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CHAPTER I

INTRODUCTION

A larée number of plants in Thailand have been used as traditional medicine for a
long timé. Human has used plants'.'m various ways such as foods, feeds and medicines. In
the past, xnedi'éihal p_l_ahts have been the primary treatment in the health care system. At
present, they also p'l'éy an important role in modemn medicine, because they are available
in modern form, have géod efficiency, inexpensive and believed to possess less side
effect than synthetic drﬁgs.
One Way ‘to'. écreen for the biological activity of medicinal plants is the inhibition
_of enzymes, for example, cyclic AMP phosphodiesterase. The inhibition of cyclic
adenosine mbnophosphate (cAMP) phosphodiesterase results in the increase of
,;iﬁ'{‘racellular levels of cAMP. The cAMP has central role in regulating the function of
airway smooth muscle inflammatory cells and immune cells.[1] In some diseases, the
low level of cAMP is associated with the decreased in the S°nsmv1ty of adenylyl cyclase
« stimulation. The most feasible approach to correct for the cAMP deficiency under these
crcumbtanccs IS the mhxbmon of phosphodiesterase.[2] Examples of these conditions are
hypertenswn [3], SSCI‘GUOH [4], asthma [5], allergic [6], inflammatory disease [7] and
A;\platel\gi aggregation.[8] -

In 1981 Nikaido and co-worker [9] reported the results of screening cAMP
’pl\iosphqdiesteras;‘ inhibitors in medicinal plants. Of 222 samples tested 22 showed
: repmdfﬂcible inhibition. In 1996 Chairungsrilerd and co-worker [10] found that
man‘gostano’l, and @- and y-mangostin showed moderate inhibitory effects on cAMP
~ phosphodiesterase.

In term of natural product research, this thesis is aimed to investigate for the
chemical CGnstitueﬁts of  Croton oblongifolius Roxb. from Amphur Tha-Uthen,
:Vakhqnphanom provin__ce,' and to-test the isolated compounds-for their inhibitory activity

on ¢cAMP pho‘sphodie"s'i.erase__



The purposes of this research

I Extraction, iSolation, and characterization of chemical constituents of stem bark of
e oblongifolius RoxB.
2.___Exémination of the inhibitory activity on. cyclic AMP phosphodiesterase of the
:.crudg ektract from stem bark of C. oblongifolius Roxb. |
=3 Exarﬁination of the inhibitory activity on cyclic AMP phosphodiesterase of the

isolated cbmpounds.



‘CHAPTER II

LITERATURE REVIEWS
2.1 Botanical Dvescription of Croton oblongifolius Roxb.

'Crolon‘dblong;’f@?ius Roxb. is a plant in the Euphorbiaceae family,. in the Croton
' genus, Commonly known as P.lao Yai (Central part); Plao Luang (Northern part) Poh
(Kémphaeng Phet) Khwa-wuu (Kanchanaburi), Saa-kuu-wa (Karen, Mae Hohg Son)..andv
 Haa- -yoeng (Shan, Mae Hong Son).[11] '
The plant isa medium sized dec1duous tree. It is widely distributed throughout
Thailand. The calyx and: ovary are clothed with minute orbicular silvery scales. The
-~ leaves. fall bem;e'en 5-._6—12.0 cm by 13.0-24.0 cm in size. The leaf blade is oblong-
lanceolate shaped. The flowers are pale yellowish green and solitary in the axials of
_minute bracts on I.o.ng erect racemes. The male flowers are located in the upper part of the
l raceme;l and the females in the lower part. The male flowers are slender, and have the
lellgtll of pedice}s:_bf 4.0 mm The calyx i1s more than 6.0 mm long, and segments are
“woolly. The twelve stamens are inflexed in bud, and the length of filaments is 3.0 mm. In
female ﬂowsré, the pediéels are short and stout. Its sepals are more acute than in the male
with densely ci‘iated margins. The diameter of the fruit is less than 1.3 om, slightly 3-
lobed and clothed w1th small orbicular and quite smooth on the back. [12] The pictures of

(i oblonngolzus Rox‘o are shown in Fig. 1.

c: oblOr’igifolius Roxb._ is one of the interesting Thai medicinal plants because it is
believed that all parts of the plants can be used as drugs. Its leaves are used as a tonic,
'a’ﬁd the flowers are used as a teniacide, and the fruits are used to treat dysmenorrhea, The
seeds-are used aé a purgative. The bark is used to treat dyspepsia, and the roots are used
asg-dﬁenteryl“ﬂ Moreover, this plant has been used in combination with C. sublyratus

to treat.gastric ulcers and gastric cancers.[14]



, Figure 1 Croton oblongifolius Roxb.




2.2 Chemical constituents of Crofon oblongifolius Roxb.

The __c__ijferpenoid compounds found in C. oblongifolius Roxb. are presented in

* Table 1 and Figure 2.[13-24]

~Table 1 Chemical constituents of C. oblongifolius Roxb. -

r\”'Plant;pz‘irts. : Chemical compounds Reference

|~ bark | Oblongifoliol [15]
/ 19-deoxyoblongifoliol [16]
| isopimara-7 (8),15-diene-19-oic acid [17]
ent-isopimara-7,15-diene-3-19-diol (18]

| ent_ﬁsbpimaraﬁ,l 5-diene-3 f-ol (18]
fz_,_nt-isopiinaraﬂ,l 5-diene (19}
I9‘-hydroxvy—ent—,isopimara-7,1S—diene [19]
ént-ispﬁimara—?,l 5-diene-19-aldehyde [19]

: acetYlaleu_ritolic acid 120]
3,é~ace_;oxy-oiean—l4 (15)- 28-oic acid [20]

. ent-15,16-epoxy-3,11,13(16),14-cleroda-tetraen-19-oic

acid ' [21]

| 11-dehydro(=)-hardwickiic acid [21]
c;Otocembraneic acid [13]
‘neocroioce_r_nbraneic acid [13]
neo&rotonéembyanaﬁ [24]

labda-7,12 (E), 14-triene 23]

labda-7,12 (E), 14-triene-17-ol [23)

labda-7,12 (E), 14-triene-17-al [23]

labda-7,12 (E), 14-triene-17-oic acid 2-acetoxy-3- 23

hydroxy-8 (17), (E)-14-triene | [14]
3-ace;toxy—2—hydroxy—]abda—8 (7,12 (E£)-14-triene [14]
2,3-dihydroxy-labda-8 (17),12 (E),14-triene [14]




T:iible_ 1 Continued

_-Plant parts

“Chemical compounds Reference

wood oblongifoliol [15]
; 19-deoxyoblongifoliol [16]
oblongifolic acid [17]
ent-1sopimara 7,15-diene [18]
3-deoxyoblongifoliol [18]
ent-isopimara-7,15-diene-19-aldehyde [18]
(-)-hardwickiic acid [19]
acetylaleuritolic acid [20]
~11-dehydro-(-)-hardwickiic acid [21]

'ieay_es -| waxy materials [22]




CHO™

- Ho""
© HOH,C

oblongifoliol [15] ' 19-deoxyoblongifoliol [16]

oblongifolic acid [17] ent-isopimara-7, 15-diene [18]

oHC”

ent-isopimara-7, 15-diene-19-aldehyde [18]

....

COOH COOH

I 1-dehydro(-)-hardwickiic acid [21] (—)-hardwickiic acid [19]

; Flgure 2 Structures of isolated compounds from Croton oblongifolius Roxb.



" COOH : CHO

neocrotocembraneic acid [13] " neocrotocembranal [24]

COOH

crotocembraneic acid [13]

- . R=CHjs labda-7,12(E),14-triene [23]
=CH,0OH labda-7,12(£),14-triene-17-0l [23]
=CHO labda-7,12(E),14-triene-17-al [23] -

=COH", labda-7,12(E),14-triene-17-oic acid [23]

Figure 2 Continued



R0

" R%0

R' R

CH;CO H 2-acetoxy-labda-8 (17), 12(E), 14-triene-3-ol {14}
H CH;CO 3-acetoxy-labda-8 (17), 12(£), 14-triene-2-ol [14]
H H labda-8 (17), 12(E), 14-triene-2, 3-diol [14]

Figure 2 Continued

. Although chemical constituents from C. oblongifolius have been reported for
10_ng'ﬁm¢,- new compounds are still discovered, and some of them give interesting
bi'.oactivit)./. In addition, the chemical components from the stem bark of C. oblongifolius
from various locations are different. For example, C. oblongifolius from India, is mainly
cat’égoriz_ed into the isopimarane and clerodane groups. While C. oblongifolius from
}Thail.ancﬂi (Amphur Vicheinburi, Petchaboon province) was found to have cembranoid
ditér’bene skeleton.[24, 25] On the other hand, specimen from Amphur Pranburi,
Prachuabkirikhan province gave labdane diterpenoids.[26] Therefore it was decided to
invesﬁéate the chemical constituents of the stem bark of C. oblongifolius from Amphoe

Tha-U theh:, Nakhonphanom province, Thailand.

This research deals with the sesquiterpene compounds and flavonoid compounds
1solated ffém C. oblongifolius, Nakhonphanom province. The hexane crude extract and
ethyl -;ébetate crude extract were separated by a mean of column chromatography and
puiified by broper methods such as recrystallization. The structure elucidation was carried
out by: "spectroscopic techniques. Finally, inhibitory activity on cyclic adenosine
monophosphate (cAMP) phosphodiesterase of isolated compounds from the plants was

studied.
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2,3féhemical constituents of Croton genus
Literature surveys of plants belonging to the Croton genus revealed that many
organic compounds have been isolated. The various types of organic substances reported

are shown in Table 2 and some of their structures are shown in Fig. 3.

