cross peak with H-2". Two methoxyl groups at 0, 3.86 (3, 5-OMe) showed
a cross peak with H-2 (H-6) suggesting that the methoxyl groups were located at c-3',
C-3 and C-5, respectively.

The C-NMR spectrum (Figure 57 and Table 15) showed seventeen carbon
signals, including three methoxyls (O 55.9 and 56.3), two methylene carbons (O¢ 37.9
and 38.5), five methines (SC 105.2, 111.3, 114.2 and 121.1) and seven quaternary

carbons at O¢ 132.9 (C-1, C-4), 133.7 (C-1'), 143.8 (C-4"), 146.3 (C-3") and 146.9 (C-3, C-
5).

By comparing 'H, C-NMR and MS data of this compound with previously
published data (Majumder and Sen, 1987), DFM-11 was comfirmed as moscatilin [32].
This compound has been frequently found in Dendrobium plants, such as D.
amoenum (Majumder et al., 1999), D. brymerianum (Klongkumnuankarn et al., 2015),
D. densiflorum (Fan et al., 2001), D. moscatum (Majumder and Sen, 1987) and D.
secundum (Sritularak et al., 2011b).



Moscatilin [32]

Table 15 NMR spectral data of compound DFM-11 and moscatilin (in CDCls)
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Compound DFM-11 Moscatilin®
Position
8, (mult., J in Hz) 8c 8., (mult., J in Hz) O

1 - 1329 - 132.8
2 6.38 (s) 105.2 6.36 (s) 105.2
3 - 146.9 - 146.8
4 - 1329 - 1335
5 - 146.9 - 146.8
6 6.38 (s) 105.2 6.36 (s) 105.2
a 2.84 (m) 385 2.89 (s) 38.3
o’ 2.84 (m) 37.9 2.89 (s) 37.7
1 - 133.7 - 132.8
2' 6.64 (br s) 111.3 6.65 (d, 2.0) 1112
3 - 146.3 - 146.1
4’ - 143.8 - 143.7
5’ 6.85 (d, 7.8) 114.2 6.94 (d, 8.0) 114.1
6 6.70 (br d, 7.8) 121.1 6.75 (dd, 8.0, 2.0) 121.0

3'-OMe 3.85 () 55.9 3.81 (s) 55.8

3,5-OMe 3.86 (s) 56.3 3.81 (s) 56.1

*(Majumder and Sen, 1987)
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1.12 Structure determination of compound DFM-12

Compound DFM-12 was isolated as a red amorphous powder. Its HR-ESI-MS
(Figure 59) showed a sodium-adduct molecular ion [M+Na]" at m/z 279.0642, (calcd.

for Cy5H1,04Na; 279.0633), suggesting the molecular formula Ci5H;,0,.

The presence of two carbonyl carbons at 5(; 184.8 and 5(; 185.1 indicated a
dihydrophenanthrenequinone structure for DFM-12. The 'H-NMR spectrum (Figure 60
and Table 16) exhibited proton signals for a methoxy group at O, 3.72 (1H, s, 5-OMe),
a pair of methylene proton signals at O 2.49 (m, H,-10) and 2.63 (m, H,-9) and four
methines at SH 6.43 (1H, s, J=2.1 Hz, H-8), 6.45 (1H, d, J=2.1 Hz, H-6), 6.72 (1H, d, J=9.9
Hz, H-2), and 6.83 (1H, d, J=9.9 Hz, H-3).

The "C-NMR spectrum (Figure 61 and Table 16) displayed 15 signals, consisting

of one methoxy carbon at SC 55.1, two methylene carbons at SC 19.9 and 29.7, four

methine carbons at 5C 98.5, 107.3, 135.1 and 137.1, eight quaternary carbons at 8(;
111.5, 138.9, 140.8, 142.9, 159.3, 160.7, 184.8 and 185.1. The location of the methoxyl
group was determined by a NOESY experiment (Figure 62). The NOE interaction of the

methoxyl signal at Oy 3.72 with H-6 placed this methoxyl group at C-5.

Through comparison of the 'H- and >C-NMR data with previously reported data,
compound DFM-12 was identified as 5-methoxy-7-hydroxy-9,10-dihydro-1,4-
phenanthrenequinone [89] which was firstly isolated from D. draconis (Sritularak et al.,

2011a).

