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CHAPTER |

INTRODUCTION

Harpullia is one of the genera of the Sapindaceae, a family which
consists of about 140 genera and 1,350 species worldwide (Van Welzen, 1999).
Plants in this genus are found from Sri Lanka and India through Southeast China and
Southeast Asia to Northeast and East Australia, New Caledonia, Tonga (Van Welzen,
1999) and also in Madagascar (Chopra, Badhwar, and Ghosh, 1965). The

characteristic features of the plants are as follows.

Shrubs to trees, dioecious. [ndumentum of simple and stellately bundled
hairs. Leaves paripinnate. Leaflets smooth underneath; base symmetrical to oblique;
margin entire; domatia absent; nerves looped and joined near the margin, venation
coarsely reticulate. Inflorescences axillary to terminal and solitary or tufted and rami/
cauliflorous, thyrsoid, at most laxly branching, pilose. Flowers unisexual,
actinomorphic. Sepals 5, free, imbricate, outer 2 usually smaller. Petals 5, larger than
sepals, without,ornamentation (then fleshy) or with-2-auricles (thin). Disc annular,
pilose (Thailand). Stamens 5 -8, glabrous. Ovary sessile or short-stalked, 2-locular
(Thailand), hairy; stigma not lobed; often bent and hooked; ovules 1:or 2 per locule.
Fruits capsular, loculicidal, usually short-stipitate, smooth, lobed; lobes spreading,
inflated, rounded; wall parchment-like to woody, glabrous to hairy on both sides.
Seeds ellipsoid, with a basal sarcotestal ring or arilloid completely covering seed, but

lower part sarcotestal and upper part free; hilum small (Van Welzen, 1999).



According to the Index Kewensis, 48 species of Harpullia have been

recorded as follows.

1. Harpullia aeruginosa Radlk.

2. H. alata F. Muell.

3. H. angustialata C. T.

4. H. angustifolia Radlk.

5. H. arborea Radlk.

6. H. austrocaledonica Baill.

7. H. camptoneura Radlk.

8. H. cauliflora K. Schum. & Lauterb.
9. H. cochinchinensis Pierre.

10. H. condorensis Pierre.

11. H. crustacea Radlk.

12. H. cupanioides Roxb.

13. H. divaricata Radlk.

14. H. fraxinifolia Blume

15. H. frutescens F. M. Bailey

16. H. fruticosa Blume

17. H. fosteri Sprague

18. H. glanduligera Radlk.

19. H. hilli F. Muell.

20. H. hirsuta Radlk.

21. H. holoptera Radlk.

22. H. largifolia Radlk.

23. H. leichhardtii F. Muell ex Benth.
24. H. leptococca Radlk.

25. H. longithyrsifera Kanehira & Hatusima
26. H. macrocalyx Radlk.



27. H. madagascariensis Radlk.
28. H. marginata Radlk.
29. H. mellea Lauterb.

30. H. multiuga Radlk.

31. H. myrmecophila Merrill & Perry
32. H. obscura Radlk.

33. H. oococca Radlk.

34. H. parviflora Lecomte
35. H. pedicellaris Radlk.
36. H. peekeliana Melch.
37. H. pendula Planch.

38. H. petiolaris Radlk.

39. H. ramiflora Radlk.

40. H. reticulata Radlk.

41. H. rhachiptera Radlk.
42. H. rhyticarpa C. T.

43. H. sphaeroloba Radlk.
44. H. thanatophora Blume
45. H. tomentosa Ridley
46. H. vaga Merrill & Perry
47. H. weinlandii-K. Schum.
48. H. zanguebarica Radlk.

In Thailand, only two species of Harpullia could be found as listed below (ﬂiil‘ﬂﬂﬁ,

dninairmsth s, drungnumansthldl, 2544).

1. Harpullia arborea (Blanco) Radlk.



n3z11Un@A3 kra pok ling (Saraburi), ¥#%9vzgy Mang kha ui,

vou'lnans Hom Klai dong, #NuUNY Hang kaen (Sukhothai)
2. Harpullia cupanioides Roxb.

YNV khang khao (Phrae), wsnih Phrik pa (Chon Buri),

neoulnag Ngon kai dong (Surat Thani)

Harpullia arborea (Blanco) Radlk. is an evergreen tree which can grow up to 33 m.
The stem bark is cream or grey, smooth or slightly wrinkled. The leaves are pinnate with 2 —
6 pairs of leaflets, which are 3.0 — 5.5 x 2 — 10 cm., narrowly ovate or elliptic with tapering or
slightly pointed tips and asymmetric base. Young shoots are densely golden - brown hairy
and the mature leaves are nearly smooth to densely hairy, usually with scattered
brown hairs at least on midvein above. The leaflet stalks are 0.3 -0.8 cm. and the main
stalk 7 — 12 cm. The inflorescences are up to 35 cm. long, in leaf axils or behind leaves
on old twigs. The flowers are white to yellow green, up to more than 1 cm. wide, with red —
brown hairy stalk. The sepals are ovate to obovate, 5 — 10.5 x 3 — 5 mm., light green. The
petals are free, obovate, membranous; 5 mm. long or longer, white to light yellow, clawed;
with auricles, usually hairy especially along margin.  The number of stamens is 5(- 7). The
filaments are 10 — 17 mm. long, light green; the anthers are 2 — 2.5 mm. long, light orange.
The pistil has 2 — 4 styles with minute stigmas and hairy disc. The fruits are bright orange —
red, leathery, deeply lobed (lobes are-broader than high), usually without calyx, splitting into
2 sections each containing 2(1) glossy black seeds with fleshy orange ring at base (Van

Welzen, 1999; Gardner, Sidisunthorn, and-Anusamsunthorn, 2000).

The plant can be found in Sri Lanka, India; from Thailand-Vietnam to Java, the
Philippines, Australia and the Pacific (Tonga and Samoa) (Quisumbing, 1951; Backer and Van
der brink Jr, 1965; Van Welzen, 1999). It is usually found growing in well-drained evergreen to
deciduous forest; also found on ridges, slopes and plains, in rarities and sometimes along or

in swamps, on river banks or coasts (Van Welzen, 1999).



Traditional uses of this plant have been recorded. The watery exudate of the bark,
and sometimes the fruits, is used for washing, to keep away leeches, or is drunk to allay pain.
The bark is also used as fish poison. The oil from the seeds has been used as anti-rheumatic

(Van Welzen, 1999).

Of 48 Harpullia species, six species have been phytochemically investigated and a
variety of compounds, including triterpenoids, flavonoids, steroids and miscellaneous
substances have been found as their constituents. Some extracts of these plants have also

been subjected to biological investigation and found to exert interesting bioactivities.

As two Harpullia species found in Thailand, H. cupanioides is one of those six
species with previous reports on phytochemical study while such study of the other species,
H. arborea, has never been documented. This study deals with the isolation and identification
of chemical constituents from the leaves of H. arborea. The result obtained would contribute
to the knowledge on chemical nature of the genus Harpullia, and provide useful information in

the field of phytochemistry and chemotaxonomy.
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Figure 1. Harpullia arborea (Van Welzen, 1999



CHAPTER II

HISTORICAL

1. The Family Sapindaceae and Its Species in Thailand.

The family Sapindaceae, the name of which refers to the traditional use as
soap of several of its species, is a large family of about 140 genera and 1,350 species
found widespread in all tropical and subtropical regions of the world. The family belongs
to the order Sapindales and is subdivided into 2 subfamilies, which are Sapindoideae

(with 8 tribes) and Dodonoideae (with 5 tribes) (Van Welzen, 1999).

Plants in this family are shrubs or trees, occasionally lianas. The leaves are
alternate or spirally arranged, usually paripinnate, estipulate (except in Cardiospermum).
The leaflets are usually with asymmetric base and entire margin; the lower surface is often
with papillae, domatia or glands. The inflorescences are usually axillary, thyrsoid. The
flowers are usually zygomorphic, inconspicious, typically with 5 sepals and 5 free petals
(rarely name); the petals are often smaller than sepals and usually with 1 or 2 having
scales at base. The disc is usually an entire ring, sometimes interrupted or divided into
separate glands. The number of stamens is. 5 — 8; the filaments are free. The ovary is
superior, usually 2- or 3-locular, smooth or tuberculate, with 1 or sometimes 2 ovules per
locule; the stigma may or may not be lobed. Many species have both bisexual and male
only flowers, either in the same cluster or on different trees. The fruits are very variable,
but usually leathery capsules or drupes, lobes or not, smooth, warty or with short to long

spines. The seeds are often surrounded by an arilloid (Van Welzen, 1999).



In Thailand, 23 genera and 45 species of sapindaceous plants can be found as

follows (Van Welzen,1999; nsuth'l3f, dnindinasthldl, drungnuenansih’lyl, 2544).

1. Allophylus
A. cobbe (L.) Raeusch. -ao'ld
2. Amesiodendron
A. chinense (Merr.) : 154
3. Arfeuillea
A. arborescens Pierre : A3A 0N
4. Arytera
A. litoralis - Blume : @l
5. Cardiospermum
C. halicacabum L. : lannszoou
6. Dimocarpus
D. fumatus (Blume) subsp. fumatus Leenh. : zdle
subsp. indochinensis Leenh. : 11zdn e
D. longan Lour. subsp. longan var. longan Leenh. 'y
subsp. longan var. obtusus (Pierre) Leenh. - lemse
subsp. malesianus Leenh. var. malesianus Leenh. :

1AL

7. Dodonaea

D. viscosa Jacq. :ﬁlgmﬁma
8. Filicium

F. decipiens (W.& A.) Thwaites & Hooker :mut?‘?&u
9. Ganophyllum

G. falcatum Blume : @gIA1LA4
10. Glenniea

G. philippinensis (Radlk.) Leenh. - d'lewlaadud
11. Guioa

G. bijuga (Hiern) Radlk. : duaaunuiln

G. diplopetala (Hassk.) Radlk. : Fudaununaed



12. Harpullia

H. arborea (Blanco) Radlk. : vow'lnana

H. cupanioides Roxb. : #aaulnad
13. Lepisanthes

L. ferruginea (Radlk.) Leenh.

L. fruticosa (Roxb.) Leenh. : ugided

L. rubiginosa (Roxb.) Leenh. : yzHIa

L. senegalensis (Poir.) Leenh. 1111099

L. tetraphylla (Vahl) Radlk. : weiledina
14. Lichi

L. chinensis Sonn. subsp. chinensis Leenh.: é’u?]‘
15. Mischocarpus

M. pentapetalus (Roxb.) Radlk. : WESIRR

M. sundaicus Blume : 1NN
16. Nephelium

N. cuspidatum Blume : Wgth
hypoleucum - Kurz : faual
lappaceum L. : 1%

laurinum Blume

maingayi Hien in Hook. F. : wzih

z z z z 2

melliferum Gagnep. : AdLAU

N. ramboutan-ake (Labill.) Leenh. : msmuﬁgu
17. Paranephelium

P. ‘macrophyllum King & ¥

P. spirei Lec.

P. xestophyllum Miq. : d1le1h
18. Pometia

P. pinnata J. R. & G. : Lmﬂﬁz

P. ridleyi King ex Radlk. : @1¥
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19. Sapindus
S. rarak DC. : ugf1@ne
20. Schleichera
S. oleosa (Lour.) Oken - azAde
21. Sisyrolepis
S. muricata (Pierre) Leenh. : RV ATREY
22. Xerospermum
X. laevigatum Radlk. subsp. laevigatum Leenh. : fouau
X. noronhianum (Blume) Blume : aguau
23. Zollingeria

£4
Z. dongnaiensis Pierre : VHUOU

2. Chemical Constituents of Plants in the Family Sapindaceae

The family Sapindaceae is a well-known source of triterpenoid saponins which are
linked to the traditional use as soap of plants in the family. Besides triterpenoids, other
chemical constituents found in this family include flavonoids, sesquiterpenoids,
diterpenoids, steroids and miscellaneous substances. The most prevalent group of

compounds are the triterpenoids, of which occurrence in Sapindaceae is reviewed here.

Triterpenoids of the Sapindaceae

Triterpenoids can be found widespread in plants of the family Sapindaceae.
These compounds isolated so far belong to the pentacyclic oleanane, lupane and hopane
types, together with the tetracyclic cycloartane and tirucallane types. The most abundant
type is the oleananes which include more than 90% of all triterpenoids isolated from the
plants. The distribution of triterpenoids in the family Sapindaceae is summerized in

Table 1.
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Table 1. Distribution of triterpenoids in the family Sapindaceae

Compounds Sources References
1. Oleanane type
Oleanolic acid (1) Xanthoceras sorbifolia Ma et al., 2000
Emarginatoside B (2) Sapindus emarginatus Gupta and Ahmed, 1990
Emarginatoside C (3) Sapindus emarginatus Gupta and Ahmed, 1990
Hishoushisaponin A (4) Sapindus  delavayi Nakayama et al., 1986

Sapindus mukurossi

3-O-p-D-Xylopyranosyl-(1—3)-a-L-rhamnopyranosyl-(1-2)- a- Sapindus delavayi Nakayama et al., 1986
L-arabinopyranosy! oleanolic acid (5) Sapindus mukurossi
3-O-[#D-Glucopyranosyl-(1—4)-[a-L-rhamnopyranosyl-(1-52)]- e- = | Serjania salzmanniana Ekabo and Farnsworth., 1996

L-arabinopyranosyl] olenolic acid (6)




Table 1. Distribution of triterpenoids in the family Sapindaceae (continued)
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Compounds

Sources

References

Hederagenin (7)

3-O-a-L-Arabinopyranosyl hederagenin (8)

3-O-pD-Xlopyranosyl-(1—3)-a-L-arabinopyranosyl hederagenin
9)

3-O-p-D-Gucopyranosyl-(1—-4)-a-L-arabinopyranosyl hederagenin
(10)

Pometia eximia
Sapindus delavayi
Sapindus emarginatus

Sapindus mukurossi

Lepisanthes rubiginosa
Pometia eximia
Sapindus emarginatus

Thinouia coriacea

Pometia eximia

Thinouia coriacea

Nakayama et al., 1986;
Jayasinghe et /., 1995;

Kanchanapoom, Kasai, and Yamasaki,

2001
Schenkel, Werner, and Schulte 1991;
Jayasinghe et al., 1995;

Adesanya ef al., 1999;

Kanchanapoom et al., 2001

Jayasinghe et al., 1995

Schenkel et al., 1991




Table 1. Distribution of triterpenoids in the family Sapindaceae (continued)
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Compounds

Sources

References

Sapindoside A (11)

Saponin A (12)

Elattostachys apetala
Lecaniodiscus cupanioides
Lepisanthes rubiginosa
Sapindus delavayi
Sapindus mukurossi
Sapindus trifoliatus

Thinouia coriacea

Elattostachys apetala
Lecaniodiscus cupanioides
Lepisanthes rubiginosa
Sapindus delavayi
Sapindus mukurossi

Sapindus trifoliatus

Encarnacion et al., 1981,

Nakayama ef al., 1986;

Tamura, Mizutani, and Yamamota, 1990;
Schenkel et al., 1991;

Adesanya ef al., 1999;

Lavaud et al., 2001

Encarnacion et al.,1981;

Kasai et al., 1986;

Nakayama et al., 1986;

Kasai ef al., 1988; Tamura et al., 1990;
Tamura et al., 1990;

Adesanya et al., 1999;