Tab‘léﬁ;‘_?.':Chemical constituents of Crofon genus

: Seientific Name Plant parts | Chemical compounds Reference
Croton californicus whole {(—)-hardwickiic acid [26]
_ plants I-triacontanol 4 [26]
C sublyratus bark plaunol A, B, C, D and E 7]
! ent-3a.-hydroxy-13-epimanool (28]
_ ent-16L, 17-dihydroxykaurane 28]
e polilénez' Gagnep. : bark poilaneic acid [29]
(IR ,2E,42,7E,117)-12-carboxl -1- [29]
isopropy! _ [29]
4,8-dimethyl cyclotetradecate [29]
traene [29]
i—(,-'is?o'f;c»z’erianus heart wood | sonderianin [30]
I coumarin, scopoletin [30]
roots hardwickiic acid [31]
g 12-hydroxyhardwickic acid 32]
| sonderianial [32]
(-)-hardwickic acid [33]
3,4-secotrachylobanoic acid [33]




Table 2 C.'(.i.ntinued
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Scieri/tiiﬁc Name Plant parts Chemical compounds Reference
C. lechleri . - . - sap 1,3,5-trimethoxy benzene [34]
] 2,4 6-trimethoxy phenol [34]
3,4-dimethoxy phenol [34]
3,4-dimethoxy benzyl alcohol [34]
4-hydroxy phenethyl alcohol [34]
. alcohol acetate [34]
. sitosterol [34]
| Sitosterol-#-D-glucopyranoside [34]
[sitostenone [34]
bark crolechinol [34]
crolechinic acid [34]
C CC_I]ILI:C(II‘CI bark t-dehydrocrotonin [35]
| leaves cajucarinolide [35]
bark triterpene acetyl aleuritolic acid [36]
bark t-cajucarin B [37]
| sacacarin [37]
: | f-crotonin [38]
| cajucarin B (39]
stem bark trans-dehydrocrotonin (DCTN) [37]
leaves kaempferol 3,4',7-trimethy! ether [40]
- leaves 3,7-dimethyl ether [40]




;plaul}Ql A [27]

plauno} C [27]

plaunol D [27] ' . plaunol E [27]

Figure 3 Structures of 1solated compounds from Croton genus
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ent-3a-hydroxy-13-epimanool {28] ent-16P3, 17-dihydroxykaurane [28]

COOH

poilaneic acid [29]

COOCH;

COOH

12-hydroxyhardwickic acid [32] sonderianial [32]

Figure 3 Continued



HO

crolechinol [34]

J

HOOC

crolechinic acid [34]

Figure 3 Continued
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2.4 Biolbgical_ activity on cyclic AMP phosphodiesterase

In 1960, Sutheﬂand and Rall [41] were the first to describe the role of cyclic
- AMP a5 a ““second messenger”’, mediating the response of cells to a variety of hormones
and neurotransmitters. Sutherland and his coworkers subsequéntly demonstrated the
importance of cyclic AMP in the regulation of a variety of metabolic processes, including
card_iac and smooth muscle contractility, glycogenolysis, platelet aggregation, secretion,
and lipolysis. The physiological importance of cyclic GMP, on the other hand, remains
iargely.' a mystery, and early: suggestions that cyclic GMP acts in opposition to cyclic

AMP have in many cases been discounted.[42]

- Cyclic nucleotide phosphodiesterases (PDEs, E. C. 3. 1. 4. 17) which degrade the
secohd messengers cyclic 3',5'-adenosine monophosphate (cyclic AMP) and cyclic 3°,5'-
'guano_____s_ine monophosphate (cyclic GMP) to 5'-AMP and 5'-GMP, nucleotides which are
unable to. activate the protein kinase cascade. As second messengers, éyclic AMP and
; c:yciic,_,.____GMP play key roles in the functional responses of cells to many hormones and

neurotransmitters. The cyclic AMP cascade is depicted in Fig. 4.
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(a(

AC
) PDE :
ATP CAMP —/—— 5'AMP
PKA - PKA
active inactive
Protein > Protein-P

P:A l

PHYSIOLOGICAL RESPONSE

Figure 4 Cyclic AMP cascade

The cyclic AMP cascade illustrated the role of cyclic AMP PDE. Hormones,
neerotranSmitte_rs, mediators, etc. bind to specific receptors (R) coupled to adenylate
cyclas':é (A__C)” through a stimulatory G-protein (Gs). AC catalyzes the conversion of ATP
to' cyclic AMP by the catalytic action of adenyl cyclase which binds to the regulatory
subunit of cyclic AMP-dependent protein kinase (PKA), so uncoupling it from the
catalytic moiety. The activated PKA phosphorylates interact with intracellular protein
substrates which alters their activities. This results in an altered cellular response, such as
smooth muscle relaxation or suppression of inflammatory cell functions. The action of
, éyclic,AMP is abrogated by cyclic AMP phosphodiesterase (PDE) which hydrolyses_thé
3'-phosphodiester bound to cyclic AMP and converting it to the inactive 5'-AMP. Protein
\,\phosphat;ises_:_ (PPA) act to dephosphorylate proteins and counteract the action of cyclic
AMP[43]



17

O O o)
o I H ‘
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(|) OH O_r; 0
H o)
ATP 3',s'cyclc AMP  Pyrophosphate
: (PPi)

Figure 5 Formation of cyclic AMP

~ Seven cyclic nucleotide PDE families have been identified by Michaeli ef al.{45]
The families are designated as the Roman numberals I, II, I, IV, V, VI and VII,
-corresponding td Ca**/calmodulin stimulated-, cyclic GMP-stimulated-, cyclié GMP-
inﬁibited-, cyclic AMP specific-, cyclic GMP-specific-, photoreceptor- and rolipram
ins__cnitive (cyclic AMP-specific)-PDEs, respectively.[44]

Phosphodiesterase catalyzes the apparently nonreversible hydrolysis of the 3’-
bond in the cyclic hucleotides to produce their non-cyclic 5'-mono phosphate derivatives
(Fig. 6). Phosphodiesterase catalyzed hydrolysis is the major physiological pathway for

the ‘t__eﬁnination of the intracellular effects of the cyclic nucleotides. There is not much

support for other pathways for the degradation of cyclic AMP.

base

base .
O | O O
Cil, Phosphodiesterase Q CH,O- P o)
o TN
O o
/
HO G=n T: 0 HO OH
g
. Cyclic nucleoside nucleoside-5'-monophosphate

3',5"-monophosphate

Fig_ufe 6 Phosphodiesterase catalyzes the cyclic nucleotide to'noncyclic nucleotide
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Phoshodiesterases occur widely in biological systems. They are present in nearly
all anamvmalian tissues With the possible excepti'ons'of red'Blbod cells and isolated rat .
a.drevn,al cells. These two cellular systems provide excellent models for studving cyclic
nug:_léotide synthesis uncomplicated by the interference of phosphodiesterases. These
‘ei‘.l.zym_e_:_s have been found also in bacteria, yéast, insects, higher plants and several marine
- organisms. In genefal, they are found wherever the cyclic nucleotides exist. Phospho

dieéterage activity is detected early in embryonic development, increases up to maturity,

:seem_s_ to decrease with age, and varies in activity with the cell cycle.[2]

- The development of novel phosphodiesterase (PDEs) inhibitors is of major
intgres.t. PDEs play-a' critical role in various biological processés by hydrolyzing the key
seéond,_messengers adenosine and guanosine 3',5'-cyclic monophosphate nucleotides
(cAMP and-cGMP, respectively) to the corresponding 5'-monophosphate nucleotides.
T.;herefor_e;' inhibition of PDE activity produces an increase of AMP and GMP intracellular
levels that activates specific protein phosphorylation pathways involved in a variety of
functional responses. Modulation of the intracellular second messenger cyclic 3',5'-
; adcnosine monophosphate (cAMP) by phosphodiesterase type 4 (PDE4) inhibitors
represents a promising new approach for the treatment of chronic inflammatory diseases
such as asthma, COPD, and rheumatoid arthritis.[46] Some of the cAMP
‘phosphodiesterase inhibitors also have inhibitory activity on platelet aggregation. A
cAMP phoéphodiesterase inhibition test was recently introduced for the research of novel
.~ cardiotonics.[47]

Thé:developmem of novel phosphodiesterase inhibitors is of major interest.
7~,7:inhibitidﬁ of phosphodiesterase activity has been reported for many different classes of
’ compounds. “These include the prototypicai nonselective inhibitors papaverine,
theophylline and 3-isobutyl-1-methylxanthine (IBMX).[42] The structures of these

compounds are shown in Fig. 7.
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L
H}CO H3 N
H,CO ’ />
3 o = N N
OCH; FL

o . 'R=CHs; Theophylline
apavetie OCH; R=iBu ; IBMX

Figure 7 Some phosphodiesterase inhibitors

A literature surveys of cAMP phosphodiesterase inhibition have been widely
studies. The various types of compounds are shown in Table 3 and some of their

structures are shown n Fig. 8.



'l‘éb_l__e 3 [nhibitiory activity on cAMP phosphodiesterase of some compounds

Compound 5 ( C;3H55NO- )

e Samples 1Cs0 (10°M) References
| L Mangostanol from Garcinia mangostana [10]
| .Mangostanol_ 4.7
- d—mangostin 2.4
“y-mangostin 5.0
i2 Fl}avonoid from Licorice roots {48]
Isoliquinitigenin-4’-O-apioglucoside 171
Isdliquiritigenin 18
| Liquiritigenin 108
| Glabridin 8.2
Licoricidin 4.9
____Licoarylcoumarin 1.0
Gi&cycoumarin 0.7
; ‘Glycyrol 44
L.i_._cori_c,one 23
-pép_aver_ine 3.
= C.‘erve.rgtrum alkaloids from bulbs of [49]
| Fritillaria p_efyica
' Compound 1 ( Cz7HsoNO, ) 24.7
Compound 2 ( CayHssNO, ) 8.8
Compoﬁnd 3 ( C33HssNO5) 12.7
Compound 4 ( Cy7H4sNO; ) >500
18.3

20



."fa.bl.e 3 Continued

g

Compound 6 ( CasHz2017)

i Samples ICs (10°M) References |
{4 Steroidal alkaloids from the bulbs of 0]
! Frz_'tiﬁaria persica
il Compound 2 ( Ca7HaNO; ) 10.6
~ Compound 3 ( CysHsNOg ) 67.9
~ Compound 4 ( CyHyNO3) 214
~ Compound 5 ( Cy3HsNOg) 17.1
'S, Steroidal saponins from the rhizomes of [51]
;i ;§ri'zilc:pr sieboldii
" Compound 1 ( CasHlzoNOss) 83
i Compound 2 ( C53HeoNO;5 ) 34
| Compound 6 ( CagHzNO7 ) %,
:‘ ‘T‘ ﬁtaofld_ai saponins from Smilax riparia [52]
i and S. china
Compound 1 ( C3p HesO12) 10.2
Compound 2 ( C45H724047) 5.5
Cd_mpound 3( Cs51Hg2021) 4.7
Compound 4 ( Cs;Hgs022) 29.4
Compound 5 ( C4sH72016 ) 33.3
93




T:{ble 3 Continued

Samples 1Cso (107°M) References
7. Steroidal saponins from the tubers of [53]
Dichelostemma multiflorum

| Compound 1 ( C4oHesO3) 20.6
Compound 1° 76.2
Compound 2 ( CssH74017) 11.8
Compound 2° 10.0