5-Methoxy-7-hydroxy-9,10-dihydro-1,4-phenanthrenequinone [89]
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Table 16 NMR spectral data of compound DFM-12 (in acetone-dy) and 5-methoxy-7-

hydroxy-9,10-dihydro-1,4-phenanthrenequinone (in CDCls)

Position Compound DFM-12 5-Methoxy-7-hydroxy-9,10-dihydro-

1,4-phenanthrenequinone®
8, (mult., J in Hz) O 8., (mult., J in Hz) O

1 - 184.8 - 185.4
2 6.72 (d, 9.9) 135.1 6.68 (d, 10.0) 135.1
3 6.83 (d, 9.9) 137.1 6.78 (d, 10.0) 137.2
4 - 185.1 - 185.7
43 - 140.8 - 140.9
4b - 111.5 - 112.3
5 - 159.3 - 158.9
6 6.45(d, 2.1) 98.5 6.33 (d, 2.0) 98.6
7 - 160.7 - 158.8
8 6.43 (d, 2.1) 107.3 6.31 (d, 2.0) 107.4
8a - 142.9 - 143.1
9 2.63 (M) 29.7 2.60 (M) 28.5
10 2.49 (m) 19.9 2.55 (m) 20.1
10a - 138.9 - 139.8
5-OMe 3.72(s) 55.1 373 (s) 55.8

¥Sritularak et al., 2011a)
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2. Ol-Glucosidase and lipase inhibitory activities

The MeOH extract of D. formosum was evaluated for Ot-glucosidase and lipase
inhibitory activities, and showed 95.30% and 98.97% inhibition at 100 pg/mL
respectively (Table 17). For EtOAC extract was selected for further study on Ol-
glucosidase and lipase inhibitory activities (Table 18). For pure compounds, each was
first tested at a concentration of 100 pg/mL. An ICs, value was determined if the

compound showed more than 50% inhibition (Table 19).

Table 17 O-Glucosidase and lipase inhibitory activities screening from MeOH extract

Extracts %lInhibition
Ol-Glucosidase (uM) Lipase (uM)
Methanol 95.30 98.97
EtOAC 96.31 83.94
n-Butanol NA 53.73
H,0 NA NA
Positive control 70.55 (Acarbose) 94.24 (Orlistat)

Table 18 Glucosidase and lipase inhibitory activities screening from EtOAc extract

Fractions %lInhibition
Ol-Glucosidase (uM) Lipase (uM)
A 10.47 74.69
B 92.06 82.20
C 98.01 82.96
D 99.63 74.57
E 97.63 67.19
F 80.89 75.72
G 99.85 90.26
H 94.73 69.91
Positive control 70.55 (Acarbose) 94.24 (Orlistat)
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Table 19 ICs; values of compounds DFM-1 to DFM-12 for at-glucosidase and lipase

inhibitory activities

Compounds Ol-Glucosidase (uM) | Lipase (uM)
Confusarin [DFM-1, 75] 189.78 £ 1.11 154.61 £ 8.58
Hircinol [DFM-2, 107] NA NA
Erianthridin [DFM-3, 105] NA NA
Gigantol [DFM-4, 28] NA NA
Nudol [DFM-5, 121] NA NA
Lusianthridin [DFM-6, 99] NA NA
Coelonin [DFM-7, 92] NA NA
Dihydroconiferyl dihydro-p-coumarate NA NA
[DFM-8, 231]
Batatasin Ill [DFM-9, 16] NA NA
2,5,7-Trihydroxy-4-methoxy-9,10- NA NA
dihydrophenanthrene [DFM-10, 111]
Moscatilin [DFM-11, 32] NA NA
5-Methoxy-7-hydroxy-9,10-dihydro-1,4- 126.88 £ 0.66 69.45 + 10.14
phenanthrenequinone [DFM-12, 89]
Acarbose 7459 + 88.4 -
Orlistat - 0.013 £ 0.004

*NA = no inhibitory activity
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As shown in Table 19, twelve pure compounds were evaluated for o-
glucosidase and lipase enzyme inhibitory activities. Confusarin [75] and 5-methoxy-7-
hydroxy-9,10-dihydro-1,4-phenanthrenequinone  [89]  exhibited  O-glucosidase
inhibitory activities (IC5y values 189.78 and 126.88 uM, respectively) compared with
acarbose, the positive control. For lipase enzyme inhibitory activity the two
compounds showed ICs, values of 154.61 and 69.45 uM, respectively, compared with

orlistat, the positive control.

5-Methoxy-7-hydroxy-9,10-dihydro-1,4-phenanthrenequinone  [89]  showed
stronger inhibitory activities than confusarin [75], therefore, 5-methoxy-7-hydroxy-9,10-
dihydro-1,4-phenanthrenequinone [89] was selected for further study on the
mechanisms of enzyme inhibitions. In the enzyme kinetic studies, we used p-
nitrophenyl-at-d-glucopyranoside (pNPG) and 4-methylumbelliferyl oleate (4-MUOQ) as

the substrates for Ol-glucosidase and lipase, respectively.