Lavaud ef al., 2001




Table 1. Distribution of triterpenoids in the family Sapindaceae (continued)
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Compounds

Sources

References

Saponin C (13)

3-0O-pD-Glucopyranosyl-(1-3)-a-L-rhamnopyranosyl-(1-2)- a-

L-arabinopyranosyl hederagenin (14)

Sapinoside B (15)

Lecaniodiscus cupanioides
Sapindus delavayi
Sapindus mukurossi

Sapindus trifoliatus

Lepisanthes rubiginosa

Thinouia coriacea

Elattostachys apetala
Lecaniodiscus cupanioides
Sapindus emarginatus
Sapindus delavayi
Sapindus- mukurossi

Sapindus trifolia

Encanacion ef al., 1981;
Kasai et al., 1986;
Nakayama ef al., 1986;
Kasai et al., 1988;

Tamura et al., 1990

Schenkel et al., 1991;
Adesanya ef al., 1999

Encarnacion et al., 1981,
Nakayama et al., 1986;
Kasai et al., 1986;

Kasai et al., 1988;

Tamura et al., 1990;

Kanchanapoom et al., 2001;

Lavaud et al., 2001




Table 1. Distribution of triterpenoids in the family Sapindaceae (continued)

Compounds Sources References
Pulsatilla saponin D (16) Serjania salzmanniana Schenkel et al., 1991;
Thinouia coriacea Ekabo and Farnsworth., 1996
Hishoushi-saponin Ee (17) Sapindus delavayi Nakayama et al., 1986

Sapindus mukurossi

Mukurozi-saponin E, (18) Sapindus emarginatus Nakayama et al., 1986;

Sapindus  delavayi Kanchanapoom et al., 2001

Sapindus mukurossi

Mukurozi-saponin G (19) Sapindus delavayi Nakayama et al., 1986

Sapindus mukurossi

Pometia eximia

3-O-[a-L-Arabinofuranosyl-(1—-3)-[a-L-rhamnopyranosyl-(1-2)]- 3- Jayasinghe et al., 1995

L-arabinopyranosyl] hederagenin (20)




Table 1. Distribution of triterpenoids in the family Sapindaceae (continued)
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Compounds Sources References
3-O-[#D-Xylopyranosyl-(1-3)-[a-L-rhamnopyranosyl-(1—-2)]- a-L- | Pometia eximia Jayasinghe et al., 1995
Arabinopyranosyl] hederagenin (21)
3-O-[pD-Galactopyranosyl-(1-3)-[a-L-rhamnopyranosyl-(1-—2)]- g | Pometia eximia Jayasinghe et al., 1995
-D-gluconopyranosyl] hederagenin (22)
3-O-[p-D-Xylopyranosyl-(1—3)-[a-L-rhamnopyranosyl-(1-2)]- g-D- | Pometia eximia Jayasinghe et al., 1995
glucopyranosyl] hederagenin (23)
3-O-[#-D-Apiosyl-(1—3)-[a-L-rhamnopyranosyl-(1-2)]- 4-D- Pometia eximia Jayasinghe et al., 1995
glucopyranosyl] hederagenin (24)
3-O-[a-L-Arabinofuranosyl-(1—3)-[a-L-thamnopyranosyl-(1—2)]- - | Pometia_eximia Jayasinghe et al., 1995
D-xylopyranosyl] hederagenin (25)

Thinouia coriacea Schenkel et al., 1991

3-O-[#D-Xylopyranosyl-(1-3)-a-L.-rhamnopyranosyl-(1-2)- [3-D-
glucopyranosyl-(1-4)]-a-L-arabinopyranosyl] hederagenin (26)




Table 1. Distribution of triterpenoids in the family Sapindaceae (continued)
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Compounds

Sources

References

3-O-[#D-Glucopyranosyl-(1—3)-a-L-rhamnopyranosyl-(1—-2)- [ 8-
D-glucopyranosyl-(1-4)]-a-L-arabinopyranosyl] hederagenin (27)

Salzmannianoside B (28)

28-0-4-D-Apiosyl-(1-2)-#-D-glucopyranosyl hederagenin (29)

3-O-a-L-Rhamnopyranosyl-(1—2)-« -L-arabinopyranosy!-

hederagenin-28-O-4-D-glucopyranosyl-(1—2)-3-D-glucopyranosyl

ester (30)

3-O-[a-L.-Rhamnopyranosyl-(1-2)-a -L-arabinopyranosyl]- 35,23-

dihydroxyolean-12-en-28-oic acid 28-O-[«-L-rhamnopyranosyl-(1—

2)-B -D-glucopyranosyl ester (31)

Thinouia coriacea

Serjania salzmanniana

Pometia eximia

Lepisanthes rubiginosa

Elattostachys apetala

Schenkel et al., 1991

Ekabo and Farnsworth, 1996

Jayasinghe et al., 1995

Adesanya et al., 1999

Lavaud et al., 2001




Table 1. Distribution of triterpenoids in the family Sapindaceae (continued)
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Compounds

Sources

References

Mukurozi-saponin X (32)

Mukurozi-saponin Y, (33)

Mukurozi-saponin Y, (34)

3-O-[#D-Xylopyranosyl-(1-3)-a -L-rhamnopyranosyl]-(1—2)-a -L-
arabinopyranosyl]-34,23-dihydroxyolean-12-en-28-oic acid-28-0-
[a-L-rhamnopyranosyl-(1—2)-B-D-glucopyranosyl] ester - (35)

Sapindus delavayi

Sapindus mukurossi
Lepisanthes rubiginosa
Sapindus delavayi

Sapindus mukurossi

Sapindus delavayi

Sapindus mukurossi

Elattostachys apetala

Kasai et al., 1986;

Nakayama et al., 1986

Nakayama et al., 1986;

Adesanya ef al., 1999

Nakayama ef al., 1986

Lavaud et al., 2001
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Table 1. Distribution of triterpenoids in the family Sapindaceae (continued)

Compounds Sources References

3-O-[#D-Xylopyranosyl-(1-3)-a -L-rhamnopyranosyl]-(1—2)-a -L- Elattostachys apetala Lavaud et al., 2001
arabinopyranosyl]-34,23-dihydroxyolean-12-en-28-oic acid-28-0-
[a-L-rhamnopyranosyl-(1—6)-B-D-glucopyranosyl]-g-D-

glucopyranosyl ester (36)

Sapindoside E (37) Sapindus mukurossi Ahmad and Rahman, 1994

3-O-{a-L-Rhamnopyranosyl-(1—2)-« -L-arabinopyranosyl]- 33,23- Elattostachys apetala Lavaud et al., 2001
29-trihydroxyolean-12-en-28-oic acid 28-O-[#D-glucopyranosyl-
(1-2)-{p-D-glucopyranosyl-(1-6)]- g#-D-glucopyranosyl] ester
(38)

3-O-[#D-Xylopyranosyl-(1—3)-a -L-rhamnopyranosyl]«(1-2)-a-L- | Elattostachys apetala Lavaud et al., 2001
arabinopyranosyl]-34,23-dihydroxyolean-12-en-28-qic acid-28-0-

La-L-rhamnopyranosyl-(1—2)-8-D-glucopyranosyl] ester (39)




Table 1. Distribution of triterpenoids in the family Sapindaceae (continued)
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Compounds

Sources

References

213,22a-0O-diangeloyl-camelliagenin D (40)

Gypsogenin (41)

Salzmannianoside A (42)

22 a-Hydroxyerythrodiol (43)

Camelliagenin A (44)

16-0O-(3-Methyl-2-butenoyl)-camelliagenin A (45)

Harpullia austro-caledonica

Harpullia cupanioides

Serjania salzmanniana

Harpullia pendula

Harpullia cupanioides

Harpullia pendula

Majidea fosteri

Harpullia _cupanioides

lto et al., 1967;

Voutquenne et al., 2002

Gedeon and Kincl, 1957

Ekabo and Farnsworth., 1996

Tori et al., 1974;
Khong and Lewis, 1976

Khong and Lewis, 1976;
Asmahan et al., 1989

Khong and Lewis, 1976




Table 1. Distribution of triterpenoids in the family Sapindaceae (continued)
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Compounds Sources References
16-B,4-D-dimethylacryloyl camelliagenin A (46) Harpullia cupanioides Dimbi et al., 1983
16-0O-Angeloyl camelliagenin A (47) Harpullia pendula Khong and Lewis, 1976
22-(3-Methyl-2-butenoyl) camelliagenin A (48) Harpullia “cupanioides Khong and Lewis, 1976
22-B,-Dimethylacryloyl camelliagenin A (49) Harpullia  cupanioides Dimbi et al., 1983
22-0-Angeloyl camelliagenin A (50) Harpullia cupanioides Sandoval et al., 1957;

Harpullia pendula Khong and Lewis, 1976
3-0-p-D-Galactopyranosyl-(1-2)-[a-L-rhamnopyranosyl-(1—3)]-p | Harpullia  cupanioides Voutquenne et al., 1998

D-glucuronopyranosyl-16-O-8, g-dimethylacryloyl-camelliagenin A
(51)




Table 1. Distribution of triterpenoids in the family Sapindaceae (continued)
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Compounds

Sources

References

218,22 a-O-Diangeloyl barringenol C (52)

A1-Barringenol (53)

22-0O-Angeloyl A1-barringenol (54)

21,22-Di-O-angeloyl-barringenol (55)

22p,Dimethyl acryloyl barringenol (56)

Dodonaea viscosa

Harpullia austrocaledonica

Harpullia cupanioides
Harpullia pendula

Majidea fosteri

Harpullia pendula

Dodonaea viscose

Xanthoceras sorbifolia

Harpullia -cupanioides

Ahmad and Rahman, 1994;
Tuntiwachwuttikul et al., 1997;

Voutquenne et al., 2002

Khong and Lewis, 1976;
Cherry, Khong, and Lewis, 1977;

Asmahan, Jacques, and Clement, 1989

Shamma, Glick, and Mumma, 1962;

lto et al., 1967

Chen, Takeda, and Ogihara, 1985;
Ahmad and Rahman, 1994

Dimbi et al., 1983




Table 1. Distribution of triterpenoids in the family Sapindaceae (continued)
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Compounds Sources References
3-0O-p-D-Glucopyranosyl-(1—2)-[a-L-rhamnopyranosyl-(1—3)]-#D- | Harpullia cupanioides Voutquenne et al., 1998
glucuronopyranosyl-22-O-angeloyl-A1-barringenol (57)
3-0O-pD-Glucopyranosyl-(1-2)-[ a-L-rhamnopyranosyl-(1-3)]-3- Harpullia cupanioides Voutquenne et al., 1998
D-glucopyranosyl]-28-O-angeloyl-camelliagenin A (58)
3-O-p-D-Glucopyranosyl-(1—2)-[ a-L-rhamnopyranosyl-(1—3)]-p- | Harpullia cupanioides Voutquenne et al., 1998
D-glucopyranosyl]-28-O-angeloyl-A1-barringenol (59)
3-0O-p-D-Galactopyranosyl-(1—2)-[ a-L-rhamnopyranosyl-(1—3)]-g | Harpullia cupanioides Voutquenne et al., 1998
-D-glucopyranosyl]-28-O-angeloyl-A1-barringenol (60)

Jegosapogenol (61) Harpullia _cupanioides Asmahan et al., 1989

Harpullone (62)

Majidea fosteri

Harpullia” pendula

Cherry et al., 1977




Table 1. Distribution of triterpenoids in the family Sapindaceae (continued)
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Compounds

Sources

References

Protoescigenin (63)

213,22a-O-Diangeloyl-protoaescigenin (64)

Harpulloside (65)

Napoleogenin B (66)

21-0-(4-O-Acetyl-3-O-angeloyl)-#D-fucopyranasyl-22-O-acety!

protoaescigenin (67)

21-0-(3,4-Di-O-angeloyl)-p-D-fucopyranosyl theasapogenol B (68)

Xanthoceras sorbifolia

Harpullia austro-caledonica

Harpullia ramiflora

Harpullia ramiflora

Xanthoceras sorbifolia

Xanthoceras sorbifolia

Xanthoceras sorbifolia

Chen et al., 1984;
Chen et al., 1985

Dizes et al., 1998;

Voutquenne et al., 2002

Dizes et al., 1998

Chen et al., 1984;
Chen et al., 1985

Chen et al., 1984;
Chen et al., 1985

Chen et al., 1984;
Chen et al., 1985




Table 1. Distribution of triterpenoids in the family Sapindaceae (continued)
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compounds

Sources

References

21-0-(4-O-Acetyl-3-O-angeloyl)-p-D-fucopyranosyl thesapogenol B
(69)

24-0O- a-L-Rhamnopyranosyl-(1—2)-p-D-glucopyranosyl]-28-O-[ -
D-glucopyranosyl-(1—2)-4-D-glucopyranosyl]-protoaescigenin

(70)

24-0O-[o-L-Rhamnopyranosyl-(1—2)-4-D-glucopyranosyl]-28-O-[ -
D-glucopyranosyl-(1-2)-3-D-glucopyranosyl]-16 —

desoxyprotoaescigenin (71)

24-0O- a-L-Rhamnopyranosyl-(1—2)-p-D-glucopyranosyl]-28-O-[ 5-
D-glucopyranosyl-(1-2)-4-D-glucopyranosyl]-24-oxo-

camelliagenin D (72)

Zanhic acid (73)

Xanthoceras sorbifolia

Harpullia austrocaledonica

Harpullia austrocaledonica

Harpullia austrocaledonica

Zanha golungensis

Ganophyllum giganteum

Chen et al., 1984;
Chen et al., 1985

Voutquenne et al., 2002

Voutquenne et al., 2002

Voutquenne et al., 2002

Cuellar et al., 1997a;

Cuellar et al., 1997b
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Compounds

Sources

References

Zanhasaponin A (74)

Zanhasaponin B (75)

Zanhasaponin C (76)

3-0O-p-D-Glucopyranosyl-28-O-{[ a-L-arabinopyranosyl-(1-2)]- [ -
D-xylopyranosyl-(1—4)]-a-L-rhamnopyranosyl-(1—2)-4-O-[(3'-
hydroxy-2’-methyl-butyroyloxy)-3-hydroxy-2-methyl-butyroyloxy]-3-
D-fucopyranosyl} zanhic acid (77)

3-0-{#D-Glucopyranosyl-(1-2)-4-D-glucopyranosyl}-28-O-{(a-L-
arabinopyranosyl-(1—-2)]- [3-D-xylopyranosyl-(1-6)]-[4-O-

angeloxy-a-L-arabinopyranosyl-(1-2)-a-L-rhamnopyranosyl-(1—

Zanha africana

Zanha africana

Zanha africana

Filicium decipiens

Filicium decipiens

Cuellar et al., 1997a;

Cuellar et al., 1997b

Cuellar et al., 19973a;
Cuellar et al., 1997b

Cuellar et al., 1997a;
Cuellar et al., 1997b

Lavaud et al., 1998

Lavaud et al., 1998




Table 1. Distribution of triterpenoids in the family Sapindaceae (continued)
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Compounds

Sources

References

2)]-p-D- glucopyranosyl medicagenic acid (78)

3-0-{#D-Glucopyranosyl-(1-2)-4-D-glucopyranosyl}-28-O-{[a-L-
arabinopyranosyl-(1-2)]- [#-D-xylopyranosyl-(1—4)]-a-L-
rhamnopyranosyl-(1—-2)-4-O-[(3'-hydroxy-2'-methyl-butyroyloxy)-3-
hydroxy-2-methyl-butyroyloxy]-A-D-fucopyranosyl} medicagenic
acid (79)