. Compound 3 12.3
I;\ : Compound 4 11.4
} _Compound 5 ( CsoHgO092 ) 154

i ‘ . Papaverine (positive control) 3.0

27



1. Mangostanol from Garcinia mangostana

R=CHj;. o-mangostin ~ [10]
R=H; y-mangostin [10]

Figure 8 Structure of compounds that have inhibitory activity on cAMP

phosphodiesterase
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2. Flavonoid from Licorice roots

Glycycoumarin  [48] Licoarylcoumarir [48]

HO

Licoricidin [48]

Figure 8 Continued



3. Cerveratrum alkaleids from bulbs of Fritillaria persica

RO
— - - 1 ¥ ".
H oH R=B-D-Glcp ; Compound 3

4. Steroidal alkaioids_ from the bulbs of Fritillaria persica

RO
q il
0

- R=R=B-D-Glcp; Compound 5 { C33HsNOg ) [50]

Figure 8 Continued

R=H ; Compound 2 [49]

[49]
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5. Steroidal saponins from the rhizomes of Smilax sieboldii

GlcO
HO—

Compound 2. ( C3gH(,oN013 ) [51}

6. _'__'"S'”teroidal saponins from Smilax riparia and 8. china

Me
HO

HO
OH

Compound 2 ( C45H740|7 ) [52]

Figure 8 Continued
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OH

Compound 3 ( Cs;HgOs; ) [52]

7. Steroidal saponins from the tubers of Dichelostemma multiflorum

R'= -L-Rhap; R*=Ac: Compound 2 (53]
R'= -L-Rhap; R*=H: Compound 2a

Figure 8 Continued



CHAPTER III

EXPERIMENTAL

| = 3.1 Plant Ma_terial

~ The stem bark of C. oblongifolius Roxb. used in this study was collected from
Amphur Tha-Uthen, Nakhonphanom Province, Thaiiand; in 1999, Botanical identification
was achieved through comparison with a voucher specimen No. BKF 84729 n .the
herbariun{”vcollection of the Royal Forest Department, Ministry of Agriculture and

Cooperatives, Bangkok, Thailand.
3.2 Instruments and Equipments

321 Rotary Evaporator
The Buchi rotary evaporator model N-1 was used for the rapid removal of a large

- amounts of volatile solvents.

+-3.2.2 Fourier Transform Infrared Spectrometer (FT-IR)
“The FT-IR spectra were recorded on a Nicolet Impact 410 Fourier Transform
Infrared Spectrometer. Spectra of solid samples were recorded by incorporating the

sample into a pellet of potassium bromide and spectra of liquid samples were recorded as

* thin films (NaCl cells).

3.2.3 Nuclear Magnetic Resonance Spec‘arometer (NMR)

The '"H-NMR and "C-NMR spectra were recorded on a Bruker Model ACF 200
‘Spectrome'té.r operated at 200.13 MHz for '"H-NMR and at 50.32 Miiz for BC-NMR.
| The chemical shifts in & (ppm) were referenced to the signal from the residual
proton in deuteréted solvents. Assignments of BC.NMR spectra were assisted by

Distortionless Enhancement by Polarization transfer (DEPT).
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3.2.4 Mass Spectrometer (MS)
The mass spectra were recorded on - a Fisons Instruments Mass Spectrometer

Moael Tno 2000 GC-MS in Electron Impact (EI) mode at 70 eV.

3.2.5 Melting Point

The melting points were recorded on a Fisher-Johns melting point apparatus.

3.2.6 Ultraviolet-Visil)le spectrometer (UV-Vis)
UV-VIS spectra were recorded on a Hewlett Peckard 8452A with diode array
spectrdﬁhgtometer in MeOH.

3.2.7 Optical Rotation

The optical rotation values were measured using a Perkin-Elmer 341 polarimeter.

3 2.8 X-ray Diffractrometer
f he x-ray diffractrometer were obtained on a SIEMEN SMART diffractrometer at

Department of Physics, Faculty of Science and Technology, Thammasat University.

3.2.9 Microtiterplate Reader
The microtiterplate reader for biological activity test was carried out using a

Awareness 3200 titreplate reader.
3.3 Solvents and Chromatographic Media

3.3.1 ‘Solvents
All solventsvused in this research such as hexane, chloroform, ethyl acetate and

methanol were purified by distilation prior to use.

. 3.3.2 Chromatographic Media
| 3.3.2.1 Merck’ s silica gel 60 G Art. 7734.1000 (70-230 mesh ASTM) and
9385 (230-400 mesh ASTM) were used as adsorbents for normal column

chromatdglarphy and flash column chromatography.



13.3.2.2 Merck’.s TLC aluminium sheets, silica gel 60 F254, 20 x.20 cm’,

. Jayer 0.2 mm were used to identify the identical fractions.
3.4 The cAMP phosphodiesterase assay

o 341 cAMP ' phosphodiesterase (bovine heart) from Sigma Chemical Company,
~ USA.
3.4.2 'S'-nucleotidase (Crofualus atrox venom) from Sigma Chemical Company,

USA.

(V%)
(9

Adenosine 3,5’ -monophosphate (c-AMP) sodium salt from Sigma Chemical
. Company, U.S.A.
3.4.4- Malachite green or Brilliant green (Cy7H34N>S) from Tokyo Kasei Kogyo,
© Japan. _
3.4.5: Polyvinyl alcohol from Metro Company Limited.
3'4'6, Ammenium molybdate from E. Merck Company, Germany.
347 .So_dium citrate dihydrate from E. Merck Company, Gerrnahy.
348 Sodium dihydrogen phosphate monohydrate from E. Merck Company,
‘Germany.
34.9 Tris (hydroxymethyl)-aminomethane from E. Merck Company, Germany.
3;.4.1'0 ..The_ophyﬂine (1,3-dimethyixanthine) anhydrous from Sigma Chemical
" '-Cbmpany, US.A.

00 Extr"ac_tion and isolation of stem bark of croton oblongifolius Roxb. from

"Amphoe Tha-Uthen, Nakhenphanom province

The:pbwdered, sun-dried stem bark of C. oblongifolius Roxb. (4.5 kg) from

}"\mphoe T lia—Uthen Nakhonphanom province was soaked in hexane (12 liters) for 6-7

a\s at room temperature for 3 times. The solution was filtered, and evaporated undel :
uduccu pxessure to obtain hexane extract of 154.72 g ( 2.38 % wt by wt) as a yellow1sh ’
'umn oil. The resxdue was re-extracted with ethyl acetate (8 liters) for 3 times at room _.
mmpe.-ature. The filtered ethyl acetate solution was evaporated to afford the ethyl acetate
"e,\;;tfract of 162.96 g (3.62 % wt. by wt.) as a dark-red gummy and residue was re-extracted

again>W'ith methanol (8 liters) until the eluted solution was clear. The combined methanol
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_solution was concentrated using a rotary evaporator under reduced pressure to give a

methanol extract of 170.65 g (3.79 % wt by wt) as a dark-brown gummy:
3;6-‘:Separati0n of the chemical constituents of the C. oblongifolius Roxb.
~ 3.6.1 Separation of hexane crude extract

: The héxane crude extract (120 g) was separated by Column chromatography using
silica gel Art 7734 as stationary phase and hexane-ethyl acetate as gradient eluant ina
stepwise fashion. Approximately 50 mi of eluant was collected for each fraction and
coneentrated by using a rotary evaporator. Each fraction was monitored by TLC and the

identical fractions were combined.
3.6.2 Separation of ethyl acetate crude extract

The ethyl acetate crude extract (120 g) was separated by silica gel column
Chro’__t’ﬂatography using Merck Silica gel 60 (Art 7734.1000, 70-230. mesh ASTM) as
) statiénary phase and hexane-ethyl acetate as gradient eluant in a stepwise fashion.

: Aftér the eluate was collected to approximately 50 ml for each fraction, eluted
solution ‘was monitored by TLC. The fractions containing similar components were

combined and then concentrated using a rotary evaporator to a final volume of 30 ml.

The methanol crude extract was obtained as a dark-brown gummy (170.65 g).
This extract was not carried out for further separation because it was insoluble in all

organic solvents use in this experiment.
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3.7 Cyclic AMP phosphodiesterase assay

The original method for measuring the activity of adenosine 3',5’-monophosphate
phosphodiesterase (adenosine 3’,5-monophosphate 5'-phosphate phosphohydrolase,
E.C.3.1.4.17) (phosphodiesterase) as described by Buther and Sutherland in 1962 has
remained essentially unchanged over past several vears.[49] Chan, K. M,. and et al., 1986
reported a simple and rapid colourimetric assay for measuring the high affinity Ca'-
ATPase activity in subcellular fractions. A one step addition of a malachite green/
molybdate/polyvinyl alcohol reagent to the assay mixture at the end of the incubation
period is all that is required for the spectrophotometric quantification of the

phosphomolybdate malachite green complex.[50]

This thesis describes a method for determining phosphodiesterase activity by the
malachite green method, which is highly sensitive to inorganic phosphate. The amount of
morganic phosphate liberated from the reaction of adenosine 5'-monophosphate and 5'-
nucleotidase was measured. Figure 9 illustrates the quantitative determination of cyclic

AMP phosphodiesterase activity by the malachite green method.

Adenosine-3',5"-monophosphate(cAMP)
@ c-AMP phosphodiesterase (PDE)
5’-Adenosine monophosphate (5'-AMP)

ﬂ 3'-nucleotidase
Pi  + Adenosine

7=

Ammoniummolybdate
Phosphomolybdate
Phosphomolybdate malachite green complex

Determination of absorbance at 630 nm

Figure 9 Quantitative determination of cAMP phosphodiesterase activity by malachite

green method.



3.7.1 The procedure of PDE assay

The PDE assay of all compounds were carried out using bovine heart enzyme
(PDE)“ and. Crotualus atrox venom (5'-nucleotidase). The standard assay mixture
containvéd,' .in a final volume of 100 ul, 0.5 M Tris-HC! buffer (pH 7.4) with. .or without 10
pl of enzyme solution. The stock solution -of the sample compound in DMSO
’_k,(I;dimethylsulfoxide) was added to the assay mixture to give 1 mM, 0.1 mM and 0.01 mM
i ﬁnal concentrations of compounds. Cyclic AMP (10 mM) was added and incubation was
carried out for 15 min at 37°C. The reaction was stoped by us.ing' 25% Na-citrate solution.
Liberated orthop phosphate (P1) was determined by the method of Chan and et al. [50] One
unit of spec_iﬁc activity is defined as the liberation of 1 pmol of inorganic phosphate per
mg protein pe'r min. The bioassays were performed in five times replication -on microtitre
_'plat,efs;-'-(% wells) which contained 420 ul of mixture per well. Control was the PDE enzyme
'cdx/lltai__n___j_qg DMSO 1in equivalent amounts as the samples. Theophylline was used as a

, positiﬁé control. All reagents were prepared freshly and distilled water was used in making

these reagents.