Kinetics studies of al-glucosidase and lipase inhibition by of 5-methoxy-7-
hydroxy-9,10-dihydro-1,4-phenanthrenequinone [89] were conducted using double
reciprocal Lineweaver-Burk analysis. This analysis plotted the velocity against the
substrate concentration (0.25, 0.5, 1.0, 2.0 and 4.0 mM) with or without two
concentrations of the inhibitor (80 and 160 uM) (Figure 63) for al-slucosidase. For
lipase, we used the substrate concentration (0.125, 0.25, 0.5, 1.0 and 2.0 mM) with or
without two concentration of the inhibitor (40 and 80 uM) (Figure 64). Kinetic constants

for the inhibition of ot-glucosidase and lipase are listed in Table 20.
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Table 20 Kinetic parameters of at-glucosidase and lipase enzymes in the presence of

5-methoxy-7-hydroxy-9,10-dihydro-1,4-phenanthrenequinone

Ol-Glucosidase Lipase
Inhibitor Dose Vmax Km Dose Vmax Km
(M)  (AA405/min)  (mM) (UM) (AA355, (mM)
460/min)
None - 7.10x 10 0.3 - 1.35x 10° 0.4
DFM-12 80 2.70 x 10~ 0.3 40 9.60 x 10" 0.4
160 7.35x 10" 0.3 80 7.60 x 10" 0.4

0-Glucosidase showed the maximum velocity (V.0 value of 7.10 x 107
AAs/min for pNPG hydrolysis, and the Michaelis-Menten constant (K.,) value of 0.3

mM. While lipase showed the V., value of 1.35 x 10° AA355,460/min for an oleate ester
hydrolysis from 4-MUO substrate, and the K, value of 0.4 mM. Figure 63 shows the
Linewaver-Burk plots of 1/V value with different pNPG concentrations of 5-methoxy-7-
hydroxy-9,10-dihydro-1,4-phenanthrenequinone  [89].  5-Methoxy-7-hydroxy-9,10-
dihydro-1,4-phenanthrenequinone [89] was employed at different concentrations (80
and 160 uM). It is interesting to note that when the increase of concentration reduced
the V., Value (2.70 x 107 to 7.35 x 10™*) but did not influence the K., value (0.3 mM)
of the enzyme. Figure 64 displays the Linewaver-Burk plots of 1/V value with different
4-MUO concentrations of 5-methoxy-7-hydroxy-9,10-dihydro-1,4-
phenanthrenequinone [89]. The presence of 5-methoxy-7-hydroxy-9,10-dihydro-1,4-
phenanthrenequinone [89] at different concentration (40 and 80 uM) showed similar
affects with the al-glucosidase inhibition, which decreased the V. value (9.60 x 10°

to 7.60 x 10, but did not change the K,, value (0.4 mM) of the enzyme.
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The results showed that 5-methoxy-7-hydroxy-9,10-dihydro-1,4-
phenanthrenequinone [89] is a non-competitive inhibitor of both ol-glucosidase and
lipase, which implied that the substrate and inhibitor do not compete for the binding

at the active site of enzyme.
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CHAPTER V
CONCLUSION

In this study, from the methanol extract of Dendrobium formosum Roxb. ex
LindL. (Orchidaceae) twelve known compounds were isolated, consisting of confusarin
[75], hircinol [107], erianthridin [105], gigantol [28], nudol [121], lusianthridin [99],
coelonin [92], dihydroconiferyl dihydro-p-coumarate [231], batatasin Il [16], 2,5,7-
trihydroxy-4-methoxy-9,10-dihydrophenanthrene  [111], moscatilin  [32] and 5-
methoxy-7-hydroxy-9,10-dihydro-1,4-phenanthrenequinone  [89]. All of isolated
compounds were investigated for O-glucosidase and lipase inhibitory activities. 5-
methoxy-7-hydroxy-9,10-dihydro-1,4-phenanthrenequinone [89] exhibited significant
activity against both ot-glucosidase and lipase enzymes. Therefore, this compound was
selected for mechanism study of enzyme inhibition. The results suggested that 5-
methoxy-7-hydroxy-9,10-dihydro-1,4-phenanthrenequinone  [89] exhibited non-
competitive type of inhibition for both enzymes. Phytochemical information in this
study should be useful for the chemotaxonomic study of Dendrobium plants. The data
on o-glucosidase and lipase inhibitory activities of the isolated compounds should be

of interest to the natural product research community.
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Figure 17 Mass spectrum of compound DFM-3
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Figure 23 Mass spectrum of compound DFM-4
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Figure 27 Mass spectrum of compound DFM-5
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Figure 32 Mass spectrum of compound DFM-6
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Figure 37 Mass spectrum of compound DFM-7
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Figure 42 Mass spectrum of compound DFM-8
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Mass Spectrum List Report
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Figure 53 'H-NMR (300 MHz) spectrum of compound DFM-10 (in acetone-d)
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Figure 55 Mass spectrum of compound DFM-11
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Figure 59 Mass spectrum of compound DFM-12
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Figure 61 ">)C-NMR (75 MHz) spectrum of compound DFM-12 (in acetone-dj)
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Figure 63 Ol-Glucosidase inhibition at different concentrations of 5-methoxy-7-
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