3-O-{#D-Glucopyranosyl-(1—2)-B-D-glucopyranosyl}-28-O-{[ a-L_-
arabinopyranosyl-(1-6)]- [4-O-angeloyloxy-a-L-arabinopyranosyl-
(1— 2)-a-L-rhamnopyranosyl-(1—2)]}-B-D-glucopyranosyl-
gypsogenic acid (80)

Majideagenin (81)

Zanhagenic acid (82)

Filicium decipiens

Filicium decipiens

Majidea fosteri

Zanha africana

Lavaud et al., 1998

Lavaud et al., 1998

Asmahan et al., 1989

Cuellar et al., 1997a
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Compounds

Sources

References

Sapindic acid (83)

38,17 p-Dihydroxy-28-norolean-12-ene (84)

3B,15a,218,22a,28-Pentahydroxy-16a-angeloyloxy-12-oleanene(85)

2. Lupane type

Lupeol (86)

Betulin (87)

Betulinic acid (88)

3,11-Dihydroxy-20(29)-lupene (89)

Sapindus laurifolius

Sapindus mukurossi

Dodonaea viscosa

Schleichera oleosa

Schleichera oleosa

Schleichera oleosa

Schleichera oleosa

Ahmad and Rahman, 1994

Ahmad and Rahman, 1994

Linnazam, 1993

Dan and Dan, 1987

Dan and Dan, 1987

Dan and Dan, 1987

Dan and Dan, 1987
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Compounds

Sources

References

3. Hopane type
3,6 4-Dinydroxy-21-aH-24-norhopa-4(23),22(29)-diene (90)

34,54Dihydroxy-64[(4-hydroxybenzoyl)oxy]-21-aH-24-norhopa-4

(23),22(29)-diene (91)

4. Tirucallane type

3-Oxotirucalla-7,24-dien-21-oic acid (92)

Xanthocerasic acid (93)

5. Cycloartane type
24-Methylene cycloartan-3-ol (94)

Diatenopteryx sorbifolia

Diatenopteryx sorbifolia

Xanthoceras sorbifolia

Xanthoceras sorbifolia

Xanthoceras  sorbifolia

Chavez et al., 1997

Chavez et al., 1997

Ma et al., 2000

Ma et al., 2000

Ma et al., 2000
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Oleanolic acid (1)

GaT2_GIc_

Emarginatoside B (2) R =

Gat>Gal
Emarginatoside C (3) R =

3 2
Ara—Rha~ Ara—

Hishoushisaponin A (4) R =

3-0-4-D-Xylopyranosyl-(1—-3)-a-L-rhamnopyranosyl-(1—2)- a-L-arabinopyranosy! olenolic
Xy T_LR ha 2*A T4 —

acid (5) R =

3-O-{p-D-Glucopyranosyl-(1—4)-[a-L-rhamnopyranosyi-(1-»2)]- a-L-arabinopyranosyt]

Glc
, a4
Rha Ara

. olenolic acid (6) R =



"~ SaponinC (13) R

"~ Hederagenin (7) R = H

Ara

3-O-a-L-Arabinopyranosyl hederagenin (8) R =

3 —_
3-O-4-D-Xlopyranosyl-(153)-a-L-arabinopyranosyl hederagenin (9) R = Xyr—hr

Glc
3-O-p-D-Gucopyranosyl-(1—4)-a-L-arabinopyranosy! hederagenin (10) R =

Ara

R . Rha*z“Ara—
Sapindoside A (11) R =
Ara - RhaZ—Ara—"
Saponin A (12) R =
( 0 Ara2—RhaZAra—

- 3-O-4-D-Glucopyranosyl-(1—3)-a-L-rhamnopyranosyl-(1-2)- a-L-arabinopyranosyl
G !CS_Rhaz—Ara—

- hederagenin (14) R =

3
Xyt Rhaz—Ara—‘

Sapinoside B (15) R =

33
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 Pulsatilia saponin D (18) R =

. Hishoushi-saponin Ee (17) R =

Aca—Xyl*i’Rha”z‘Ara‘—‘
Mukurozi-saponin E, (18) R =

3

3 2
Xyr—Rha=""Ara—
4
Ac

Ac

" Mukurozi-saponin G (19) R =

+ 3-O-[a-L.-Arabinofurancsyl-(1—3)-[a-L-rhamnopyranosyl-(1—2)}- #- L-arabinopyranosyi]

A,ra
2 {2
Ara

Rha

'hederagenin (20) R =

3-O-{#-D-Xylopyranosyt-(1—3)-[a-L-rhamnopyranosyi-(1-2)]- a-L-Arabinopyranosyt]

Xyl

, |3
Ara

R ha

hederagenin (21) R =

- 3-O{pD-Galactopyranosyl-(1-3)-{a-L-rhamnopyranosyl-(1-2)1- B-D-gluconopyranosyl]

Gal
3
Rha—Gic

hederagenin {(22) R =
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3-O-[ -D-Xylopyranosyl-(1—-3)-[a-L-rhamnopyranosyl-(1-2)]- #-D-glucopyranasyl]

Xyl
3
RhaLGlc

hederagenin (23) R =

3-O-[#-D-Apiosyl-(1-3)-[a-L-rhamnopyranosyl-(1—2)]- B-D-glucopyranosyl] hederagenin

i
3
Rhaz—GIc

(24) R =

3-O-[a-L-Arabinofuranosyl-(1-3)-[a-L-rhamnopyranosyl-(1—2)]- 8-D-xylopyranosy!]

Ara
i3
Rhaz—x'yr——

hederagenin (25) R =
3-O-{#-D-Xylopyranosyl-(1—3)-a-L-rhamnopyranosyl-(1—-2)- [#-D-glucopyranosyl-(1—-4)1-
Gle

s
3 2
XyrH—Rha Ara

a-L-arabinopyranosyl] hederagenin (26) R =

3-O-{p-D-Glucopyranosyl-(1—-3)-a-L-rhamnopyranosyi-(1—2)- [ #-D-glucopyranosy!-(1—

Glec
|4
3 2
Glc—Rha—Ara—

4)]-a-L-arabinopyranosyl] hederagenin (27) R =

Gle
4

3 2
Ara—Rha—Ara——

Salzmannianoside B (28) R =



CH,OH

28-0-p-D-Apiosyl-(1-2)-p-D-glucopyranosyl hederagenin' (29)

2
—Gic—Api

3-0-a-L-Rhamnopyranosyl-(1—2)-a-iL-arabinopyranosyl-hederagenin-28-0-8-D-

glucopyranosyl-(1-2)-8-D-glucopyranosy! ester (30)

Rha Ara

R1: RQ:

2 N
—Gic—Gle

3-O-[a-L-Rhamnopyranosyl-(1—2)-a -L-arabinopyranosyl]- 38,23-dihydroxyolean-12-en-

28-oic acid 28-O-[a-L.-rhamnopyranosyl-(1—2)-g -D-glucopyranosyl ester (31)

Rha Ara —=Gle ha
R1 = R2 =
2 2
i ; _ Rham— A= _ —=CGik—Clk
Mukurozi-saponin X (32) R, = R, =
3
XyrTRha Ara _GlciGlc
Mukurozi-saponin Y, (33)) R, = R, =
3 2
Ara—Rha~ Ara 2
—Gilc—Gl

_ Mukurozi-saponin Y, (34) R, = R, =
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3-O-[#-D-Xylopyranosyl-(1—3)-a-L-rhamnopyranosyl}-(1—2)-a-L-arabinopyranosy/]-
34,23-dihydroxyolean-12-en-28-oic acid-28-0-[a-L-rhamnopyranosyl-(1-s2)-8-D-

a
e 2
2
Xy—Rha Ara , Gle Rha

glucopyranosyl] ester (35) R, = R, =

3-O-[#-D-Xylopyranosyl-(1-3)-a-L-rhamnopyranosyl]-(1-2)-a -L-arabinopyranosyl]-
38,23-dihydroxyolean-12-en-28-oic acid-28-0O-{a-L-rhamnopyranosyl-(1-6}-4-D-

glucopyranosyl}-g-D-gluccpyrancsyl ester (36)

3 2
Xy—Rha

) 2
e g —Glc—Glc—Rha
R, = Ry=
Sapindoside E (37)
2 3 4 2
——Ara—Rha—Xyr—Glu—Gic
2 2 6
Xy—Rha Ara Rha
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| 3-O-[e-L-Rhamnopyranosyl-{1—2)-a-L-arabinopyranosyl]- 34,23-29-trinydroxyolean-12-

en-28-oic acid 28-0O-[#-D-glucopyranosyl-(1—2)-{#-D-glucopyranosyl-(1—6)1- g-D-

glucopyranosyl] ester (38)

2
=QG.lc— Glc

2
Rha Ara Gle
R, = R, =

- 3-O-[#D-Xylopyranosyl-(1-3)-a -L-rhamnopyranosyl]-(1-2)-a-L-arabinopyranosyl}-
34,23-dihydroxyolean-12-en-28-oic acid-28-O-[a-L-rhamnopyranosyl-(1-2)-8-D-

" glucopyranosy!] ester (39)

3 2 —Gic —Z—‘G lc
Ara—Rha——Ara— |5
G ic
R1 = RQ ==
218,22 -O-diangeloyl-camelliagenin D (40)
2
G le™Glc
3 2 = is
XyI—Rha Ara Glc

38
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Gypsogenin (41) R = H

Glc
l4
Ara-

Rha
Salzmannianoside A (42) R =

22 a-Hydroxyerythrodiol (43)



Camelliagenin A (44) R, = R, =

16-0-(3-Methyl-2-butenoyl)-camelliagenin A (45) R, =

i
.
16-4,4-D-dimethylacryloyl camelliagenin A (46) R, =
i
——O=ic=x
I
CH,
16-O-Angeloy! camelliagenin A {(47) R, = :
- 22-(3-Methyl-2-butenoyi) camelliagenin A (48)
CH,

—CH,CH=C —CH,

R, = H R, =

22-B, p-Dimethylacryloyl camelliagenin A (49)

O CH,

|

—-c—c‘—CH3

CH,

CH,

—CH,CH=C —CH,

40
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0 CH,

i
——c——czclH
CHy,

22-0O-Angeloyl camelliagenin A (50) R, = H R, =

3
Rha—GicA
2
Gal

- 3-0-B-D-Galactopyranosyl-(1>2)-la-L-rhamnopyranosyl-(1—3)]-D-glucuronopyranosyl-
16-0O-8, f-dimethylacryloyl-camelliagenin A (51)



218,22 a-0O-Diangeloyl barringenol C (52)

A1-Barringenol (83) R, = R, =H

99
—C—C :CI H
: ~ CH,

22-O-Angeloyl Al-barringenol (54) R, =

O CH,

o

—C—C=—CH
21,22-Di-O-angeloyl-barringenol (85) R, = R, = €
O CHy,

i

—C—C = CH,

CH,

22p,4-Dimethyl acryloyl barringenol (56) R, =

42
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Glc—zG le—O

Rha

3-0-4-D-Glucopyranosyl-(1—2)-[a-L-rhamnopyranosyl-(1-3)]-8-D-

glucuronopyranosyl-22-O-angeloyl-A1-barringenol (57)

3-0-4-D-Glucopyranosyl-(1—-2)-[ a-L-Thamnopyranosyl-(1—3)]-3-D-glucopyranosyl]-28-O-

" angeloyl-camelliagenin A (58)

3
Rha—Gic
f2
Gic

R, = | R, = H
3-0-p-D-Glucopyranosyl-(1-2)-[ a-L-rhamnopyranosyl-(1-3)]-8-D-glucopyranosyl]-28-O-
‘angeloyl-A1-barringeno: (59)

3 2
Rha—Gic— Gle

R, = ' RZIOH

1

3-0-p-D-Galactopyranosyl-(1-2)-{ a—L—rhamnopyranosy_l-U—>3)]—/3-D-glucopyranosyi]—28—
~O-angeloyl-A1-barringenol (60)
Rha :LG lc——

f2
Gal



Jegosapogenol (61)

Harpullone (62)

HOH,C

Protoescigenin (83) R, = R, = R, =H
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1T
_C*'C:CIH
CH,
R, = H R, = R =
IR
R“a—%CA_ e =y
Xyl |
. CHS
Harpulloside (65) R, = R, = R, = H

R,H,C .
O CH,
AN
—C —C=CH
CHy

NapoleogeninB (66) R, = OH R, = H R, = R, =

21-0-(4-O-Acetyl-3-O-angeloyl)- #-D-fucopyranosyl-22-O-acetyl protoaescigenin {67)

O CHy,
o
—C*C:CiH
CH,
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4

R (H,C

21—O—(3,4—Di—O—angeloyI)—ﬂDqucopyranosyl theasapogenol B (68)

Ha

) ==0

c
!
—5

¢

=CH
l
o

Ha

21-0-(4-O-Acetyl-3-O-angeloyl)-g-D-fucopyranosy! thesapogenol B (69)

0. 'GH 4
1
—c—c=c|H

CHj

P
1
NC
l
T
o
I
>
(¢}
X
I
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24-0O-{a-L-Rhamnopyranosyl-(1—2)-g-D-glucopyranosyl]-28-O-[ -D-glucopyranosyl-(1—

2)-B-D-glucopyranosyt]-protoaescigenin (70)

2 2
Rha—Gic—0 —CH,— —Glc—=Glc
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- 24-O-{a-L-Rhamnopyranosyl-(1—2)-#-D-glucopyranosy!]-28-O-[ -D-glucopyranosyi-(1—

2)-B-D-glucopyranosyl]-16 —desoxyprotoaescigenin (71)

2 2
Rha——Gic—C—CH, T Gle— Gle

R, = RS RS

24-0-[ a-L-Rhamnopyranosyl-(1—2)-8-D-glucopyranosyl]-28-O-[ f-D-glucopyranosyl-(1-—»

2)-B-D-glucopyranosyl]-24-oxo-camelliagenin D (72)

¢
2 il
Rha—Glc—C—C — — Gle—Gle

HOOC .