CHAPTER IV

'RESULTS AND DISCUSSION

The stem bark of C..oblongifolius was extracted by hexane, ethyll acetate and

myethan(_)lvfo obtain three different crude extracts as shown in Table 4 and the procedure of

the extraction is shown in scheme 1.

Table 4"}Various extracts of the stem bark of C. oblongifolius Roxb.

Solvent
e‘xtract Appearance Weight Y%wt/wt of starting material
Hexane yellowish green ol 154.72 2.38
Ethyrl acetate | dark-red gummy 162.96 3.62
Metha_noi dark-brown gummy 170.65 3.79

Scheme 1 Extraction of the stem bark of C. oblongifah’us‘Roxb.

Sun dried stem bark

of C. oblongifolius Roxb. (4.5 Kg)

Hexane

f
i

|

l

Hexane crude extract

(15472 ¢2.38% wt/wt

|

Marc

l Ethyl acetate

-

.

- Methanol crude extract

170.65 g 3.79% wi/wt

Marc
Ethyl acetate
Methanol
ethano Crude extract
i 162.96 g 3.62 % wt/wt
Marc .
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4.1 Isolation of chemical censtituents of C. oblongifolius Roxb.
4.1.1 Separation of hexane crude extract
The hexane crude extract (120 g) was separated by column chromatography using
hexane-ethyl acetate as gradient eluant in a stepwise fashion. The results of the separation

-ofthe hexane crude extract are presented in Table 5.

Table 5 Results of separation of hexane crude extract by column chromatography

Eluent ' Fraction No Remark Weight (g)
- Hexane 1-50 Orange oil ' 1.76
| s163 Yellow oil 1.76
64-75 Yellow oil 1.55
- 76-94 Yellow oil 1.64
5% EtOAc-hexane 95-105 Yellowish oil 1.74
106-125 Dark yellow ol 1.56
l _ 109-111 Semi solid in orange oil 1.05
i 10% EtOAc-hexane . 112-157 Orange oil 1.04
| | 158-165 Yellow crystal in yellow oil 1.57
. - 166-230 Dark brown oil 2.34
20% -‘éiOAc—hexane 231-237 Yellow crystal in brown oil 3.39
\ 238-260 Yellow solid in brown oil 1.46
_ 261-275 Brown oil 2.58
30% EtOAC-hexane 276-301 Brown oil 2.12
302-324 Yellow solid in brown oil 1.58
325-370 Brown oil 1.85
40% EtOAc-hexane 371-381 Dark yellow oil 1.68
i 382-427 Dark brown oil 2.07
30% EtOAv'c—hexane_- | 428-442 Dark brown oil 0.10
e 443-479 Dark brown oil 1,29
5,60% EtOAc-hexane 480-511 Dark brown oil ' 0.03




- Table 5 Continued
~Elvent Fraction No "~ Remark Weight (g) |
7‘ 70’%EtOAC—hexane 512-534 ~ Dark brown oil ' - 0.09
| 80%EtOAc-hexane | 535-612 Dark brown oil - 0.05
1 96% EtOAc-hexane 613-685 Dark brown tar 2.30
H00%EIOAC - 686-710 Dark brown tar 1.42
| 10% EtOAc-MeOH | 711-730 Dark brown tar 1.10

The procedures of compound 1-3 from hexane crude extract are shown in scheme 2.
- Scheme 2 Isolation of compound 1-3 from hexane crude extract

Hexane crude extract (120 g)

Column chromatography

: l B L 0
Y 5% BiOAChexans | 20 % EtOAc-hexane T BOA
- Compound 1 Compound 2 Compound 3
015 g 3.49 ¢ 1.35¢
(0.13 % wiiwt) (2.91 % wt/wt) (1.13 % wt/wt )

"~ 4.1.2 Separation of ethyl acetate crude extract -

) The ethyl acetate crud extract (120 g) was separated by. column chromatography
- using hexane-ethyl acetate gradient in a stepwise fashion. The results from the separation

of ethiyl acetate crud exiract are snown in Table 6.



Table 6 Result of the separation of ethyl acetate crude extract

Weight (g) |
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| Eluent Fraction No Remark

| Hexane . 1-93 Yellow oil 0.29
“: 3% EtOAc.—hexane_ : 94-118 Semi solid in yellow oil 1.36
| 119-148 Dark yellow oil 0.52

110% EtOAc-hexane 149-169 Red-brown oil 0.65

o 170-195 Yellowoil 4.60

: E iy 196-212 Semi solid in yellow oil 2.78

‘ I QO%EtOAc—hexane 213-258 Semi solid in yellow oil 1.25

e 259271 Semi solid in yellow oil 0.91

- 272-281 Semi solid in yellow oil 0.71

‘ 282-294 Semi solid in yeHow o1l 3.14

' 30% EtOAc-hexane 295-328 Amorphous solid in yellow oil 5.82

; 329-380 Brown oil 4.64

| 40% EtOAc-hexane 381-443 Brown oil 3.81

: 444-489 White crystal in yellow oil 7.23

' 50% EtOAc-hexane 490-544 White crystal in yellow o1l 2.81

| 60% EtOAc-hexane 545-763 Dark brown oil 4.44

| 10% EtOAc-hexane 764-837 Dark brown oil 2.53

80% EtOAc-hexane 838-869 Brown oil 1.85

90% EtOAc-hexane 870-903 Dark brown oil 1.24

 100% EtOAc 904-1020 Dark brown oil 2.47

i 10% EtOAc—-MeOH (021-1024 White sciid in brown oil 1.82

1025-1050 Dark brown tar 2.95




]
The isolation of compounds 4-5 from ethyl acetate crude extract is shown in scheme 3.

~ Scheme 3 Isolation of compounds 4-5 from ethyl acetate crude extract

Ethyl acetate crude extract (120 g)

l Silica gel Column chromatography

| 40 % EtoAc-hexane 100% EtoAc
: Compound 4 Compound 5§
1208 0.76

{(1.0% wi/wt) (0.63% wt/wt)

The hexane and the ethyl acetate crude extracts of the stem bark of C. oblongg'foli_us

- Roxb. were separated by silica gel column chromatography to obtamed five compounds. -

These _c__dmpounds are shown in Table 7.

Table 7 Results of the separation ;of hexane and ethyl acetate crude extract of C

~oblongifolius Roxb. by colurﬁn chromatography

Compounds Physical appearance Weight (g)
i Colourless crystal 0.15
2 : Bright yellow needles 3.49
3 Yellow crystal 1.35
4 White needle crytal 1.20
Mixture 5 White amorphous powder 076 o |
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4.2 Purification and pi‘opert_ies of the compounds from Croton oblongifolius Roxb.
4.2.1 Purification and properties of cdmpound 1

~ Compound 1, a colorless crystals (0.15 g, 0.13 %yield from crude hexane and
0.003 %yield from starting material). The following properties were determined: m.p. 84-
85 °C, [a]p?’~4.6 (0.315 /100 ml in CHCL), UVAmas nm (loge):206(2.57) ; EI-MS
m/z found 222, Caled for C;sHy6O. The R¢ value of this compound was 0.63 (0.15
%EﬁOAc—hexane, Si10y). Compéund 1 was soluble in hexane, ethyl acetate, ethanol,

chloroform, methanol and DMSO.

] FI-IR spectrum (KBr)(Fig.19):vimax (cm']):3332(m), 2937(s), 2865(s), 1470(m),
-~ 1376(m), 1107(m), 988(w), 939(w), and 888(w). |
'H-NMR . spectrum (200.13 MHz, CDCl3) (Fig. 20) & (ppm):2.30 (1H, s), 2.06
(1H,1d, /=10, 8 Hz), 1.01-1.61 (9H, m), 1.17-1.34 (1H, m), 1.12 (3H, 5), 1.02 (3H, s), 0.96
(3H, s), 0.92 (3H, d, J=6Hz), 0.69-0.76 (1H, m), and 0.31 (1H, dd, J=10 Hz)
ol BC-NMR spectrum (50.32 MHz, CDCl3) (Fig. 21) & (ppm): 74.59 (s), 53.75 (d),
4076 (). 39.18 (1), 38.41 (d), 30.78 (1), 30.49 (q), 28.64 (q), 25.0 (d), 24.61 (1), 23.37 (d),
20. 82 (1), 1971 (s), 15.98 (q), and 15.40 (q).

" EI-MS spectrum m/z:(Fig. 23), 222 [M'](15), 204 [M'-H,0](24), 189\20) 161
41), 147(30). 122(1 00), 109(90), 81(75), 69(83), and 55(48).
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4.2.2 Purification and properties compound 2

vCompound 2, a bright yellow needle, was recrystallized from chloroform several.
times to give 3.49 g (2.91 %yield from crude hexane extract and 0.08 %yield from starting
mate{rial' ), m.p. 126-128°C, [a]p™-3.7 (0.365 /100 ml in CHCls), UVAme """ nm
(logé)'270(4 37); EI-MS  m/z found 328 and calc.. for C3H,606. The Ry value of this

xompound was 0.58 (25 % EtOAc-hexane, SiO,). Compound 2 was soluble in chloroform,
DMSO ethanol, and methanol.

__ '.FT—_IR spectrum (KBr)(Fig. 24):Vmax (¢m™):3600-3200(br, w), 3089(w), 2946(m),
2844(m), 1656(s), 1600(s), 1344(s), 1179(s), 941(w), and 831(s).

: 1HTNMR spectrum (200.13 MHz, CDCh)(Fig. 25) 8 (ppm):12,63 (1H, s), 8.04
(H. d, J=8 Hz), 6.98 (2H, d, J=8 Hz), 6.41 (1H, d, J=2 Hz), 6.31 (1H. d, J=2 Hz), 3.87
GH, s).3.84 (3H, s), and 3.83 (3H, s).

BCNMR spectrum (50.23 MHz, CDCL)(Fig. 26) § (ppm):178.75(s), 165.37(s),
161:58(s); 161.52(s), 156.71(s), 155.94(s), 138.81(s), 130.14(d), 122.75(s), 144.03(d),
106.01(s), 97.81(d), 92.12(d), 60.13(q), 55.79(q), and 55.43(q).