Zanhic acid (73) R, = H R, = OH R, = H

Gle— —Rhag—Rha

Zanhasaponin A (74) R, =
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,/

HOOC

ZanhasaponinB (75) R, = 7 R, = OH R, =

—Rha2Rha2Xyrxyl

‘ZanhasaponinC (7T6)R, = °°7 R, = OH R, =

3-0-4-D-Glucopyranosyl-28-0O-{[ a-L-arabinopyranosyl-(1-—2)]- [ 8-D-xylopyranosyl-(1--4)]-
~ e-L-thamnopyranosyl-(1-2)-4-O-[(3"-hydroxy-2'-methyl-butyroyloxy)-3-hydroxy-2-methyl-
butyroyloxy]-g-D-fucopyranosyl} zanhic acid (77)

3-0-{#-D-Glucopyranosyi-(1-2)-8-D-glucopyranosyl}-28-O-{{a-L-arabinopyranocsyl-(1—
- 2)]- [8-D-xylopyranosyl-(1-6)]-[4-O-angeloxy-a-L-arabinopyranosyl-(1-2)-e-L-

~ thamnopyranosyl-(1-2)]-8-D- glucopyranosyl medicagenic acid (78)

0
2 . [
—Gile—%*Rha—Ara™o0C

8
Xyl
Gle2Gle— 12
Ara
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,
“,

HOOC

3-0-{p-D-Glucopyranosyl-(1-2)-4-D-glucopyranosyl}-28-O-{[ a-L-arabinopyranosy!-(1—
- 2)]- [B-D-xylopyranosyl-(1—4)]-a-L-rhamnopyranosyl-{1-2)-4-O-[(3-hydroxy-2'-methyl-

butyroyloxy)—3-hyd roxy-2-methyl-butyroyloxy]-#-D-fucopyranosyl} medicagenic

~acid (79)

O>—( >—(
i

Fuc*oc co ok

2| 0

Rha— Ara

Gle2cic— 4| ©
Xyl
R, = R, = H R, =

3-O-{#-D-Glucopyranosyl-(1-2)-8-D-glucopyranosyl}-28-O-{[ a-L-arabinopyranosyl(1—-6)]-
: [4-O-angeloyloxy-a-L-arabinopyranosyl-(1— 2)-a-L-rhamnopyranosyl-(1—2)]}-8-D-

glucopyranosyl-gypsogenic acid (80)
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Majideagenin (81)

Zanhagenic acid (82)

Sapindic acid (83)
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38,17 g-Dihydroxy-28-norolean-12-ene (84)

34.15a,21 8,22 a,28-Pentahydroxy-16a-angeloyloxy-12-ocieanene(85)

Lupeo!l (86)



Betulin (87)

Betuiinic acid (88)

3,11-Dihydroxy-20(29)-lupene (89)
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38,54-Dihydroxy-6 4-[(4-hydroxybenzoyl)oxy]-21-aH-24-norhopa-4
(23),22(29)-diene (91)

3-Oxotirucalla-7,24-dien-21-oic acid (92)
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HOOC,, X

Xanthocerasic acid (93)

24-Methylene cycloartan-3-oi (94)
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3. Chemical Constituents of Plants in the Genus Harpullia.

Previous chemical studies on the genus Harpullia, dealing with 6 species including
H. austrocaledonica, H. cupanioides, H. pendula, H. petiolaris, H. ramiflora and H.
thanatophora, resulted in the isolation of triterpenoids, flavonoids, steroids and miscellaneous
substances. The maijority of the compounds isolated are triterpenoids, all of which belong to
the oleanane type. The distribution of these compounds in Harpullia species is already given
in Table 1. Other isolated compounds and their distribution in the genus Harpullia are

summarized in Table 2.



Table 2. Distribution of compounds in the genus Harpullia
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Compounds Sources References
1. Flavonoids
Kaempferol (95) Harpullia pendula El Sayed et al., 1989
3-Hydroxy-4’,5,7-trimethoxyflavone (96) Harpullia cupanioides Suttisri et al., 1999
Flavokavain A (97) Harpullia cupanioides Sandoval et al., 1957;
Suttisri et al., 1999
Quercetin (98) Harpullia pendula El Sayed et al., 1989
2. Tannins
Galllic acid (99) Harpullia -austrocaledonica Sati and Rana, 1987;
Harpullia pendula El Sayed et al., 1989:;
Tuntiwachwuttikul et al., 1997
Penta-O-galloyl-D-glucose (100) Harpullia austrocaledonica | |to et al., 1967;
Harpullia -pendula El Sayed et al., 1989;

Voutquenne et al., 2002




Table 2. Distribution of compounds in the genus Harpullia (continued)
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Compounds

Sources

References

Chinese gallotannin (101)

Tetra-O-galloylglucose (102)

3. Steroids

Stigmasterol (103)

4. Miscellaneous

Chlorogenic acid (104)

p-Coumaric acid methyl ester (105)

Quebrachitol (106)

Harpullia
Harpullia
Harpullia

Harpullia

Harpullia

Harpullia

Harpullia

Harpullia

austro-caledonica
pendula

ramiflora

pendula

cupanioides

pendula

pendula

pendula

El Sayed et al., 1989;
Dizes et al., 1998;

Voutquenne et al., 2002

El Sayed et al., 1989

Sandoval et al., 1988;
Suttisri et al., 1999

Khong and Lewis, 1976;

El Sayed et al., 1989

Khong and Lewis, 1976

Khong and Lewis, 1976;
Cherry, 1977




OH
HO 0
OH
OH 0
Kaempferol (95)
OCH,
H,CO 0
OH
OCH, O

3-Hydroxy-4,5,7-trimethoxyflavone  (96)

OCH,

H,CO OCH,

OH (0]

Flavokavain A (97)
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OH (6]

Quercetin (98)

HO CO,H

HO

OH

Gallic acid (99)

OH

HO.

HO

HO

HO

OH

OH

OH

Penta-O-galloyl-D-glucose (100)
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Stigmasterol (103)

ZA
OH
OH
Chlorogenic acid (104)
I
S EOCH;

HO

p-Coumaric acid methyl ester (105)
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4. Traditional Uses of Harpullia Species.

Traditional uses of several species of Harpullia have been recorded. In Philipines,
the bark and fruit of H. arborea are used to prevent leech bites and they are also a fish
poison. Qil from the seeds is sometimes used as antirheumatic (Perry and Metzger, 1895).
In Sri Lanka, the fruits of H. cupanioides have been used for washing (Burkill, 1935).; the
plant is also recorded as a fish poison (Burkill, 1935). The bark of H. pendulais used as a
fish poison by the Aborigines in Australia (Khong and Lewis, 1976). The stem bark of H.
ramiflora is used, by the traditional healers in Papua New-Guinea, as a topical medicine
against skin disease (Dizes et al., 1998). H. thanatophora is reported to be poisonous by

the natives in New Guinea (Perry and Metzger, 1895).

5. Biological Activities of Harpullia species.

Some plants of the genus Harpullia have been reported as exhibiting
bioactivity. The ethanolic extract of the stem bark of H. austro-caledonica exhibited in
vitro cytotoxic activity against KB cell (90% at 10 ug/ml) (Voutquenne et al., 2002). The
methanol extract of the leaves of H. cupanioides displayed activity against both Herpes
simplex virus types 1 and 2. Its hexane-soluble fraction of this extract also exhibited
cytotoxicity against KB and BC cell lines with ED,, of 5.9 and 5.0 pg/ml, respectively
(Suttisri et al., 1999). Saponins extracted from H. cupanioides were reported to be active
in releasing hormone from cultured rat hypophyseal cells (Asmahan et al., 1989). The
seed extract of this plant was found to ‘'strongly ‘inhibit the growth of some fungal plant
pathogens (Bharathimatha, Doraiswamy, and Velazhahan, 2002). Methanol extracts of the
leaves, the flowers, the stem and the root bark of H. ramiflora demonstrated broad
spectrum and high levels of antibacterial activity (Khan, Kihara, and Omoloso, 2001).
Methanol extracts of the leaves, the stem, the root bark and the heartwood of H. petiolaris

displayed antibacterial activity (Khan and Omoloso, 2002).



CHAPTER 1lI

EXPERIMENTAL

1. Source of Plant Material

The leaves of Harpullia arborea (Blanco) Radlk. (Sapindaceae) were collected
from Mae Wong National Park, Kampangpet Province, Thailand in May, 2001. The plant
material was identified by comparison with the herbarium specimens (BKF no. 075890) at

the Royal Forest Department, Bangkok, Thailand.

2. General Techniques

2.1 Chromatographic Techniques

2.1.1  Thin — Layer Chromatography (TLC)

Technique : One dimension, ascending

Adsorbent : Silica gel 60 F., (E. Merck) precoated plate
Layer thickness : 0.2 mm

Solvent system . Various solvent systems depending on materials
Distance :6cm

Temperature : Laboratory temperature (28 — 35 °C)

Detection - 1. Ultraviolet light (254 and 365 nm)

2. Anisaldehyde - sulfuric acid.reagent, heating at 100 -105°C
for 5 —10 minutes

3. 10% Sulfuric acid in ethanol, heating at 100 — 105 °Cfor5-
10 minutes

4. Libermann-Burchard reagent

5. lodine vapor
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2.1.2 Column Chromatography (CC)

Column : Flat bottom glass column (various diameters)

Adsorbent : Silica gel 60 (No. 9385, E. Merck) particle size 0.040 — 0.063 mm
(230 — 400 mesh ASTM)

Packing method : Wet and dry packing

Sample loading : The sample was dissolved ina small amount of organic
solvent, mixed with a small quantity of adsorbent, triturated,
dried and then placed gently on the top of the column. Or the
sample was dissolved in a smal volume of the eluent, then
loaded directly on the top of the column.

Solvent system : Various solvent systems depending on materials.

Detection : Fractions were examined by TLC observed under UV light
at the wavelengths of 254 and 365 nm. The TLC plate was then
sprayed with anisaldehyde — sulfuric acid reagent and heated at
100°C for 5— 10 minutes. Fractions of similar chromatographic

pattern were combined.

2.2 Spectroscopy

2.2.1 Infrared (IR) Absorption Spectra
IR spectra (KBrdisc) were recorded on-a Perkin Elmer FT - IR
1760X spectrometer (Scientific and Technological Research Equipment Center,

Chulalongkorn University).

2.2.2 Mass Spectra (MS)
Electron Impact Mass Spectra (EIMS) were obtained on a Polaris Q
Finnigan Gas Chromatography - Mass Spectrometer (Department of Chemistry, Facultry of

Science, Mahidol University), operating at 12 and 70 eV.
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13

2.2.3 Proton and Carbon-13 Nuclear Magnetic Resonance (1H and C-
NMR)Spectra

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

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

NMR solvents used in this study were deuterated chloroform

(CDCl,) and deuterated dimethylsulfoxide (DMSO-d,). Chemical shifts were reported in

ppm scale using the chemical shift of the solvent as the reference signal.

2.3 Physical constants

2.3.1 Melting Point
Melting points were obtained on a Fisher/Johns melting point
apparatus (Department of Pharmaceutical Botany, Faculty of Pharmaceutical Sciences,

Chulalongkorn University).

2.3.2 Optical Rotation

Optical rotations were measured on a Perkin Elmer 341

Polarimeter (Faculty of Pharmaceutical Sciences, Chulalongkorn University).

2.4 Solvents
All organic solvents used in the extraction and isolation procedure were of

commercial grade and were redistilled prior to use.
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3. Extraction and Isolation

3.1 Extraction

The dried, coarsely powdered leaves of Harpullia arborea Radlk. (1,100
gm) were macerated with 95% ethanol (8x5 L) and filtered. The filtrates were pooled and
evaporated under reduced pressure to yield 220 gm of dried crude extract (20% of dry
weight). The ethanol extract was diluted with agqueous methanol, and partitioned with
hexane (6x4L). The combined hexane extract was evaporated to dryness under reduced
pressure to give hexane extract (50 gm, 4.55% of dry weight). The aqgueous methanol
layer was then partitioned with chloroform (6x4L). The combined chloroform extract was
similarity dried to give chloroform extract (50 gm, 4.55% of dry weight) and 110 gm of

aqueous methanol extract (10% of dry weight).

Dried, powdered Harpullia arborea leaves (1,100 gm)

95% EtOH (8x5L)

l l

EtOH extract Marc

(220 gm)

Hexane / Aqueous MeOH

: | v

Hexane extract Aqueous MeOH- extract
(50 gm)
v CHCI,
CHCI, extract Agueous MeOH extract
(50 gm) (110 gm)

Scheme 1. Extraction scheme of Harpullia arborea leaves
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3.2 Isolation

3.2.1 Fractionation of hexane extract

A portion of the hexane extract (25 gm) was subjected to a silica gel

column (300 gm, 5 X 60 cm) eluted with chloroform. One hundred and twenty-seven 30-
ml fractions were collected and combined according to their TLC patterns into six major

fractions (A,-F,) as shown in Table 3. The column was then washed down with methanol.

Table 3. Combined fractions from the hexane extract.

Fraction Number of eluates Weight of fraction (gm)
A, i 3.49
B, 8-17 6.78
C, 18 -20 3.98
D, 21 -63 4.09
E, 64 — 110 1.23
F, 111 -127 3.17
Methnol eluate 1.95

3.2.1.1" Isolation of compound HA-1

Fraction-D, (4.09.gm), was. subjected, to-a silica gel column
(200 gm,. 5X60 cm) using hexane — ethyl acetate mixture of increasing polarity (from
95:5 to 70:30) as the eluent. One hundred and fifty fractions (20 ml each) were
collected and combined according  to their TLC patterns into nine major

fractions (D,A-D,l) as shownin Table 4.



Table 4. Combined fractions from D,
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Fraction Solvent Ratio Number of eluates Weight of fraction

(hexane:EtOAC) (mQ)

D,A 95:5 1-18 73.5
D,B 95:5 19-30 126.2
D,C 95:5 31-50 710.6
D,D 90:10 51-54 41.0
D,E 90: 10 556-85 15124
D,F 90: 10 86 — 92 15.2
D,G 9010 93 - 102 156.8
D.H 80: 20 103 - 112 195.1
D,l 70: 30 113 - 150 345.7
Methanol eluate 718.2

Fraction D,C (710.6 mg) was further separated on a silica gel column

(300 gm, 2X50 cm) eluted with hexane - acetone (97:3).

Fifty - three fractions (10

ml each) were collected and pooled according to their TLC patherns into eight major

fractions (D,C,-D,C,) as shownin Table 5.
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Table 5. Combined fractions from D,C

Fraction Number of eluates Weight of fraction (mg)
D.C, 1-6 21.0
D,C, 7-9 4.9
D,C, 10-18 104.8
D.C, 19-22 5.2
D.C, 23 =27 19.8
D,C, 28 —29 3.2
D.,C, 30 - 31 2.7
D,C, 32-53 1125
Methanol eluate 294.0

Fraction D,C,, which gave single blue spot on TLC under detection with 10%

sulfuric acid in ethanol, was purified by recrystallization from methanol to give compound

HA-1 as colorless crystals (56 mg). The compound gave red-violet color with Libermann-

Burchard reagent.

3.2.1.2 Isolation of compound HA-2

Fraction E, (1.23 gm) was separated on a: silica gel column (90

gm, 2.5X50 cm) eluted with chloroform. Forty, 20-ml fractions were collected and

combined according to their TLC patterns into three fractions (E,A = E,C) as shown in

Table 6.



Table 6. Combined fractions from E,

Fraction Number of eluates Weight of fraction (mg)
E.A 1-15 191.0
E.B 16 — 31 387.0
E,C 32-40 159.0
Methanol eluate 309.1
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Fraction E,B, which gave a red-violet spot on TLC under detection with 10%

sulfuric acid in ethanol, was purified by recrystallization in methanol to give compound

HA-2 as white amorphous powder (63 mg). The compound gave deep green color with

Libermann-Burchard reagent.

3.2.1.3 Isolation of compound HA-3

Fraction F, (3.17 gm) was submitted for further purification on

silica gel column (90 gm, 2.5X50 cm) using chloroform — methanol of increasing polarity

(from 399:1 to 91:9) as the eluent. One hundred and seventy-one, 20-ml fractions were

collected and combined according to their TLC patterns into ten major fractions, (F,A —

F.,J), as shown in Table 7.



Table 7. Combined fractions from F,
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Fraction Solvent ratio Number of eluates Weight of fraction
(CHCI, : MeOH) (mQ)
F.A 399:1 1-7 32.8
F.B 399 : 1 8-11 14.9
F.C 39971 12-17 27.1
F.D 39901 18 — 28 54.9
F.E 399: 1 29 -52 130.7
F.F 399 : 1 53 - 55 13.5
F.G 98:2 56 -79 137.2
F.H 98:2 80 - 82 10.9
F.l 98 :2 83 - 99 120.8
F.J 91:9 100 - 171 580.7
Methanol eluate 1198.0

Fraction F,E, which gave a red-violet spot on TLC under detection with 10% sulfuric

acid in ethanol, was purified by recrystallization in methanol to give compound HA-3 as

white amorphous powder (28.2 mg). The compound gave red-violet color with Libermann-

Burchard reagent.




Hexane extract (25 gm)

Silica gel CC,
CHClI,
1 B, C D, .
Silica gel CC,
‘ CHCl,
e
Silica gel CC, E1A E1B E1C
hexane-EtOAc
(95:5 -> 70:30) @
HA-2
63.0 mg

Voo oAl

D.A D.B D.C D.D BE

1 1 1
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Silica gel CC,
CHCI, - MeOH
(399:1 ->91:9)

FA F.B F.D F.E F.F F.G F,H
Silica gel CC, ﬂ
hexane : acetone
(97 : 3) HA-3
28.2'mg
D,C, D,C, D,C, D,C, D,C, D,C, D,C,
HA-1
56.0 mg

Scheme 2. Fractionation of hexane extract
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F.l F.J
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3.2.2 Fractionation of methanol extract

The methanol extract (28 gm) was separated on a silica gel column

(400 gm, 5X60 cm) using mixture of hexane — ethyl acetate — methanol as the eluent. Four

hundred and twenty-six (30 ml) fractions were collected and combined according to their

TLC patterns into eight major fractions (A,- H,) as shown in Table 8.

Table 8. Combined fractions from methanol extract.

Fraction Solvent ratio Number of eluates Weight of fraction

(hexane-EtOAc-MeOH) (gm)

A, 1:6:1 1-6 1.47
B, 1:6:1 W 0.53
C, 1:6:1 8-12 1.22
D, 1:6:1 13-19 1.36
E, 1:7:3 20 -84 5.45
F, 1:8:8 85 -185 8.76
G, 1:6:13 186 — 259 3.47
H, 1:7:41 260 — 426 3.11
Methanol eluate 1.42

3.2.2.1 lIsolation of compound HA-4

Fraction E, (5.45 gm), which gave single brown spot with iodine vapor,

was further purified by recrystallization in methanol to give compound HA-4 as colorless

crystals (123.9 mg)
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Fraction F, (8.76 gm), was separated on a silica gel column (250
gm, 5X60 cm), eluted with hexane-acetone- methanol. One hundred and ten (30 ml)
fractions were collected and combined according to their TLC pattern into three major

fractions (F,A — F,C) as shown in Table 9.

Table 9. Combined fractions from F,

Fraction Solvent ratio Number of eluates | Weight of fraction
(hexane-acetone-MeOH) (gm)
F,A 2:13: 1 1-5 0.72
F.B i*: o 1 6 - 65 2.25
F,C 1:8:11 66 - 110 3.13
Methanol eluate 1.64

Fractions F,B and F,C, both of which were appeared to contain compound HA-4
by TLC when investigated, were separately purified by recrystallization in methanol to give

compound HA-4 (218.7 mg and 38.0 mg, respectively).
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Methanol extract (28 gm)

Silica gel CC,
hexane-EtoAc-MeOH

(1:6:1 -> 1:7:41)

A2 B2 C2 D2 E2 FZ G2 H2
HRSA Silica gel CC,
123.9 mg

hexane-acetone-MeOH

(2:13:1 -> 1:8:11)

! ! !

EA A F.C
HA-4 HA-4
218.7'mg 38.0 mg

Scheme 3. Fractionation of methanol extract



4. Characterization of Isolated Compounds

4.1 Compound HA-1

Appearance

Solubility

Melting Point
EIMS m/z (% relative intensity)

IRV__(KBrdisc) cm’

max(

"H-NMR (O ppm, 500 MHz, CDC,)

"“C-NMR (O ppm, 125 MHz, CDCI,)

1

colorless crystals (methanol)

Soluble in chloroform

76 °C

720(28), 718(49), 408(35), 191(25), 190(53),
189(100), 175(27), 171(45), 95 (36) and 91
(35) (Figure 2, page 93)

3576, 3077, 1734, 1649 and 885
(Figure 3, page 94)

0.67 (3H,s),

0.86 (3H.,t, )=7.0Hz), 0.90

(3H, s), 1.02 (3H,s), 1.37 (3H,s), 1.66
(8H,s), 1.74 (1H,br s), 1.83 (2H,m), 2.23
(1H,m), 2.36 (2H,t,J=7.6 Hz), 4.42 (1H,m),
4.66 (1H,brs), 4.68 (1H,brs), 5.00 (1H,
brs), 512 (1H,dd,J=11.9,56.2 Hz), and 5.22
(1H,br s) (Figure 4, page 95)

141, 15.0, 16.2, 16.8, 17.8, 19.6, 20.9,

21.5, 22.7, 239, 251, 27.3, 285,

29.2-29.7, 31.9, 32,5, 34.6, 38.2, 39.1,
40.0,40:2,41.3,42.7,44.2,47.5,47.9, 48.7,
52.3, 53.9, 70.0, 74.1, 105.2,109.5, 146.0,
148.1, and 173.0 (Figure 5, page 98)



4.2 Compound HA-2
Appearance
Solubility
Melting Point

EIMS m/z (% relative intensity)

IRV__(KBr disc) cm”

max(

"H-NMR (O ppm, 300 MHz, CDCL)

"C-NMR (O ppm, 75 MHz, CDCL,)
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Colorless needles (methanol)

Soluble in chloroform

165 °C

426(28), 411(23), 393(13), 218(74), 207(46),
204(53), 203(51), 190(46), 189 (100) and
175 (45) (Figure 11, page 126)

3300, 2900, 1470, 1390, 1020 and 820
(Figure 12, page 127)

0.73 (3H,s), 0.76 (3H,s), 0.80 (3H,s), 0.91
(3H,s), 0.94 (3H,s), 1.00 (3H,s), 1.66 (3H,s),
2.35 (tdJ=11.4,11.4,5.7 Hz), 3.17
(1H,dd,J=10.8,5.1 Hz), 4.54(1H,br s), and
4.66(1H,br s) (Figure 13, page 128)

14.5, 154, 16.0, 16.1, 18.0, 18.3, 19.3,
20.9, 25.2, 27.4, 27.5, 28.0, 29.7, 34.3,
35.6, 37.2, 38.1, 38.7, 38.9, 40.0, 40.8,
42.8, 43.0, 48.0, 48.3, 50.4, 55.30, 79.0
109.3 and 151.0 (Figures 14, page 130)



4.3 Compound HA-3

Appearance

Solubility
Melting Point

EIMS m/z (% relative intensity)

IR'V__(KBr disc) cm”

max(

"H-NMR (O ppm, 500 MHz, CDCL)

"C-NMR (O ppm, 125 MHz, CDCL,)
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White powder (methanol)

Soluble in chloroform

162 °C

412(17), 397(10), 300(13), 299(10), 273(18),
272(27), 271(100), 255(22), 253 (21) and
213 (12) (Figure 16, page 142)

2950, 1450, 1380, 1050 and 980
(Figure 17, page 143)

0.53 (3H,s), 0.78 (3H,s), 0.78 (3H,d,J=6.1
Hz), (3H,d,J=6.1 Hz), 0.79 (3H,t,J=7.5 Hz),
0.83 (3H,d,J=6.4 Hz) and 1.01 (3H,d,J=6.7
Hz), 3.58 (1H,ft,J=8.8,4.6 Hz), and 5.01
(1H,dd,J=15.3,8.5 Hz),5.1(1H,dd,J=15.1,8.7
Hz) (Figure 18, page 144)

12.1, 12.3, 13.0, 19.0, 21.1, 21.4, 21.5,
23.0, 254, 285, 29.6, 31.5,31.9, 34.2,
37.1, 38.0, 39.5, 40.3, 40.8, 43.3, 49.4,
51.2, 55.1, 55.9,71.1,117.5,129.4, 138.2,
and 139.6 (Figure 19, page 147)



4.4 Compound HA-4
Appearance
Solubility
Melting Point
Optical Rotation

EIMS m/z (% relative intensity)

IRV__(KBrdisc) cm’

max(

"H-NMR (O ppm, 500 MHz, DMSO-d.,) :

"C-NMR (O ppm, 75 MHz, DMSO-d.) :
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Colorless crystals (methanol)

Soluble in methanol

185 °C

[OL]ZOD -94.04° (c, 0.06 in methanol)
116(21), 102(20), 87(100), 85(48), 74(20),
73(81), 71(20), 60(20), 59(18), and 57(44)
(Figure 24, page 159)

3350, 1050 and 1010 (Figure 25, page 160)
3.09 (1H, dd, J=,9.5,3.1 Hz), 3.28 (1H,ddd,
J= 95,9243 Hz), 3.30 (3H,s), 3.36
(1H,ddd,J = 9.5,9.2,4.6 Hz), 3.42 (1H,ddd,
J=9.5,6.8,3.4 Hz), 3.67 (1H,ddd, J = 3.7,3.4,
3.4Hz), 3.85 (1H,ddd,J=3.7,3.4,3.1 HZ),
4.26 (1H,d,J=5.8 Hz), 4.39 (1H,d,J=4.3Hz),
4.42 (1H,d,J=4.6 Hz), 4.6 (1H,d, J=3.7 Hz),
4.62 (1H,d,J =3.7 Hz) (Figure 26,page 161)
57.2,68.2,70.6, 72.2, 72.4, 73.5,and 81.2
(Figure 27, page 163)
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5. Determination on In Vitro Stimulation of Lymphocyte Proliferation

Extracts of the leaves of Harpullia arborea including hexane, chloroform and
methanol extracts, together with the isolated compound HA-4, were subjected to
preliminary screening for immunostimulatory activity by determining the ability to
stimulate the proliferation of lymphocytes in vitro. The extent of lymphocyte
proliferation was measured by colorimetric method (Alamar Blue Assay) and the result
was reported as % stimulation (in case the degree of proliferation was increased) or %
cytotoxicity (in case the degree of proliferation was decreased). The tested
substances were also tested for cytotoxicity against a human monocytic cell line, U-

937. All tests were performed in triplicate and repeated three times.

Experimental methods
1. In vitro lymphogcyte proliferation assay
1.1 Isolation of Wistar rat lymphocytes

Spleens were obtained from Wistar rat under sterile condition and submerged
in RPMI 1640 with 1% antibiotic-antimycotic and stored at 4°C until use. Spleens were
grinded with syringe and gently teased on nylon mesh to obtain single cell suspension in a
sterile disposable 60 mm petri dish containing 5 ml of RPMI.1640. The cell suspensions
were then layered onto histopaque-1077 and were centrifuged at 5500 rpm for 20 min at
25°C to isolate mononuclear cells. The buffy coat containing lymphocytes was removed
and suspended in RPMI 1640 and centrifuged at 5500 rpm for 10 min. The supernatant
was discarded,-and. the -pellet was resuspended-in.-complete RPMI 1640 medium
supplement with "10% heat inactivated-fetal’ bovine serum. The viability of splenic

lymphocytes, determined by trypan-blue exclusion-test, was>95%:.

1.2 Determination of lymphocyte proliferation by Alamar Blue method
The splenic cell suspension was adjusted to 2.5%10° cells/ml in complete
RPMI 1640 medium. One hundred microlitres of the suspension were placed in 96-well
sterile culture plate containing 10 mcl of two-fold dilution of 1.6-200 mcg/ml of plant
extract or compound or 0.5% DMSO as vehicle control or 10 mcg/ml of concanavalin A

(Con-A) or 50 mcg/ml of lipopolysaccharide (LPS) as positive control. Then, 90 mcl of
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complete RPMI 1640 medium were added. The plate was incubated in 5% CO, under

humidified conditions at 37 °C for 48 hrs.

After an incubation period of 48 hrs, 20 mcl/well Alamar Blue were added and the
plate was re-incubated for 24 hrs. Since Alamar Blue contained an oxidation-reduction
(redox) indicator, and cellular proliferation induced chemical reduction of the media which
resulted of a change in color from blue to red. The intensity of red color reflected the
extent of cellular proliferation. The absorbance was then measured at the wavelengths of
570 nm (reduced form) and 600 nm (oxidized form) using microplate reader. Specific
absorbance (specific OD), obtained by subtraction of the absorbance at 600 nm from that

at 570 nm, was used in the calculation for % stimulation and % cytotoxicity

% Stimulation =| specific OD (sample) — specific OD (control)| X 100

specific OD (control)

% Cytotoxicity =| specific OD (control) — specific OD (sample)| X 100

specific OD (control)

2. Invitro cytotoxicity assay
2.1 U-937 monocytic cell line culture

The U-937 cells were maintained in 25 cm® plastic culture flasks in complete
RPMI 1640 medium containing 10% heat inactivated-fetal bovine serum. Cells were
incubated at 37°C in a humidified atmosphere containing 5% CO,. Cells harvested by
centrifugation at 5500 rpm for 5 min at 25°C were passaged every 3 — 4 days and viability

was assessed by trypan blue exclusion test.
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2.2 Determination of cytotoxicity by Alamar Blue Method
Monocytes were adjusted to 5 X 10° cells/ml in complete RPMI 1640 medium.
One hundred microlitres of the suspension were placed in 96-well sterile culture plate
containing 10 mcl of two-fold dilution of 1.6-200 mcg/ml of plant extract or compound or
0.5% DMSO as vehicle control or 50 mcg/ml of ellipticine as positive control, and then 90
mcg of complete RPMI 1640 medium were added. The plate was incubated in 5% CO,

under humidified conditions at 37°C for 48 hrs.

After an incubation period of 48 hrs, 20 mcl/well of Alamar Blue were added and
the plate was re-incubated for 24 hrs. The absorbance was then measured at
wavelengths of 570 nm and 600 nm using microplate reader. Specific absorbance
(specific OD), obtained by subtracting the absorbance at 600 nm from that of 570 nm, was
used in the calculation for % cytotoxicity. The % cytotoxicity — log concentration curve

was then established for evaluating CC, , of the samples.



CHAPTER IV

RESULTS AND DISCUSSION

The leaves of Harpullia arborea Radlk. were extracted with 95% ethanol. The ethanol
extract was then extracted respectively with hexane, chloroform and methanol to yield hexane
(4.55% vyield), chloroform (4.55% vyield) and methanol extracts (10.00% vyield).
Chromatographic separation of the hexane extract afforded three pure compounds, while one
compound was obtained from the methanol extract. The identification and structure
elucidation of the isolated compounds were based on the interpretation of their spectral data
and further confirmed by comparison with those values reported in the literature. Preliminary
screening for the immunostimulatory effect of all extracts and one pure compound were also

performed. The details can be discussed as follows.