N _.EI MS spectrum m/z (Fig. 28):328 [M"}(90), 313 [M™-OCH;](6), 285(38) 150
(30), -1"35(_3_1'), 119(15), and 78(13).
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4.2.3 Puriflcation and properties of compound 3

- Compound 3, a yellow solid, was recrystallized from chloroform several times
to 'éi-ve a yellow crystal, 1.35 g (1.13 % yield from crude ethyl acetate and 0.03 % yield
" from starting material) with m. p. of 134-135°C. [a]p*® +1.9 (0.333 ¢/100 m] in CHCly),
UVAma 5 nm (loge):256(4.21);EI-MS m/z found 358, caled. for C(oH;307. The Ry value
of this compound was 0.35 (30% EtOAc-hexane, SiO,). Compound 3 was soluble in

chlorofor_m, ethyl acetate, methanol and hot DMSD.

FT-IR spectrum (KBr)(Fig. 29), Vmax (cm™):3400 —3200 (br,w), 3016, 2944, 2837
(m), 1663 (s), 1600 (m), 1515 (m), 1327 (m), 1130 (s), 1009 (), 948", 908 (s), 852 (5), and
807 ()

“'H-NMR spectrum (200.13 MHz, CDCl3)(Fig. 30) & (ppm):12.62 (1H, s), 7.64-7.72
(2H, m), 6.95 (14, d, J=6 Hz), 6.40 (1H, d, J=2 Hz), 6.31 (1H, d, J=2 .Hz), 3.95 (3H, s),
 3.94(3H,s), 3.85 (3H, 5), and 3.84 (3H, 5). |
| PC-NMR (50.23 MHz, CDCl3)(Fig. 31) s(ppfn):178.71 (s), 165.42 (s), 161.98 (s);
156.69 (s), 155.80 (s), 151.35 (s), 148.73 (s), 138.95 (s), 122.89 (s), 122.16 (d), 111.22 (d),
110.82 (d), 105.99 (s); 97.81 (d), 92.18 (d), 60.17 (q), 56.04 (q), 55.98 (q). and 55.80 (q).

~ EI-MS spectrum m/z (Fig. 33):358 [M"](100), 343 [M*-CH;](40),.315 [M*-CH;CO].
(35), 165(50), 149(20), and 119(12).
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4.2.4 Purification and properties of compound 4

Compound 4, a white crystal, (1.2 g, 1.0 %yield f_rom crude ethyl acetate and
0.027% yield from starting material), was obtained from silica gel column chromatogr;apfxy o
with m.p. 180-181°C [a]p™*—4.2 (0.353 g/100 ml in MeOH), UVAna"nm (loge):226
- (1.10); EI-MS m/z found 256, the molecular formular was determined to be CsH303. The
; Rf v_alue was 0.43 in 40%EtOAc-hexane system (SiOzj. This compound was soluble in -

" m_e'tha_nol and DMSO.

FT-IR spectrum (KBr)(Fig. 34), vimax (cm’™") showed absorbtion bands at 3400~
3100(br, sj, 2937(s), 1466(m), 1385, 1340(m), 1148(m), 1085, 1044(m), 984(w), and 913
[

: 'H-NMR spectrum (200.13 MHz, CDCL)(Fig. 35) & (ppm):5.7 (1H, d, J=.2.Hz),
- 554 (1H. s), 4.44 (1H, d, /=6 Hz), 4.13 (2H, d, /=10 Hz), 2.49 (1H, s), 1.89-2.01 (1H, m),
1.39-1.54 ((1H, d, J=2 Hz), 14H, m), 1.18(3H, s), 1.03 (3H, d, J=6 Hz), 0.86 (3H, d, /=8
* Hz), and 0.8 (3H, s)
 BCNMR spectrum (50.23 MHz, CDCl5)(Fig. 36) & (ppm):155.91(s), 77.79(d),
71.87(d), 71.77(s), 49.65(d), 46.42(d), 39.97(1), 35.64(1), 28.02(t), 24.77(q), 24.51(d), 23.49
(d), 22;35(q), 22.22(t), and 13.94(q).
| - EI-MS spectrum m/z (Fig. 38):256 [M'], 238 [M"-H,0](24), 223(18), 220 [M*-
H,0](16), 195(15), 147(30), 177(16), 153(35), 123(43), 101(100), 95(50), 81(54), and 55
(48).



4.2.5 Purification and properties of mixture 5

Mixture 5, a white powder, (75.5 mg, 0.63 % yield and 0.017% yield from starting
mé‘ﬁerial) was obtained from crude ethyl acetate, m.p. 270-271. [a]p?’~37.5 (0.380 g/100
ml in DMSO), UVAna " °nm (loge):210 (1.10 ) ; EI-MS m/z found 396. The Ry value of

this compound was 0.9 (20% EtOH-hexane, Si0;), This compound was soluble in hot
DMSO.

FT-IR spectrumv (KBr)(Fig. 39), Vimax (cm'l) showed sbsorption band at 3600-3200

(br, m), 2933, 2867(s), 1129(w), 1466, 1376, 1278(m), 1075, 1024 (m), 798 (w), and 667
(w). - |
e | 'H-NMR spectrum (200.13 MHz, CDCl;)(Fig. 40) & (ppm):5.3 (1H, s), 4.9 (4H, s),
i 4.‘48 (IH, t), 4.21 (1H, d; /=4 Hz), 2.87-3.04 (m), 2.49 (4H, s ), and 0.64-2.37 (m).
' BC-NMR spectnim (50.23 MHz, CDCl;)(Fig. 41) & (ppm):140.4, 138.1, 128.5,
121.2, 100.7, 76.9, 76.7, 73.4, 70.0, and 61.0.

~ EI-MS spectrum m/z (Fig. 42):396 [M*](50), 383 [M"-CH3](10), 255 (28), 213 (22),
145(45), 107(54), 95(78), 83(90), 69(82), and 57(65).
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4.3 Structure elucidation of the isolated compounds from the stem bark of Croton

bblongifolius Roxb.
431 Structure elucidation of compound 1

_ Compound 1 was isolated from hexane crude extract with 5% EtOAc-hexane to
Qb’téin,colourless crystals, m.p. 84-85 °C. The structure of compound 1 was elucidated by
usi_rig spectrdScopic tecniques.

IR-spectrum of compound 1 is shown in Fig. 19. The spectrum showed important
| ab;s.c_)rptio_n band at 3332 cm™ (O-H stretching vibration of alcohol), 2937,2865 cm™ (C-H
 stretching vibration of -CHs,-CHy), 1470, 1376 con™ (-CHa, -CH; bending) and 1107 cm”
. (-C-O stretching vibration). _
‘ * The '"H-NMR spectrum in CDCl; (Fig. 20) of compound 1 revealed four methyl

gr"oups at 0.92 (3H,.d, J=6 Hz), 0.96 (3H, s), 1.02 (3H, s) and 1.12 (3H, s) one hydroxy

‘/,g_rb'up at 2.30 (1H, s) and three aromatic protons at 1.16-2.10 ppm and 1.19-1.34 ppm,
respectively. :

‘The “C-NMR spectrum (Fig. 21) indicated 15 signals. Moreover, DEPT 90 and
/ DEPT 135 experuments (Fig. 22) showed four methyl carbons at 15.40, 15.98, 28.64, énd
30..44-ppm, five saturated carbons at 23.37, 25.00, 38.41, 40.76, and 53.75 ppm, four
k m_ethylene carbons at 20.82, 24.61, 30.78, and 39.18 ppm, which indicated that the carbon
_ signals at 19.71 and 74.59 ppm, were quarternary carbons.
" The mass spectrum (Fig. 23) showed a molecular ion peak at m/z 222 (15 %). The ion
: at"nf/_z 204 (24%) is M-H,0.
’ The.above data indicated that compound 1 has 15 carbons, 26 protons and one
liydroxy’ group. The molecular ion at m/z 222 indicated that the molecular formula was
»(3;5H560 corresponding to a degree of unsaturation of three. Compound 1 must consist of
7 ;hfee-rings and one hydroxy group. These data indicated that compound 1 was ledol which
is a known compound, by comparison of its "H-NMR and *C-NMR which those reported

' [5‘.'|.]'.which was closely matched as shown in Table 8.
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Table 8 'H-NMR and “C-NMR spectral data of compound 1 and ledol

_ Chemical shifts (ppm)

| Carbon "H-NMR ~ SCNMR

! position - Compound 1 . Ledol Compoundl Ledol
1 2.06,1d (10,8) | 2.09,td (9.5,6.5) 53754 | 53.79d
2 1.93,m 1.90,m 261t | 2463
3 128, m 1.30, m 30.78t 30.80t

- 196,m | 1.99.dsxt(10.5,6.5) | 38.41d 38.44d

5 179, m 1.78,dt (10.5,6.5) |  40.76d 40.79d

| A 0.31,ddd 82,10) | 0.33,dd (10.5,9) 23.37d 23.41d
7 0.73, m 0.72,ddd (11,9,6) | 25.00d 25.03d
8 1.82,m 1.83,m 20.82t 20.30t
9 124, m 1.86, m 3918t | 39211
10 : 2 74.59s 74.59s
i1 - - 19.17s 19.19s
12 0.96, s 0.98, s 15.40q 15.41q

R 1.02, s 1.04, s 28.64q 28.66q
e 1.12,s T4 30.49q 30.52q
1S | 0.92,d(6.7) 0.94. d (7) 15.98q 15.99q
OH 2.90, s 2.92,s - -

dsxt= doublet of sextets.

This compound has been firstly found in tiverwort Lepicolea ochroleucaa [52] and
fruits of Piper clusii [53] . Moreover, it has been first reported in C. oblongifolius Roxb.

The structure of compound 1 is shown in Fig. 10.



Figure 10 Structure of compound 1
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4.3.2 Structural elucidation of compound 2

Compound 2 was isolated from hexane crude extract with 10% EtOAc-hexane and
,»-fro‘m ethyl acetate crude extract eluted with 10 %FEtOAc-hexane to afford bright yellbw
| needles, m.p. 126-128 °C. The structure of compound 2 was elucidated by using
spectroscopic tecniques. The data of this compounds are shown below.

'":IR-spect'rum of compound 2 is shown in Fig. 24. The spectrum showed impértant
ab’s’orptio___nx band at 3400-3200 cm™ (O-H stretching vibration), 3089, 2946, and 2843 cm’’
(C-H s':i.x.'etching vibration of -CHjs, -CH,), 1656 cm™ (C=0O stretching vibration of
conjugated ketone), 1600, 1585, and 1497 cm” (C=C stretching vibration of aromatic),
1344 q_r_nv'.l (C-H bending vibration of -CHj, -CH,), 1179 cm’™ (C-O stretching vibration
asymmetric of C-O-C) and 877, 831 cm™ (=C-H out of plane bending of aromatic).