Identification and Structure elucidation of Isolated Compounds

1. Structure elucidation of HA-1

Compound HA-1 was recrystallized from methanol as colorless crystals
(56.0 mg, 0.005% vyield), The compound was suggested to be a triterpenoid through a
positive Libermann-Burchard'’s test. The EIMS of HA-1-(Figure 2) showed the molecular ion
peak at m/z 720 corresponding to the molecular formula of C,gH,,0,. The base peak at m/z
189 was indicative of a triterpenoid with lupane/hopane skeleton containing an isopropenyl
group in ring E (Ogunkoya, 1981). The IR spectrum of HA-1 (Figure 3) displayed the OH and
carbonyl absorption bands at 3576 and 1734 Cm'1, respectively. The IR absorption at 3077,

1649 and 885 cm’’ suggested the presence of terminal double bond in the molecule.
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The 'H-NMR spectrum (Figures 4a-4c) exhibited five singlets of tertiary methyls
at 8 0.67, 0.90, 1.02, 1.37 and 1.66, one triplet of primary methyl at §0.86 and signals due to
two hydroxymethine protons at 8 4.42 and 5.12. The number of methyl singlets indicated the
absence of two methyls in the basic lupane/hopane skeleton. The methyl singlet at 5 1.66
showed correlation with a pair of signals at § 4.66 and 4.68 in the 'H-'H cosy spectrum
(Figures 8a-8c), demonstrating the presence of an isopropenyl group. Another pair of

correlated signals at § 5.00 and 5.22 was suggestive of one additional terminal vinyl group.

The "C-NMR spectrum of HA-1 (Figures 5a-5b) showed more than 40 carbon signals,
indicating the presence of a conjugated moiety in the molecule of triterpenoid. Analysis of the
DEPT and HETCOR experiments (Figures 6a-6b and 7a-7d) suggested that the compound
contained six methyl carbons (& 14.1, 15.0, 16.2, 16.8, 17.8 and 19.6), seven methine carbons
(8 47.5, 47.9, 48.7, 52.3, 53.9, 70.0 and 74.1), seven quaternary carbons (5 38.2, 41.3, 42.7,
44.2,145.9, 148.1 and 173.0), and more than 20 methylene carbons (8 20.9, 21.5, 22.7, 23.9,
25.1,27.3,28.5,29.2-29.7, 31.9, 32.5, 34.6, 39.1, 40.0, 40.2, 105.2 and 109.5).

From the above information, HA-1 was proposed to be a long-chain fatty acid ester of
a triterpenoid having the lupane or hopane skeleton with two absence methyl groups. The
triterpenoid part of HA-1 was deduced to be 3,64dihydroxy-21aH-24-norhopa-4(23), 22(29)-
diene (90) by comparison of its 'H and ""C-NMR data with those of 90 and 3-acetoxy-64
hydroxy-21aH-24-norhopa-4(23), 22(29)-diene (107) (Chavez et al., 1997) as shown in Tables

10 and 11, respectively.
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23

3p,64dihydroxy-21aH-24-norhopa-4(23), 22(29)-diene (90)

NI
~

23

3p-Acetoxy-6hydroxy-21aH-24-norhopa-4(23), 22(29)-diene (107)
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Table 10. 'H-NMR assignments of compound HA-1 (triterpenoid part) and reported data of

38,6 4-dihydroxy-21aH-24-norhopa-4(23), 22(29)-diene (90) and 3p-acetoxy-64

hydroxy-21aH-24-norhopa-4(23), 22(29)-diene (107) (in CDCl,).

Position O H
Compound HA-1 90 107
2 1.60, 1.85 (m) 1.60, 1.90 -
3 5.12 (dd,J=11.9, 5.2 Hz) | 3.99 (dd; J=11.0, 5.6 Hz) | 5.09 (dd; J=12.2.5.2 Hz)
5 1.74 (brs) 1.70 (m) -
6 4.42 (m) 4.46 (d; J=1.0 Hz) 4.42 (d; J=1.0 Hz)
7 - 1.50, 1.60 -
9 - 1.40 -
13 - 1.50 -
15 - 1.19 -
17 - 1.00 (m) -
20 - 1.10, 2.00 -
21 2.23 (m) 2.30 (m) -
23 5.00, 5.22 (br s) 5.29,5.30 (br s) 4.99, 5.24 (br s)
25 1.02 (s) 1.03 (s) 1.01 (s)
26 1.37 (s) 1.42 (s) 1.37 (s)
27 0.90 (s) 0.95 (s) 0.90 (s)
28 0.67(s) 0.71 (s) 0.70 (s)
29 4.66, 4.68 (br s) 4.70,4.72 (br s) 4.66, 4.68 (br s)
30 1.66 (s) 1.70 (br s) 1.65 (br s)
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Table 11. "°C-NMR assignments of compound HA-1 (triterpenoid part) and reported data of
38,6 4-dihydroxy-21aH-24-norhopa-4(23), 22(29)-diene (90) and 3p-acetoxy-64
hydroxy-21aH-24-norhopa-4(23), 22(29)-diene (107) (in CDCl,).

Position 0C
Compound HA-1 a0 107
1 40.0 40.1 39.9
2 28.5 32 28.5
3 741 731 74.5
4 146.0 150.9 145.8
5 52.3 52.2 52.3
6 70.0 70.2 70.0
7 39.1 39.0 39.1
8 41.3 41.3 41.3
9 48.7 48.7 48.7
10 38.2 38.3 38.2
11 20.9 20.9 20.9
12 23.9 23.9 23.9
13 47.5 475 475
14 42.7 42.7 42.7
15 32.5 32.5 32.5
16 21.5 21.5 21.5
17 53.9 53.9 53.9
18 44.2 44.2 44.2
19 40.2 40.2 40.2
20 27.3 27.3 27.3
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Table 11. "°C-NMR assignments of compound HA-1 (triterpenoid part) and reported data
of 33,6 4dihydroxy-21aH-24-norhopa-4(23), 22(29)-diene (90) and 3p-acetoxy-
64-hydroxy-21aH-24-norhopa-4(23), 22(29)-diene (107) (in CDCl,) (continued).

Position o0C
Compound HA-1 90 107
21 47.9 47.9 47.9
22 148.1 148.1 148.1
23 105.2 104.5 105.4
25 16.2 16.3 16.2
26 17.8 17.8 17.8
27 16.8 16.9 16.8
28 15.0 15.0 15.0
29 109.5 109.6 109.6
30 19.6 19.7 19.7

The site of ester formation could be determined on the basis of chemical shift analysis.
Significant differences between the chemical shifts of HA-1 and 90 were due to C-2, C-3, C-4,
and H-3. On the other hand, these carbon and proton chemical shifts of HA-1 were found to
be proximate to those of 107. Therefore, this indicated the fatty acyl moiety as attaching to C-3
of the triterpenaid skeleton. As the molecular formula of C,,H,,O, was established for HA-1 on
the basis of its EIMS (M" at m/z 720) and there were no other evidences of the presence of any
additional double bond other than those in the triterpenoid part, of the compound, the fatty acid
part of HA-1 was thus deduced to be a saturated C-20, eicosanoic acid (C,,H,,0,).

Comparison of "®C-NMR data of the fatty acyl moiety of HA-1 with those of methyl eicosanoate
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(Gunstone, Pollard, and Scrimgeour, 1976), as presented in Table 12, gave supportive

evidence for this deduction.

AONUUINLUSNNS )
ANRINIUIVENAY



NMR data of methyl eicosanoate (in CDCI,).

Compound HA-1 Methyl eicosanoate

Position oH oC Position 0C

1 - 173.0 1 174.3

2 [236(tJ=76Hz)| 34.6 2 34.2

3 - 25.1 3 25.1
4 -17 y 292-297 | 4-17 |29.4-298

18 . 31.9 18 32.1

19 - DT 19 22.8

20  [0.86 (f; J=7.0 Hz)| = 14.1 20 14.1
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Table 12. 'H and "°C-NMR assignments of compound HA-1 (fatty acid part) and reported °C-

The proposed structure of HA-1 was confirmed by HMBC experiment (Figures 10a-
10i). Correlations observed for Me-28 (5 15.0) with C-13 (8§ 47.5), C-17 (8 53.9), C-18 (5 44.2)
and C-19 (§ 40.2) were important in showing the hopane nature of the compound. The vinylic
protons (§ 5.00, 5.22) displayed correlations with C-3 (§ 74.1) and C-5 (5§ 52.3), demonstrating
the location of an exo-methylene group at C-4. Correlations observed for the hydroxymethine
proton (§ 4.42) with C-8 (6§ 41.3) and C-10 (8§ 38.2) indicated the attachment of a hydroxyl
substituent at C-6. The location of fatty acyl moiety was supported by correlations between H-

3 (8 5.12) and C-1 (5 173.0).

The NOESY experiment (Figures 9a-9c) was also employed to confirm the structure of
HA-1. Correlations displayed between Me-25 (8 16.2) and Me-26 (5§ 17.8); Me-27 (§ 16.8) and
Me-28 (5 15.0); Me-28 and H-21 (§ 2.23) were in agreement with configurations of the methyl
and isopropenyl groups in the typical hopane skeleton. The g-orientation of the hydroxyl group

attached at C-6 was supported by correlations observed for H-5 (5§ 1.74) with H-6 (5§ 4.42)



92

and H-3 (§ 5.12). The correlation between one of the vinylic H-23 protons (6 5.22) and H-6
was also observed, indicating the close proximity of the vinyl and hydroxyl groups in the

molecule.

Therefore, HA-1 was elucidated as 3-eicosanoyl-64hydroxy-21aH-24-norhopa-4(23),

22(29)-diene, the structure of which is shown below.

(NS NN N

23

3-Eicosanoyl-6 f-hydroxy-21aH-24-norhopa-4(23),22(29)-diene

This is the first report of a fatty acid ester of the 24-norhopene triterpenoid in nature.
Two other compounds with this rare triterpenoid skeletal type, 34,64-dihydroxy-21aH-24-
norhopa-4(23), 22(29)-diene (90) and 3454 dihydroxy-64-[(4-hydroxybenzoyl)oxy]-21aH-24-
norhopa-4(23),22(29)-diene (91), have been previously isolated from Diatenopteryx sorbifolia
(Sapindaceae) (Chavez et al., 1997).



T: + ¢ Full ms { 50.00-1000.00]
B 18¢
100
95

90

85~

80

. 0
75 L
: H,C(CH,),,C0

0

65-

718

Relative Abundance
o
T

a5 408 |

[&]
(=]
!
[o]
=

716|720

3%}
&3}
1
-
s
o

393

o

>

Flil
-
iy

N

o

o

e gty

424

205 ) ] ‘
. 216 372 |
18, ooy
l{ i 359 “ ,
| | | 2 297 ‘ 425 e 701 || 7
" i|320|\ ]427 %24 7 b7 )
l,au. || I NN 482 507 563 S77{ - | N R 766

RPN Bl b ) W B 809 827 875 932956 999
R e i I s e LA DA i 0

! = | ]
100 200 300 400 500 600 700 800 300 1000
'z

—
<

-
(=)

o

<

Figure 2. EIMS of compound HA-1

£6



%T

750

1
70.
65 b - T s = P | ' Fm g
| B Vil /‘W / =N i 3 sg32d |,
o /\J AR
‘ / / / 736,38 - 550.11
60 | e / V™ AN L |
‘ " 616 | 63600 478,42 |
| |
< A f j ! 522.20
55 ] o Moyl
2077.76 il 945 98
i Mo 9'3l il |
50 | mim | A i
| ,141‘5&2‘; \J\ N | {pj“o.m 716.05 ‘
e TR s | ‘T |
45 ‘ I rsiz’ﬁ:: IIJ| ( fﬂbo.‘aw ;
i i ¥ i
i J a1 i |
0 s57970 ‘ ; ;1649.18 h ‘306.812\ ! 105134 \
e " ! 1283.62 ’
- :
; L 137741 1222008 | 1037.58  8RS.14
i M
339 | 266.51 |
| | £ 1242:69! ||
30 | 1473.66 198,09
25 | Y
|
20 | 1175.60 ‘
[
i [
Ll 2912!57700 |
2652 1734,
! iy H,C(CH),,0
10| |
50 : . _
4Q00.0 3000 2000 1500 1000 500 400.0
crm-|

Figure 3. IR spectrum of compound | HA-1

Y6



no
(o)
95
21,9734

a2

“— 19356
‘\ 10387
L

\_\__

25
2:4/30 57
26 20/
30 ‘*
H,C(CH,) 5C0
20 H 28
s
(')
n
I"
o
. o) e -
R - B
& LS C:
2 S 8 G / m
= o S A i
- f © - /
¥ v JA ~ »
# ;
2 :
‘ A
i ] .
' £ Iy iy jl "o
5 i : Il LAY 1
¥ . = 2 LJMJ____ *" v . b u\‘——j’i\‘h—m——ﬁ-ﬂm-
o= e = e Pt N [P o e S o e R T o e gy =—T—r—] —
B8 4.4 4,2 40 3.8 3.6 3.4 32 30 2,8 2.6 2.4 2.2 2.0 1.8 1.8 1.4 1.2 1.0 G.8 9.5 4

Figure 4a. The 500 MRz "H-NMR spectrum of compound HA-1 (in CDCl,}

G6



2k B Rosem 8 28
= 8 e 48 B3
I | | L7/ 4
i . ‘ | 28
| 7 ‘
e 7/ |
| | | ‘\
| | |
|

/ | | H,0(CH,),4CO

X ]
N ﬁ ’
Iy

|
et A\ I / J \/ k JH f
SANN AN 5 A i

R R R e BT R R 4FE R YW T T T T T T e Lot
1.02 4.00 0.98 0.96 0,94 0.82 0,80 0¢.88 0.86 0.8B4 0,82 0,B0 0.7/8 0.76 0.74 0.72 0.70 0.68 0.66 0.64 0.62 0.F0 0.58 0.56

'u'ﬂ'

w [\0) w ~ i a ~ w o0 o n o o~ (82 m W =
(=] (2] - - ~ ()] ~ M~ wm ©w® n o (=1 <
© W wy < = o = ow© o o 0 < o
[ iIs} <+ m =] @ @ r~ [r-gtes Telhs ] o R @
w w oo (‘% (T} n nwn o i n 'e] [Ie] <
| el i I i |. |t b i el

S

o \,.,/*/M \Iﬂfl\\”‘w 18 ' L\ |

I | AP S FE TR P ) TR I T B
1.20 °4.48 1.16 4,14 1042 4,100 1,08 1.06 104

m

T T T T LR (T e =T T T T

| S50 [ e ENR ) (R, PR I

T T T T T B | I I T
1.38 1.36 1.34 1.32 1.30 1.28 1.26 1.24 1.22 1,02 1,00 0,98 0.96 0.84 0.92

Figure 4b. The 500 MHz "H-NMR spectrum of compound HA-1 (expanded)

96



e =
L8804 — S o u CE'TOIT —
L MW 55, 89" 80FT —_
207814 — o « g e
o 5 €5TETTT -
w L = 20°6ITT —_ &
: Pl © 68" 02FT —
Mmmwm et i 08°E2TT —
it S B
¥9°'8€L = ER I i
8€°5EL — = | @ 26" 0ETH
SE'EVS i 2
0T ovl — e .
g2 ars - IJ 3
52951 2 |- GOLE e e
T = I
33°29L — I\N\ - 68° 7817 7 —————
=
gl | = - =
oL - Lo YelEEE—
8l vel— e =
ES° LLL— T g
68" 09, — R )
/ L -
SRl = S 5€°9022 5
6212kt 2 e e 116022 -
£ Ghi 7. _ﬁ £E° Ol 2oerial fot)
EE"T0B g = Tl
T S - ® Ly erze
9t €08 = i - 16" viea
19°508 — e i
ET° 208 7 | o
L0518 i -
e Lla — W B
v9 578 ~ - L3 ;
: - 3 25" L2E2
Ny 2N - Faaee L]l N
01 Y e
-

J

S8°LE8 — — = here T ——— A
v8'2r8 gL B 1y evee
5976y8 — — i 00" ¥vER
i
5
BY b o y
ve . 85 96ve ™
Rt 18 26v2 AL S \
al < e e e R
i v5 BGre
2 911052
w0
—
-
- L=
L6 - (970552 —
EE” - v( €552 — e
62 L= §0°9552 — )
e’ -
50" BB e case -
b " o 67952 —
e o £9° /952 —
|
00° P i
25816 —~ = =i 2
81226 — 5 — 2
S8° G2k — m;;m i i
L0°£26 4~ =7 s
om.mmm% o e i
FE TEB e o b CETTY92 — ——
ﬂm.mmm% — | = g P
9E ' BEB F o

| e AT |
2.26 2.24 2.22 2.20

2.38 2.36

4.44 4,42 4,40

ge g2 e
18 BEE N w
£0° 0PES A2

4,68 4.66

1

Figure 4c. The 500 MHz H-NMR spectrum of compound HA-1 (expanded)

§.,42. 5,10 5.00 4.98

§.24 5.22 5.20

T



7494 7
T
7Q1°g7 |
687797 -}

6087 (1 -W
GES 6T

698702 —\=
vEF T2 =
g/ e~
826" €2

F

—
BRI Oy

g9z 1y 8 =
9T 2y

Lav Ly o |
ﬂmm.hvu
aag° 8y
£2€°2C
ETE €S |
2EE 69 |
LT T
ce GOT B

YeSTEOT ——

ESGChE ..
COTBVT e

800 EL

L

PR e TRy iy

PUTIOR TR PpaTITy

Lusad g i g b g

160 150 140 130 {20 110 100

170

98

Figure 5a. The 125 MHz “C-NMR spectrum of compound HA-1 (in CDCI,)



LIE7LC

avsrac
9.7 762 —,
2r2 62—

IVE B — = N

. e
Ovb 62 —/ -
885762
08762 —

L0B°TE ——
97152 — st

GRE et
P

cG56 68 —
EVT 0V ——

292 T

bbbl

s

P i e N
Teg /17 — —

1

|

ve9 gy ——

1

Figure 5b. The 125 MHz “C-NMR spectrum of compound HA-1 (expanded)

43 42 41 40

44

46

47

e
48

AL L'\Mxr-f"w

7T7’]“l

1..

49

A




DEPT135

DEPTO
H,C(CH,),,CO :
20’ 1 [ i
i J
|
“ U 1L LLL{MHI N
138
17 4
22 g 23
o - N O N T T 1 Y 1avyitd BNt T T 7

! T )
170 16Q 160 140 130 120 110 100 90 80 70 60 30 40 30 20 10 0

Figure 6a. The 125 MHz “C-DEPT NMR spectrum of compound HA-1 (in CDCl,)

00l



DEPTY35

L Ses= |l
Z)TRET

[EPTID
LS, J M -t MMM,J'WJW_JW«JWJMMJ.,.f POy S TRNTI W RS-
13C
20
g 197 ;
13 180\ Vi3 18 a fo W2 1611 30 2627 '
nhrwwwhﬁl AT «wJ «aJ AAJ*WJ\AJMwLAhwﬂthNMJ \wawkmwuwwlvﬂJ dewJ[wWMJHHJ wa
I @] EREE s 'w

e reTTE I T O N T T PO V1 T 1 d Vil
U 43 4B 4746 45 44 43 42 a1 40 39 38 37 36 35 34733732731 30 28 26 27 26 25724 2’J 22 21720 19 18 17 16 15 14

Figure 6b. The 125 MHz ®C-DEPT NMR spectrum of compound HA-1 (expanded)

Lol



23|
— |
3]l 29
[ e g ) USSR R e s e e UL V0 1%
BT ey A D T TR S N oy ot R TR PR e s
; ] :
' S -
T e " 7
L 3 :! ® i
e — .
. . w—-—l
&" =]
[ ] .;h 4
CL L X S e
s -
- L a_|
® ® N
:t i
" iR
. \J-
® - -
L] il
] 4 ©
et
* -
e [ 8
[ s @ . LI N Wl B Wy
H o
‘ o
s il o
L : =
\ e
n
> o
L] [
. a' g—l
. o
=i 4
! i =l o
4 G-+ 22l
P 1‘ . s = '_‘"‘
. o
13 (=]
LY :H ,
~ ST 17
: B- |
H e T

Figure 7a. The 125 MHz 'H-"*C HETCOR NMR spectrum of compound HA-1 (in CDCI,)

cOl



26'

N
o

| 21| 2 i il
‘ l‘\‘l\ heoag: w\ .\JIVLV "J‘q‘v l ,/J_‘ /ﬂ\ M‘/I‘ l‘;,-:;m oy
[ Tl [l | 1 T l I I i 'l r e TS PR T i B ] i I L W =T I P e T T 3 T T ]
2a8and S@ag Pl @ a0 e o8 R R s 14131211100 WL N N AN

H,C(CH,) ,4CO
2’ 1’

ch OF NEEMIBEREE ct OF 32 GaMPc c20E" ordSF I+ 3

@ |

VG, 2C 0S=arhoby tb

e ey o Y G Y N TSSO M T 11| O Y (NN (NOTUN SN | L o ST, S S

Figure 7b. The 125 MHz 'H-"C HETCOR NMR spectrum of compound HA-1 (expanded)

€01



o
HJC(CHZ),S(‘.‘!O

20’ Y

1

1

1

|

G'EE 0'EEG'2E O'ZEG'FEO'FE G'OE 0'0E G'62 0°62 582 0°Be 57L& 07 L2

Figure 7c. The 125 MHz 'H-""C HETCOR NMR spectrum of compound HA-1 (expanded)

0L



s AJLWJU MJLMJLW

2.0 19 iB 17 16 15 14 13 12 .’ii 10 09 OB 07 05

H,C(CH,),,CO
' 1
2

a

Figure 7d. The 125 MHz 'H-""C HETCOR NMR spectrum of compound HA-1 (expanded)

S0t



e

7.5.37:0.6.5 6.0 55045403530252015100500

S°F 0'v GE0EG2 0°C S'F.0°L.G70

gayc L 0L

§:9=0'9 G'S 0°G
I

Lol N

Ta sy 1] In i e GAGEL ST

L

S|

Figure 8a. The 500 MHz 'H-'H COSY NMR spectrum of compound HA-1 (in cDcl,)

901



30 26 ;
o /|

|
|
[
: |
j;‘:J\_'il %K;\)\,J A \\k«;\wﬁ j lL

T T | e e T Tl o

2,52.42.32.22.12.01.91.81.71.61.51.4¢451 24 {0 g

T
0.80.70.6

g m‘\’@‘r'
GRS

oo T " T
M
Qo
! EN ,

U | SRR SRR,

i ST O

1 | {
LYY
3
o)
-

ST eV TE 22 e 0 e 8 T L O FG TV TE S PR TO'T6 08 0L 0

g iley

Figure 8b. The 500 MHz 'H-'H COSY NMR spectrum of compound HA-1 (expanded)

101



T
IS T R BB

=)
©
&=

] I
H,C(CH,),,CO'
20 1’

Figure 8c. The 500 MHz 'H-'H COSY NMR spectrum of compound HA-1 (expanded)

80}



23

g

o

6:5

6.0 5.0 5.0

LJL______J

]

r|'1]|]']“":|r

4. 4035302

" AW ! I
2015100500

G'S SEEORFIESEE  OREUIGHES U GING TR0 T G20

Il

073755

g
|

21

29

20

=i

|

1

Figure 9a. The 500 MHz 'H-"H NOESY NMR spectrum of compound HA-1 (in CDCI,)

fe 5L 0%

60L



28 ‘
E "
|
|

5 | o g |
, ____ﬂl__fi_,,,W@vw,i\ Solpaal A ) |

. S=ppm
I AL I R G L AN U U SRR IR RRER T U7 7 A el
2.52.42.32,22.12.01.,91.81,71.61.51,41.31.2801 10 SO0 20 E

IS il S VSEINE R, | ]

L%

T

21
&

S'CF CEudaBde T 2@ 2671 8T L7 S URGHERIE (BT SR FIOSTIGRDNG 082" 0

I I I o TN R

Figure 9b. The 500 MHz 'H-"H NOESY NMR spectrum of compound HA-1 (expanded)

oLl



i

i

e

P -

~I

Yoo

@ ]

=

P

feive

o 7]

P

-

[ [N} ]
v 0 1 _—
=

<> (=N |

o Iy &

[ye)
i

GlGubkmg €72 2.2 Lo 0°2 6°T 2 TEANGIGHE GETES T

| o 1 o e |, F N |, |, ) SEESIEEERINE |

Figure 9c. The 500 MHz 'H-'H NOESY NMR spectrum of compound HA-1 (expanded)

LLL



il

20 19 1§

\

—

il |

1l 1

|

T T T T T i
HOSS20SO0 50

60 70 80 B30

B T | sy | TR T T T
100 440 4120 130 140 150 160 470 480

=
a
|
o
| o
>
| w
-
| o
E Y]
o
-~ L
[Q] | o
o
| ©
™
| w
i m
L
Lo
-
o | w
G ~r
(@] i
& | o
S1=2 -
— b
L
i o
l=o
| w
..':w
| ©
=Y
~
{
1
|
[IRTs]
e
1
L
L

-

L et s e s e @ ee o e -H-
-

e i P i - s N -

e ter ms e mDe W e v oaa - o aeaa

T . s = o

5 - . - -
= s o me’ a- H

-7 - . -
- ..
Bas ™ - ML, -
- -

P

- .
e

amm s

am—

f.’b.null%-l“* B Be B Aot ored Soss o8B0 veud

=

e s

- -

]
:
§

- = - - - o
- - - - . s aa
-esa = - & e s

- eema = . .
= - Sl P
- - - 4
-

L

112

Figure 10a. The 125 MHz 'H-""C HMBC NMR spectrum of compound HA-1 (in cDCL)
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2. Structure elucidation of HA-2

Compound HA-2 was recrystallized as colorless needles from methanol (63 mg,
0.006% vyield). The compound gave purple color to Libermann-Burchard’'s reagent,
suggesting that it is a triterpenoid. The EIMS of HA-2 (Figure 11) displayed a molecular ion
peak at m/z 426, corresponding to the molecular formula of C,)H,,O. The base peak at m/z
189 were important in showing that HA-2 has the skeletal structure of a lupane-type
triterpenoid (Ogunkoya, 1981). The prominent peak at m/z 218 was the result of cleavage
across the C ring of the lupane skeleton, and successive loss of a methyl group produced the
fragment peak at m/z 204. The peak at m/z 411 (M-CH,) and m/z 393 (M-CH,-H,0) were also
observed (Scheme 4). The IR spectrum of HA-2 (Figure 12) showed a broad band at 3300

cm’ (OH streching), indicating the presence of a hydroxyl group in the molecule.

The 'H-NMR spectrum (Figures 13a-13b) displayed the signals of seven methyl
groups as singlets at § 0.74, 0.76, 0.81, 0.92, 0.94, 1.01, and 1.62. The presence of
exomethylene protons (H-29) in the isopropenyl group of a lupane-type triterpenoid could be
observed as a pair of broad singlets at § 4.66 and 4.54. A doublet of doublets (1H, J= 10.8

Hz) at § 3.17 was assignable to the hydroxymethine proton at position 3.

The “C-NMR spectrum (Figures 14a-14b) showed the signals of 30 carbon atoms,
supporting the assignment.of HA-2 as a triterpenoid. The DEPT-90 and DEPT-135
experiments (Figures 15a-15b) helped in identifying the signals of seven methyl carbons at §
14.5, 15.3, 15.9, 16.1, 18.0, 19.3 and 28.0, eleven methylene carbons at & 18.3, 20.9, 25.1,
27.4, 274, 29.8, 34.2, 35.5, 38.7, 39.9 and 109.3, six methine carbons at§ 38.0, 47.9, 48.3,
50.4, 55.3 and 78.9, and six quaternary carbons at 8 37.1, 38.8, 40.8, 42.8, 42.9 and 150.9.

'H and "°C-NMR data of HA-2 was found to be in agreement with those of previously

reported for lupeol (Ahmad, Bano, and Mohammad,1985). Comparison of "C-NMR
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assignment of HA-2 and lupeol together with "H-NMR assignment of HA-2 are shown in Table

13.

HO m/z 426 \

/ HO
m/z 411
.|.
&,
——
HO
m/z 207
m/z 218
v
v
_ 4 )
H,C f
Z m/z 189
L N m/z 393
m/z 204

Scheme 4. Mass fragmentation of compound HA-2



Table 13. 'H and "°C-NMR assignments of compound HA-2 and reported data of lupeol
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(in CDCl,).
Position Compound HA-2 Lupeol

d5H 5C 5H 5C

1 38.7 38.7
2 27.5 27.4
3 3.17 (dd, J=10.8,5.1 Hz) 79.0 3.20 (dd, J=10.6 Hz) 78.8
4 38.9 38.8
5 55.3 55.2
6 18.3 18.3
7 34.3 34.2
8 40.8 40.8
9 50.4 50.4
10 372 37.1
11 20.9 20.9
12 25.2 251
13 38.1 38.0
14 42.8 42.8
15 27.4 27.4
16 35.6 35.5
17 43.0 42.9
18 48.3 48.2
19 2.35(td;J=11.4,11.4,5.7 Hz) 48.0 P.38(ddd;J=10.6,10.6,5.3 Hz) 47.9
20 151.0 150.6




Table 13. 'H and "°C-NMR assignments of compound HA-2 and reported data of lupeol

(in CDCl,) (continued).
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Position Compound HA-2 Lupeol

SH 5 C dH 5 C
21 29.7 29.8
22 40.0 39.9
23 0.94 (s) 28.0 0.94 (s) 28.0
24 0.73 (s) 15.4 0.76 (s) 15.4
25 0.80 (s) 16.1 0.83 (s) 16.1
26 1.00 (s) 16.0 1.03 (s) 15.9
27 0.91 (s) 14.5 0.96 (s) 14.5
28 0.76 (s) 18.0 0.79 (s) 18.0
29 4.54,4.66 (br s) 109.3 4.57,4.68(dd; J=1Hz)| 109.2
30 1.66 (s) 19.3 1.67 (brs) 19.3

Therefore, it was concluded that compound HA-2 is the triterpenoid lupeol, having

the structure as shown below :

Lupeol
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The lupane triterpenoid lupeol can be found in a variety of plant sources (Hasmeda
et al., 1999). In Sapindaceae, the compound has been isolated from the bark of Schieichera
oleosa (Dan and Dan, 1987). The toxicity of lupeol is very low (Patocka, 2003), and it has
been found to exhibit some interesting bioactivities including anti-inflammatory (Akihisa et al.,
1996; Rajic et al., 2000; Fernandez et al., 2001; Mitaine-Offer et al., 2002), antiarthritic
(Kweifiookai and Carroll, 1993; Kweifiookai et al., 1995; Geetha and Varalakshmi, 1998),
antibacterial (Woldemichael et al., 2003), and cytotoxic activities (Moriarity et al., 1998; Wada,
lida, and Tanaka, 2001), as well as in vitro inhibitory activity against Plasmodium falciparum

(Alves et al., 1997 ; Ziegler et al., 2002).