The 'H-NMR spectrum in CDCl3 of compound 2 (Fig. 25) showed three methoxy
groups .at 3.83 (3H, s), 3.84 (3H, s), and 3.87 (3H, s) one hydroxy group at 12.63 (1H, s)
‘ppm and two aromatic protons with a meta-relationship at 6.98 (2H, d, /=10 Hz) and 8.04
4 (2H; d, /=8 Hz), another aromatic protons at 6.31 (1H, d, /=2 Hz) and 6.41 (1H, d, J=2
Hz) ppm. | _
The '3C-NMR spectrum showed 18 signals (Fig. 26). Additionaly, DEPT 90 and
DEPT 135 égpenmems (Fig. 27) showed three methyl carbons at 55.43. 55.79, and 60.13
bppm, 51>\ tertiary carbons at 92.12, 97.81, 114.03 (2C) and 130.14 (2C) ppm, nine
quarternary carbons at 106.01, 122.75, 138.81, 155.94, 156.71, 161.58, 161.52, 165.37 and

'~'178.75,_,ppm, respectively, but no methylene carbons. One carbonyl carbon of a conjugated
kegone appeared at-178.75 ppm.

. The mass spectrum (Fig. 28) showed a molecu.ar ion peak 4t m/z 328 (90%). The ion
at mliz 313 (6%) was dertved from the loss of methoxy group.

The above result showed that compound 2 has a molecular weight of 328 and
contained 18 carbons, 16 protons, three oxygens in three methoxy group and one oxygen in
on_elhydrox'y groups. The proposed molecular formula should be C;gH;60¢. From molecular

formula, degree of unsaturation of compound 2 is 11, which suggested that compound 2

may consist of a flavone skeleton as shown below:
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OH O

Figure 11 Basic skeleton of flavone

: The 'H-NMR and >C-NMR data showed the presence of five substituents; three
methoxy groups at 3.83 (3H, s), 3.84 (3H, s) and 3.87 (3H, s), one hydroxy group at 12.63
(lH s) ppm. The hydroxy group was unusually deshieded, which could result from H-
« bonding with the carbonyl carbon at the position C-4.

 The '"H-NMR and PC-NMR data indicated that compound 2 could be flavonoid.

From__previous report [54] the compound 2 exhibited the 'H-NMR chemical shifts similar
to thbse of 5-hydroxy-3,7,4'-trimethoxyflavone.

‘The '"H-NMR chemical shifts of compound 2 and S-hydroxy-3,7:4-trimethoxy

flavone are compared in Table 9.
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Table 9 'H-NMR spectral data of compound 2 and 5-hydroxy-3,7,4'-trimethoxyflavone

"H-NMR chemical shifts (ppm)

Carbon position | 5-hydroxy -3,7,4'-
trimethoxyflavone Compound 2
3 3.84,s 3.84,s
5 10.32, s 12.63, s
6 6.33, d (J=2.5 Hz) 6.31,d (J=2 Hz)
7 3.84, s 3.83, s
8 6.42, d (J=2.5 Hz) 6.41,d (J=2.5 Hz)
2 8.04,d (/=9 Hz) - 18.04,d (J=8 Hz)
3 6.98, d (J=9 Hz) 6.98, d (J=8 Hz)
4 3.87,s 3.87,s
5 6.98, d (J=9 Hz) 6.98, d (/=8 Hz)
¢ 8.04, d (J=9 Hz) 8.04, d (J=8 Hz)
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~ The proposed structure of compound 2 are shown below.

Figure 12 Structure of compound 2

This compound has been reported previously in the stems of Boesenbergia
pandurata Schi. [54] This is the first report of 5-hydroxy-3,7,4"-trimethoxyflavone in

C. oblongifolius Roxb.
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: 4.3.3 Structural elucidation of compound 3

i : Compound 3 was isolated from hexane crude extract with ZO‘VoEtOAc-Hexane_.te
afford yellow crystal, m.p. 134-135°C. The structure of compound 3 was elucidated by
, Cusi_ng': spectroscopic tecniques. The data of this compounds are shown belov&.

. - IR-pectrum of compound 3 is shown in Fig. 29. The spectrum showed imponaﬁt
absorption band at 3400-3200 em” (O-H stretching vibration of alcohol), 3016, 2944, and. :
2837 cm™ (C-H stretching vibration of -CHs, -CH,), 1663 c¢cm™ (C=0 stretching vibration-

of cpnjugated ketone), 1600, 1515, and 1425 cm™ (C=C stretching vibration of aromatic), - .
‘ 1,32..7 cm'l_ (C-H bending vibration of -CHj, -CHj), 1130 cm” (C-O stretching 'vibratiqn:'
' asyrﬁfnetﬁc of C-0O-C), 1009 em™ (C-O stretching vibration symmetric of C-O-C) and 908,
: 837 em” (=C-H out of plane bending of aromatic).

The '"H-NMR spectrum in CDCI; of compound 3 (Fig. 30) showed four methoxy' -
groups at 3.95 (3H, s), 3.94 (3H, s), 3.85 (3H, s) and 3.84 (3H, s) one hydroxy group at |

#2.62 (1H, s) ppm and two aromatic protons whit a meta-relationship at 6.95 (1H, d, /=6 . |

Hz) and 7.64-7.72 (2H, m), and another aromatic proton at 6.40 (1H, d, /=2 Hz) and 6.3}
(1H,d, J=2 Hz) ppm.

“The “C-NMR spectrum showed 19 signals (Fig.31). Moreover, DEPT 90 and DEPT
135 exﬁe_rimer_xts (F1g.32) showed four methyl carbons at 55.81, 55.98. 56.04 and 60.18
ppm. five tertiary carbons at 92.18, 97.81, 110.82, 111.18 and 122.16 ppm, t€n quarternary . "

_carbons at 105.99, 122.89, 136.95, 148.73, 151.35, 155.81, 156.69, 161.98, 165.42 and

17871 ppm, respectively, but no methylene carbons. One carbonyl carbon of a conjugated

; ketone appeared at 178.71 ppm. | )
b The mass spectrum (Fig. 33) showed a molecular ion peak:of m/z 358 (100%) as the
\baqc peak. The ion of m/z 343 (40%) was derived from the loss of methyl group. .I
lhe above data showed that compound 3 has a molecular weight of 358 and '
Lontamed 19 carbons, 18 protons, four oxygens in four methoxy- group and one oxygen in
lxone hydroxy groups. Compound 3 was assigned C,oH;507 as the molecular formula :
ncun“espondving to a degree of unsaturation of 11 which indicated that compound 3 possesses *
a f}aVone skeleton. This data indicated that compound 3 was 5-hydroxy—3,7,3’,_4’;
»té't‘rame't.hquﬂavone which is a known compound, by comparison of its '"H-NMR which

- -those rep'orted [55] which was closely matched as shown in Table 10.



Table 10 'H-NMR spectral data lof éompound 3 and 5-hydroxy-3,7,3’,4'-

tetramethoxyflavone

'H-NMR chemical shifts (ppm)
Carbon position | 5-hydroxy -3,7,3",4'- '
tetramethoxyflavone Cempound 3
3 3895 385,
5 12.64,s 12.62, s
6 6.35,d (J=2.5 Hz) 6.31,d (J=2 Hz)
7 3.89,s 3.84,s
8 6.45, d (J=2.5 Hz) 6.40, & (J=2 Hz)
2 7.69-7.85, m 7.64-7.72, m
3’ 3.98,s 3.95,s
4’ 3.98,s 394, s
5 7.0,d (J=9.5 Hz) 6.95, d (J=6 Hz)
6 7.69-7.85, m 7.64-7.72, m
L.




The structure of compound 3 is shown below.

Figure 13 Structure of compound 3

This compound has been reported previously in the stems of Aframomum
igz'gantéun_.? K. Schum. [55] This is the first report of 5-hydroxy-3,7,3",4'-

tetramethoxyflavone in C. oblongifolius Roxb.
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4.3.4 Structure elucidation of compound 4

Compound 4 was isolated from ethylacetate crude extract with 40% EtOAc-
hexane and was recrystalyzed to afford white needle crystals, m.p. 181-182°C. The
structure of compound 4 was elucidated by using spectroscopic tecniques. The data of this
compounds are shown below.

S ‘IR-spectru;m of compound 4 is shown in Fig. 34. The spectrum showed importa'nt
absorption bands at 3400-3100 cm’ ' (O-H stretching vibration of alcohol), 2936, 2910 cm”™’
(CH stretching vibration of -CHj, -CH»), 1466 cm’ (C=C stretching vibration) 1385 and
1340 cm™ (C-H bending vibration of -CHy, -CHs), 1085 and 1045 cm™ (C-O stretching

vibration).
The 'H-NMR spectrum in DMSO (Fig.35) of compound 4 exhibited two methy!
doublets at 1.02, and 0.86 (6H, d, J=8) and two methyl singlets at 1.17 and 0.80 (6H) -
Tl BC-NMR spectrum (Fig. 36) showed 15 signals, DEPT 90 and DEPT 135
K:{expenments (Fig. 37) showed four methyl carbons at 13.94, 22.35, 23.49, and 24.77 ppm,
/tour methylene carbons at 22.22, 28.02, 35.64, and 39.97 ppm, five methine carbons at
| 24.51, 46.42, 49.65, 71.87 and 77.79 ppm which indicated that the carbon signals at 71.77
and 155.91 ppm were quarternary carbons. |
The mass spectrum (Fig. 38) showed a molecular ion peak of m/z 256 as the base
peak_._:;_‘__._T.,}.le ion of m/z 238 (24%) and 220 (16%) were due to loss of H,O .The 1on of m/z
195 .'..('1'5%) was due to loss of CH3CO.
: The above data indicated that compound 4 has 15 carbons, 26 .protons and one
A‘\hydroxy group. The result from mass spectrum suggested that the molecular formula of
compound 4 should be C)si»303. Additionaly, the double bond equalivalent is two, thus ..
compound 4 must consist of two rings and three hydroxy group. These data indicated that
compouﬁdv 4 was pterodontriol D by comparison of its BC.NMR which those reported in

the literature [56] which are shown in Table 11.



~Table 11 ">C-NMR spectral data of compound 4 and Pterodontriol D

’C-NMR chemical shifts (ppm)
Carbon position Compound 4 Pterodontriol D

R 778 793
2 71.9 29.4
3 7138 367
4 49.7 N
5 46.4 47.9
6 40.7 73.1
7 40.3 51.2
8 35.6 23.4
9 28.0 414
10 24.8 415
11 24.0 . 259
12 S 24.5
13 22.4 25.1
4 222 226
15 13.9 14.7

Furthermore, the structure of compound 4 has been confirmed: using X-ray

J diffraction. The single crystal has been obtained in ethyl acetate-mecthanol (1:3) as the
‘sozlv_ent. It was the frist report of X-ray crystallographic analysis but some report have been

made of its derivative which is Pterodontriol D.[56] The ORTEP structure of these

“ compound is shown in Fig. 14 and the X-ray diffraction informations are shown in Table

12 and 13



Figure 14 ORTEP structure of compound 4



Table 12 Crystal data and structure refinement for compound 4

‘\Empirical formula

Formula weight
Temperature

Wavelength

Cr_:yjst'al system, space gréup

* Unit cell dimentions

Volume.

s Ca_iéulated density
Abs.c')rptiOn coefficient

- F(000)

| Theta range for data collecttion
Limiting indices

Reflections collected/unique
Completeness to theta = 30.45
: Réﬁnement method

| Data/restraints/parameters
Goodness-of-fit on F* -

Final R indices [[>2 sigma (I)]
R indices (all date)

Ab_'é'élute structure parameter

Largest diff, peak and hold

Ci5H503

256

293(2) K
0.71073 A
trilinic, P(-1)

a=6.30740 (10) A alpha=60.4990 (10)
b=143112(2) A  beta=87.4051 (10)
¢=14.46990 (10) A  gramma=88.5230 (10)

1135.63 (3) A*

3,1.423 Mg/ A*

0.098 mm’'

516

1.62 to 30.45 deg.

-8<h<8, -19<k<15, -20<1<20
8431/7177 [R(int) = 0.0122]
89.3%

Full-matric least-squares on F?
7177131667

1.003

R1=0.0598, wR2 = 0.1709
R1=0.0716, wR2 = 0.1880
0.6 (10)

0.260 and —0.262 e.A™
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Table:13 Bond angles (deg.) for compound 4

O (1A)-C (8A)-C(7A)

Angles (deg.) Angles (deg.) ,
cahcan 1.539(5)  |C (13)-C ()-C(9) 114.9(2)
RGO} 1.540(d)  |C (14A)-C (4A)-C(5A) | 1093(3)
C(H-C a0 1.550(4)  |C (14A)-C (4A)-C(3A) | 109.1(3)

- [CaAaC@ea) T153305) |C GA)C (GA-CGA) | 109.00)
[CaAYC (11A) [558(7)  |C (14A)-C (4A)-C(9A) | 1154(2)
€ (1A)-C (10A) 1.554(5) _|C (5A)-C (4A)-C(9A) 107.202)
[C(IB)-C 2B) 1528(3) |C (3A)-C (4A)-COA) | 106.7(2)
C(IB)-C (10B) 1563(5) |C (3B)-C @B)-C(GB) | 109.10)
C(B)-C (11B) 1572(6) _|C (3B)-C (4B)-C(14B) | 109.5(2)
cCOCB) 1523(5) |C (3B)-C (B)-C(14B) | 108.7(3)

€ 2A)-C GA) 1531(5) _|C (3B)-C (4B)-C(9B) 107.402)
C2B)}C(B) | 1526() |CGB)C @B)COB) 106.92)
ICB)-CH) 1.535(4) |C (14B)-C (4B)-C(9B) 115.2(2)

C (@)-C (13) 1.539(4) |0 (2)-C (3)-C(6) T1.103)
CGECO) [5683) |0 @)-C 5)-C@H) 110.303)
 [C@AC (14h) 15384) |C 6)-C (G)-C@) 112.203)
- [C(4A)-C (5A) 1.542(4) |0 2A)-C GAC(6A) | 111.803)
C(@A)-C (9A) 1564(8) |0 (2A)-C (3A1-C@AA) | 110.1(3)
C (4B)-C (5B) 1536(4) |C (6A)C (SA)CEA) | 111.703)
C(4B)-C (14B) 1547(4) |0 (2B)-C (5B)-C(6B) T11.203)
C (4B)-C (9B) [.568(3) |0 (2B)-C (5B)-C(4B) 109.5(3)
C5-C Q) 1437(4) |C (6B)-C (3B)-C(4B) 112.603)
C5C® 1517(6) |C (5)-C (6)-C(7) T111.003)
C(5A)-C (2A) [435(4)  |C (GA)C (6A)\C(7A) | 110.8(3)
C(5A)C (6A) 1.517(5) _|C (7B)-C (6B)-C(3B) 110.2(3)
 |C(3B)-C 2B) 14514 |C 6)-C (1)C(®) T 11450)
[C (5B)-C (6B) 1521(5)  |C6AYC (TA)-C(BA) | 1153(3)
C6)-C () 1.530(6) |C (6B)-C (7B)-C(8B) 115.403)
C (6A)-C (7A) [521(6) O (1)-C (8)-C(1d) 108.03)
C(6B)-C (7B) 1517(6) 10 (D-C (8)-C(7) 103.103)
C(-C 8 1535(5)  [C (14)-C (8)-C(7) 113.103)
C(7A)-C (8A) 1538(6) 10 (1)-C (8)-C(9) 108.3(2)
C(7B)-C (8B) 1519(5) |C (04)-C (8)-C(9) 113.903)
C@yC (D) 1459(4) |C (1)-C (8)-C(9) 109.703)
- lc®-cad 1526(5) |0 (1A)C (8A)-C(16A) | 108.3(3)
CC(8)-C(9) 1.557(4) - 103.803)
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Table 13 Continued

€ (5)-C(4)-C(9)

) Angles (deg.) Angles (deg.)
C(8A)-C (1A) | 1.447(4) |C (1_6A)—C (8A)-C(7A) | 112.9(3)
- |C(BA)-C (16A) 1.532(5) |0 (1A)-C (8A)-C(9A) 108.0(2)
_C"(SA)—C (9A) © 1.556(4) |C (16A)-C (8A)-C(9A) 113.9(3)
Ic (8B)-C (3B) 1.449(4) |C (7TA)-C (8A)-C(9A) 109.4(3)
C (SB)-C (16B) 1.538(5) |0 (3B)-C (8B)-C(7B) - ,104.1(3)
C (8B)-C (9B) 1.557(3) |O (3B)-C (8B)-C(16B) 107.6(3)
" IC (9)-C (10) 1.545(3) |C (7B)-C (8B)-C(16B) 113.3(3)
C (9A)-C (10A) 1.551(4) |0 (3B)-C (8B)-C(9B) | 108.2(2)
~ |C (9B)-C (10B) 1.542(4) |C (16B)-C (8B)-C(9B) 113.1(3)
Ca0-C(3) 1.449(3) |C (10)-C (9)-C(8) S 114.02) |
1C(10A)-C (BA) 1.437(4) |C (10)-C (9)-C(4) 111.05(19)
C (10B)-C (1B) 1.447(3) |C(8)-C (9)-C(4) 115.8(2)
Can-c @ 1.522(6) |C (10A)-C (9A)-C(8A) | 113.9(2)
IC(11)-C (12) 1.537(7) |C (10A)-C (9A)-C(4A) | 111.4(2)
C(11A)-C (4A) 1.501(8) |C(8A)-C (9A)-C(4A) 115.7(2)
ca 1A)-C (124) 1.569(9) |C (10B)-C (9B)-C(8B) 115.0(2)
C (11B)-C 4B) 1.533(7) |C (10B)-C (9B)-C(4B). 111.1(2)
C:(11B)-C (12B) 1.556(7) |C (8B)-C (9B)-C(4B) 115.4(2)
C(11)-C (1)-C(2) 114.9(3) |0 (3)-C (10)-C(9) 107.9(2)
- C(2Q)-C (1)-C(10) 107.6(3) |O (3)-C (10)-C(1) 111.2(2)
C"'(ZA)7C (1A)-C(11A) 115.1(4) 1C (9)-C (10)-C(1) - 112.7(2)
C(2A)-C (1A)-C(10A) 107.8(3) |0 (3A)-C (10A)-C(9A) 108.3(2)
C(11A)-C (1A)-C(10A) | 113.1(3) |O(3A)-C (10A)»C(1A) 111.1(3)
C (2B)-C (1B)-C(11B) 107.8(3) |C (9A)-C (10A)-C(1A) | 112.7(2)
C (10B)-C (1B)-C(11B) 115.9(4) 10 (1B)-C (10B)-C(9B) 108.3(2)
C3)-C)»-Ca) - 112.4(3) O (1B)-C (10B)-C(1B) 109.8(3)
SCAD-C (1)-C(2) 112.2(2) |C(9B)-C (10B)-C(1B) 112.9(2)
- [CBA-C 2A)-C(1A) 112.5(3) |0 (4)-C (11)-C(1) 115.2(3)
& "(SB)..-C (2B)-C(1B) 113.8(3) |0 4)-C(11)-C(12) 105.3(4)
i3 (2)-C (3)-C(4) 1123(2) |[C(DH-CaD-C(12) 111.4(5)
{7 (2A)—C (3A)-C(4A) 112.6(3) |0 (4A)-C (11A)-C(1A) 116.0(4)
C (2B)-C (3B)-C(4B) 113.1(3) |0 (4A)-C (11A)-(12A) 107.5(4)
© € (3)-C (4)-C(5) 109.3(2) |C{(1A)-C (11A)-C(12A)| 108.5(6)
C(3)-C (4)-C(13) 108.6(3) O (4B)-C (11B)-C(12B)| 106.7(4)
C(5)-C (4)-C(13) 110.1(3) O 4B)-C (11B)-C(1B) 114.8(4)
C (3)-C (4)-C(9) 106.9(2) C (12B)-C (11B)-C(1B)| 108.6(5)
106.9(2)
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The structure of compound 4 is shown below

Figure 15 Structure of compound 4

-+ From x-ray data indicated compound 4 has the steriochemistry diferent from that
Jeported in the literature [56] at C-1. Additionaly, the optical rotation data of compound 4

~ is-4.2 but pterodontriol D is +0.4. Therefore, compound 4 is a new isomer of pterodontriol
s
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4.3.5 Struecture elucidation of mixture 5

Mixture 5 is white amorphous solid, m.p. 273-275°C. The structure of mixture § N
was elucidated by using spectroscopic techniques. The data of this compounds are shown.
"_below.

- IR-spectrum of mixture 5 is shown in Fig. 39. The 'spectrum_ showed impénaﬁt |
* absorption bands at 3600-3200 cm™ (O-H stretching vibration of alcohol), 2933, 2867 cm’!
(C-H stretching vibration of -CHs, -CH,), 1729 em™ (C=C stretching vibration of olefin) _
1385 and 1340 cm” (C-H bending vibration of -CH,, -CH3), 1075-1024 ecm™ (C-O
- stretching. vibration of OH group of sugar) and 886 cm™ (C-H bending vibration of
aﬁo,meric axial proton of 3-sugar) and 798, 667 em” (C-H out of plane bending vibration of
trisubstituted vinyl).
\ _ The 'H-NMR spectrumk in DMSO (Fig. 40) of mixture 5 showed the signals at 0.64-
~ 2.37 ppm; which were the signals of methyl, methylene, and methine groups of steroids
j (-CH_3 . -CH, ; -CH respectively). The multiplet signals at 2.87-3.04 ppm were assigned to
the protons of a sugar. The proton on carbon which is attached to sugar (-CH-O-sugar)
apbeared as the multiplet signal at 4.2] ppm. and the signals at 4.48 ppm belonged to the
»anérheri_c proton. The multiplet signal at 4.90 ppm was assigned as disubstituted vinyl
~protons (-CH=CH-). The last signal at 5.30 ppm was the signal of trisubstituted vinyl
A pl‘é)ton (-CH=C-).
‘ ~ The PC-NMR spectrum ( Fig. 41) showed carbon signals at 11.6-56.1 ppm which
wéré the signals of CH;,CH,,CH of steroid. The olefinic carbon signals were observed at
il 101 2 128.5, 138.1 and 140.4 ppm, while the signal at 61.0,70.0,73.4,76.7,76.9 and 100.7
i - ppm- were characteristic for a glycoside. The BC-NMR spectrum of the aglycone
\ corréspounded to those of a mixture of campesterol, stigmasterol and B-sitosterol. '°C-
NMR spectrum of mixture 5 in the region of 60-100 ppm suggésted that 1t is probably

: glt}cbse by comparison with those in the literature [57] and the data are shown in Table 14.




Table 14 Partial “C-NMR

glucopyranoside
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spectrum of sugar in mixture 5. with steroid 3-O-B-D-

e Steroid-3-0-p -D-
Carbon position Mixturf; 5 glucopyranoside
Tl 100.69 100.74
‘ ' :_- c2 734 73.43
3 76.92 76.93
C.a 70.04 70.06
o C-5 76.65 76.69
C-6 61.03 61.05

The mass spectrum (Fig. 42) showed the molecular ion peaks of campesterol,

stigmasterol, and B-sitosierol of m/z 412 (CyoHygO) and 414 (Ca9HsqO), respectively. The

fragmentation 1on mass spectrum pattern of this mixture indicated that it was a mixture of

steroids. The above results of 'H-NMR, *C-NMR, EI-MS spectra and. a literature search

indicated that mixture 5 was a mixture of steroid glucoside; campesteryl-3-O-B-D-

slucopyranoside, stigmasteryl-3-O-B-D-glucopyranoside, and pB-sitosteryl-3-0-p-D-

glucopyranoside. The structure of mixture 5 is shown in Fig. 45.
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Figure 16 Structure of mixture 5



44 Inhibitory activities crude extracts on cAMP phosphodiesterase
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_ The in vitro activity of the three crude extracts from C. oblongifolius were tested fo:_f

 their cAMP phosphodiesterase inhibition by using malachite green method. The results are

shown in Table 15.

Table 15 Inhibitory activities of three crude extracts from C. oblongifolius Roxb.

Sample Concentration (ug) OD* Specific activity** [ %Inhibition
“DMSO — 30350 0213 0
' 5 361.20 0.253 0
Theophylline 50 33.67 0.024 88.73
i 500 16.00 0.011 - 94 84
Hexane crude 5 160.67 53.05 46.95
- extract 50 157.75 52.11 47.89
500 132 43.66 56.34
Ethylacetate 5 312.50 69.95 30.05
:criide. 50 132.00 43.66 56.34
extract 500 13525 38.03 61.97
Methanol 5 112.33 37.09 62.91
crude 50 71.40 23.47 76.53
extract 500 62.00 20.19 79.81

*0D (Optical density)= ODsample-ODblank
#Specific activity=[(0.2xOD)YODp]x15/200

From the data in Table 15. The 1Csy values of three crude extract were determined

by graph plotting between concentration of sample (x-axis) and % Inhibition (y-axis). To

determine 1Csp value, a perpendicular line was drown from the y-axis at the % inhibition

value of 50 to the x-axis as shown in Fig. 17.
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Figure 17 Effects of crude extracts on cAMP phosphodiestérase

‘ The result indicated that three crude extracts of C. oblongifolius showed significant
'mlﬁbitory on cAMP phosphodiesterase. The ethyl acetate and methanol crude extract
éhowed high inhibitory activities. The ICsp of hexane, ethyl acetvate, and methanol crude
extracts are 250, 30 and less than 5 pg, repectively. Methanol crude extract was insoluble
"in all organic solvents. Consequently it was not suiTable to separate and purify using silica-
gel. column chromatography. Hexane and ethyl acetate crude extract were selected and
purified by using silica-gel column chromatography with hexane-ethyl acetate gradient
solvént system to give four compounds and one mixture. The inhibitory activity of

- compounds is shown in Table 16 and the ICsp of compounds is shown ini Fig. 18.



" Table 16 Inhibitory activities of compound
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1-5 from C. oblongifolius on cyclic AMP

g (5)

phosphodiesterase
Sample Concentration (ug) OD* Speciﬁ_c activity** %Inhibition_- '
~ DMSO - 29530 0.103 0

107 24882 0.09 15.55
Theophylline 107 197.34 0.07 33.01
| 107 82.94 0.03 71.84
107 177.32 0.06 395
Ledol (1) 10 154.44 0.05 4737
| 10° 117.26 0.04 60.53
S-hydroxy-3,7,4'- 107 185.90 0.07 36.89
| trimethoxyflavone 10* 154.44 0.05 47.57
) 107 28.60 0.01 90.29
| S-hydroxy-3.7,3",4'- 107 160.16 0.06 4563
“tetramethoxyflavone 10 122.98 0.04 58.25
‘ O 10° 114.4 0.04 61.17
== 107 217.36 0.08 2621
| {(-)Pterodontriol D 10 188.76 0.07 35.92 .
| (4) 107 183.04 0.06 37.06
i 107 254.54 0.09 13.59
| Glucopyranoside 107 243.10 0.08 17.48
107 185.9 0.07 36.89

*OD (Optical density)= ODsample-ODblank
#*Specific activity={(0.2x0OD)/ODpi]x15/200
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 The 1Cs¢ values (Fig. 18) of theophylline and isolated compounds are summarized

- in Table 17.

Table 17 ICsy values of compounds 1-5 and positive control

ojee [Cso(mM)
Theophylline 0.5
Ledol (1) 0.4
5-hydroxy-3,7,4'-trimethoxyflavone {(2) 0.}
S-hydroxy-3,7,3,4’-tetramethoxyflavone (3) O..O4
(-)Pterodontriol D (4) >1
Glucopyranoside (5) >

) The Table 17 indicated that ledol (1), 5-hydroxy-3,7,4’-trimethoxyflavone (2) and

. S-hydroxy-3,7,3",4'-tetramethoxy (3) exhibited high inhibitory activity égainst cAMP

phosphodiesterase, with ICsq of 0.40, 0.10 and 0.04 mM, repectively. These results
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indicated that ledol (1), 5-hydroxy-3,7,4'-trimethoxyflavone (2) and 5-hydroxy-3,7,3" 4~
tetramethoxyﬂavone (3) can stimulated central nervous system. Therefore these

compounds are potential candidates to be developed as new drugs in the future.



CHAPTER V

CONCLUSION

© The powdered, sun-dried stem of C. oblongifolius Roxb. from Amphoe Tha-

~ Uthen, Nakhonphanom province was extracted with hexane, ethyl acetate and methanol,

- respectively. Three different crude extracts and their bioactivities are shown in Table 18.

| Table 18 Three different crude extracts and their ICsy values ’

Starting material '
Sample 1Cso (ng/ml)
(% wt/wt)
Hexane crude extract 2.38 250
Ethyl acetate crude extract 3.62 30
Methanol crude extract 3.79 <3

Hexane crude extracted was separated using silica-gel column chromatography
withihexane—ethyl acetate gradient system to obtained ledol {(compound 1), 5-hydroxy-
3,7,4’—trimethoxyflavone (compound 2) and 5-hydroxy-3,7,3".4'-tetramethoxyflavone |
\(comﬂpound 3).

Ethyl acetate crude extracted of C. oblongifolius was separated on silica-gel

- .column chromatography. To obtain a sesquiterpene (compound 4) and a mixture of three

steroid glycosides: campesteryl-3-O-B-D-glucopyranoside, stigmasteryl-3-0-B-D-

: ?glucbpymnoside and P-sitosteryi-3-O-3-D-glucopyranoside (compound 5).

‘Al isolated compounds from hexane and ethyl acetate crude extracts and the ICs

-values of these compounds are shown in Table 19.

Compounds 1-5 were tested for the inhibition of adenosine 3'.5'-cAMP

monbphOSphate phosphodiesterase (PDE) and found that only compounds 1-3 were active

../with'th‘e 1Csp at 0.4, 0.1 and 0.04 mM, respectively.



Table 19 Isolated compounds from the stem bark of C. oblongifolius and inhibitorf

activity on cAMP phosphodiesterase

i | Yo wt/wt.
ompound Name of compounds Structure of crude ICs0
No extract (mM)
1 ledol 0.13 04
5- hydroxy -3,7.4'-
£ 2 trimethoxyflavone CHO 2.91 0.1
e
l : OCH;
= 3 5-hydroxy-3,7.3' 4'- 1.13 0.04
tetramethoxyflavone
|
1
4. (-) Pterodontriol D 1.0 >1




Table 19 Continued
%
. . ) wtiwt | ’
Compound | Name of Structure or | 1Cso
No compounds ©crude | (mM).
extract 3
5 campesteryl
-3-0O-B-D-
glucopyranoside 0.63 |>]
5 0H
o o}
HO
OH
stigmasteryl
-3-0-B-D-
glucopyranoside OCHIOH .
HO
OH
B-sitosteryl-3-O-
B-D-glucopy o
: HO~ 0
ranoside. Ho
Ot
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