126

T: + ¢ Full ms [ 50.00-650.00)

189

@
—
o™~

426

517 536 538

503
I

4?1
i

411

297 318

257

204

67

[TTTTTT
o {Te]
o o
=

___%__,_

AR R UL R AR L AN R R RR RA
w o el o Te} o w0

o]

w

~

~

[Te}

w

o] w <t

a0UBpUNQY SAnERY

Ay

(3]

oy

e = =
T JTTTT T T T v T T i i T rR T T I T T [T T T TTITTI T TTTT _4—..1_,.
(=] w) o wy o o (=] w o w

[aV]

5

o~ — -

476

250 300
m/z

200

150

Figure 11. EIMS of compound HA—2J



mJ,
i
i
o
|
3
HOA{ 4 2
e
[ '30} [ I | eﬂ [ I aio IO
3 40 0
o 500 00 a0, - 1800 7600 | 4 120 1000 0 60

Figure 12. IR spectrum of compoound HA-2

21



an ! LN

3 g

_3_ L3 i B g gl I T T Sl | T
70 6:5 6.0 55 5.0 4.5 4.0 35 3.0 2.5 2.0 155 1.0 0.5 ppm

ki

e ¢ ot e v e J

Figure 13a. The 300 MHz 'H-NMR spectrum of compound HA-2 (in CDCl,)
3

8cl



§.601

19
3.175
3.156

3.1:39

——d4.543

/3. 92
= 5
g
= o

7 4.6

S ppm 53

19
2
L | 30 T
\

i l l i
LAk b e
T \ \ T T T TO Ty e T Y T G TG0y T T T \ ) T

2 2.4 23 ppm 29 w ppm 1.7 1.6 L5 1.4 | "4 1.2 1.1 Lo 09 0.8 0.7 ppm

Figure 13b. The 300 MHz "H-NMR spectrum of compound HA-2 (expanded)

6Cl



TL6S1 -
801791 J/

L

| 6rIsT n/////r
81+LT =
i b LT ///
£86'LT /H
889°67 —
08 6E ——

|
]

| €8T ——
| P8CSE ——
]

\

OLI'LE — 7

8S0°8¢€ |\\\1
| se /)
| g otRge \\ £

‘\1

666'6€ /1 /-
_ q.mx,.:..u\\,‘
0S8°Th \W
66Tt \ /
136°LF \\
60E 'SP -
_ evtoc Jf
| Cogise
LLS'9L

666 9L 11/1.

(il s~

01€7601

FEHOL ] ———

130

[T T T e

60

20 10 ppmy

30

50

110 100 90 80 70

150 140 130 120

160

70

Figure 14a. The 75 MHz “®C-NMR spectrum of compound HA-2 (in CDCI,)




131

PEOOST

20
T

75 ppm|

T
80

T
85

150 145 140

155

CHEpl ——
.
7651
0191 —
C66° L1 —
91E8] ——

ceel

OE6UE———

6RlCE i ———

4 0\ W,

IPY LT~

£86°LT

889°6
DER 6

NFININS

pprrw

30

35

40

Figure 14b. The 75 MHz "C-NMR spectrum of compound HA-2 (expanded)




R I T T I T T T T I T T T T T T T T
160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
DEPTY0
S T " L L ™ PR 11 g i, m PP e . Ladiage Lo Y
i s pot iy s S i o bl pondy
i | T T T T T T T T | P T ] T T T I T
160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
13C
3 9
5
20 29
| | .”. ‘ ilh i[\J s JJJ.”’_
REER! T I T R T I 2.5 p T RELE T Sk REiE [ R T T T T T iz
1500 150 140 130 120 110 100 00 30 70 60 50 40 30 20 10 ppn

Figure 15a. The 75 MHz “C-DEPT NMR spectrum of compound HA-2 (in CDCI,)

cel



DEPT135

30 25 20 15 10

85 80 75 70 65 60 55 50 45 40 35 > ppn
DEPT9()
e eviipob st e - PPN u At b P T Gy it v_l.].:.. e o i 7
T T T T T T | T T T T I T I T
83 80 75 70 65 60 55 50 45 40 - 30 25 20 15 10 by ppn
13C Il
|
3 B
ad 11
5 d: P04
19 1 1 H ‘ j !J I |
| Hlaalell
- ,\..lPJ\ JWJ). WAt ,‘_J_ A X ___._[ |\

T_ T T T T T I T T T T 1 I T T
835 80 75 70 65 60 55 50 45 40 35 30 25 20 5 10 S ppm

Figure 15b. The 75 MHz

“C-DEPT NMR spectrum of compound HA-2 (expanded)

eel



134

3. Structure elucidatin of HA-3

Compound HA-3 was purified by recrystallization from methanol (28.2 mg,

0.003 % yield). The compound gave a deep green color with the Libermann-Burchard test,

suggesting that it is a steroid. The EIMS of HA-3 (Figure 16) showed the molecular ion ( M+)
peak at m/z 412, corresponding to the molecular formula of C,,H,,0. Two fragment ions at
m/z 273 and 300 implied the structure of a A sterol with a nuclear double bond (Nes et al,
1976; lkram et al.,1987). These fragments could be explained as resulting from cleavage of
the side chain at C-17 and C-20, respectively. The base peak at m/z 271 was produced by
the loss of 2H from the fragment ion at m/z 273 while the peak at m/z 255 from the loss of

water (Scheme 5).

The 'H-NMR spectrum of HA-3 (Figures 18a-18c ) displayed a singlet of one
tertiary methyl at 8 0.53, doublets of two secondary methyls at 8 0.83 and 1.01 and
overlapping signals in the range of § 0.76 — 0.81 due to three methyls (9H), including one
primary (5 0.79; t; J=7.5 Hz), one secondary (8§ 0.78; d; J=6.1 Hz) and one tertiary (§ 0.78; s)
methyl. The signal of one hydroxymethine proton could be observed at § 3.58 (tt; /=8.8,4.6
Hz). The signals due to three vinylic protons appearing of § 5.01 (1H; dd; J=15.3,8.5 Hz) and
5.14 (2H; m), which showed intercorrelation in the COSY spectrum (Figures 22a-22c),
supported the presence of the disubstituted A% double bond and indicated that the other

double bond in the molecule is tribsubstituted.

The °C-NMR spectrum (Figure ©19) showed 'signals of 29 carbon atoms,
supporting the assignment of HA-3 as a steroid derivative. The DEPT and HETCOR
experiments (Figures 20a-20b and 21a-21b) displayed signals for six methyl carbons at §
12.1,12.3, 13.0, 19.0, 21.1 and 21.4, nine methylene carbons at 8 21.5, 23.0, 25.4, 28.5, 29.6,
31.5,37.1, 38.0 and 39.5, eleven methine carbons at 8 31.9, 40.3, 40.8, 49.4, 51.2, 55.1, 55.9,
71.1,117.5, 129.4 and 138.2, and three quaternary carbons at 8 34.2, 43.3 and 139.6.
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From the above information, HA-3 was proposed to be a CZQ—A22 sterol with a
trisubstituted double bond in the steroid nucleus. By comparing the NMR data of the
compound with those of literature values, HA-3 was suggested to be either a-spinasterol
(24S-ethylcholesta-7,22-dien-34-0l) or its 24R epimer, chondrillasterol. Comparison of 'H-
NMR and °C-NMR data of HA-3 with those of a-spinasterol and chondrillasterol (lida et al.,
1979; Akihisa et al., 1986) is shown in Tables 14 and 15, respectively.

a-Spinasterol (108)

Chondrillasterol (109)
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Scheme 5.
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-H,0

m/z 255

136



137

Table 14. 'H-NMR assignments of compound HA-3 (500 MHz; in CDCl,) and reported data of

a-spinasterol (270 MHz; in CDCl,) and chondrillasterol (270 MHz; in CDCl,).

OH
Position Compound HA-3 a-Spinasterol Chondrillasterol
3 3.58 (tt, J=8.8,4.6 Hz)
7 5.14 (t, J=11.9 Hz)
18 0.53 (s) 0.55 (s) 0.54 (s)
19 0.78.(s) 0.81 (s) 0.81(s)
21 1.01 (d,J=6.7 Hz) 1.03 (d,J=6.6 Hz) 1.03 (d,J=6.5 Hz)
22 5.14 (dd,J=15.2,8.7 Hz)
23 5.01 (dd,J=15.2,8.5 Hz)
26 0.83 (d,J=6.4 Hz) 0.85 (d,J=6.5 Hz) 0.84 (d,J=6.5 Hz)
27 0.78 (d,J=6.1 Hz) 0.80 (d,J=7.0 Hz) 0.79 (d,J=7.0 Hz)
29 0.79 (t,J=7.5Hz) 0.81 (t,J=6.5 Hz) 0.81 (t,J=7.2 Hz)

Table 15. "°C-NMR assingments of compound HA-3 (500 MHz; in CDCI,) and reported data

of a-spinasterol (270 MHz; in CDCI,) and chondrillasterol (270 MHz; in CDCl,).

Position

oC

Compound HA-3

a-Spinasterol

Chondrillasterol

37.1
31.5
711

37.2
31.6
711

37.2
31.7
711
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Table 15. "°C-NMR assingments of compound HA-3 (500 MHz; in CDCl,) and reported data

of a-spinasterol (270 MHz; in CDCl,) and chondrillasterol (270 MHz; in CDCl,).

Position oC
Compound HA-3 a-Spinasterol Chondrillasterol
4 38.0 38.1 38.1
5 40.3 40.4 40.4
6 29.6 29.7 29.7
7 117.5 117.5 117.5
8 139.6 139.6 139.6
9 49.4 49.6 49.6
10 34.2 34.3 34.3
11 21.5 21.6 21.6
12 39.5 39.6 39.6
13 43.3 43.3 43.3
14 55.1 55.2 55.2
15 23.0 23.1 23.1
16 28.5 28.5 28.4
17 559 56.0 56.0
18 12.1 12.1 12.1
19 13.0 13.1 13.1
20 40.8 40.8 40.8
21 211 21.3 19.0
22 138.2 138.2 138.1
23 129.4 129.5 129.6
24 51.2 51.3 51.3
25 31.9 32.0 32.0
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Table 15. °C-NMR assingments of compound HA-3 (500 MHz; in CDCl,) and reported data
of a-spinasterol (270 MHz; in CDCI,) and chondrillasterol (270 MHz; in CDCI,).

Position oC
Compound HA-3 a-Spinasterol Chondrillasterol
26 21.4 21, 20.9
27 19.0 19.0 21.3
28 25.4 20'5 25.5
29 12.3 12.3 125

The NMR data of ea-spinasterol and chondrillasterol were very similar; however,
significant differences in the "H-NMR spectra could be observed in the C-26, C-27 and C-29
methyl proton region (ca & 0.75 — 0.90) when the spectra were measured at 270 MHz (lida et
al., 1979). The doublets due to the C-26 and C-27 methyl protons of a-spinasterol appeared
at higher field while the triplet due to the C-29 methyl proton at lower field than the
corresponding methyl signals of chondrillasterol, causing different spectral patterns which
can be used as diagnostic feature in identifying the two isomers. Comparison of such
spectral pattern of HA-3, measured at 300 MHz, with those of: a-spinasterol and

chondrillasterol (lida et ‘al., 1999), as shown in Figure 23, indicated the agreement between

HA-3 and a-spinasterol.
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C-19
C-19
C-29 C-19
C-27 | | C-27
Cc-27
C-29
C-26
C-29] 1C-29
C-29
-29
C-26
C-26 C-27
C-26
(A) (B) (C)

(B) a~spinasterol and (C) chondrillasterol.

Figure 23. "H-NMR spectral patterns of the C-26, C-27 and C-29 methyl signals of (A) HA-3

Therefore, it was concluded that HA-3 is the known A% —24 ethyl steroid with 24 S

HO

configuration, a-spinasterol.

a-Spinasterol
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a-Spinasterol is widely found in higher plants (lida et al, 1979), including Saponaria
officinalis (Henry and Chantalat-Dublanche, 1985), Lagenaria leucantha var. gourda, Citrullus
battich (ltoh et al., 1981), Phytolacca americana (Woo, 1974). This compound has never

been previously reported as a constituent of plants in the family Sapindaceae.

a-Spinasterol has been reported as possessing anti-inflammatory (Frotan et al, 1983;
Zhou et al., 1985; ElI-Sawu, Hashem, and Biuomy, 2003), antipyretic (lkram et al., 1987) and
antigenotoxic (Irene et al., 1996) activities. It induced necrosis of primary roots and resulted
the death of the plant and also inhibited growth of Mucor racemosus, and it showed weak

cytotoxicity to two animal cancer cell lines (L 1210, K 562) (Mi, Hwan, and Sam, 1996).



T: + ¢ Full ms [ 50.00-650.00)

1004

957

[=2] D = =~ [e] [ee] w
(=] (3] o w o [} (13

1 0 o I 0 e I G ST S

(8.}
w

11

Relative Abundance
(6]
i

o]
(4]

(] w w
o &
Lo bevad o o o b

)
w

10

271
l272
253 2|?5
|
i iq 412
aio 145 159 g : 300
105 173 | | 299
|91 | 131 199 229 [25? ‘ : 3??
I ‘ 121 38 175 215 246 |i \
67 I |l | i | 58 ' 285 I < - 413
Sl i | | | 314 327 E ‘
‘ N “‘u“\'ﬂ LT e Sl b S ol S 2g | 26201\ a0 || 414 s 419 49
3 PRl T ”"l' i Bl ¥ .
100 150 200 250 300 350 400 450 500
miz

Figure 16. EIMS of compound HA-3

vl



55—
50
45
40—

35~

K|y

20.0

| | | [ | I [ |

[ [ I
0 80
4000.0 3500 3000 250 2000.0 1800 1600 1400 1200 1000 800 600 200.0

Cu-1

Figure 17. IR spectrum of compound HA-3

Evl



T

\\2.0571
‘\ 1.0245

12.6603

6.6850

4.0365

N L.a000
\»2.1549
. 0.5414
=———2. 3123
‘_;_\—‘_-‘—;

S onlg, 3748

13,0305

i

|
-
LJ*_) L‘““"'"“ﬁ’fﬂfﬂ‘

Bl
9.6, 5.4

I, <1l
9,240 510

b MN
MMTATINE VASINTT T TYe Ty J ! r S !
4.6 4.47@20 A0 HEREONSEE B.24 3 LEVS

N4 U T T J Ll
Yo Weld 4.2 .o BB M. QiYW Ry Li.0 0.8 0.6 0.4

T
0.2

Figure 18a. The 500 MHz "H-NMR spectrum of compound HA-3 (in CDCl,)

vl



19

ELa

29

1e”
i iy
TE’

¥9°

€6°

VE

7
o

g
@ .
goz = T — % N °
[
|

£
Afle
. 1L E;
SBE oy il

8 = & ==t ¢
B8E — —————— e
E6E — ———e e e S ol 1 o
o)) = s
00y — N e G
>
,_ r o
S 1
Ty T R T =
6 lrli\v I (=]

- o~ I_ .

gIy l”l‘ll‘lH\’l} 5 n/h
d o

95

0G”
{9°

[k
0L°

489 e
FEaAr —
269 _
Y69 -1 —=

0e
LY
69
25

TS6Y —

6y —

R e

|
678 — ik

?99 —

£99 — S

9.8 —
189 =

R
1.02 1.00 0.98

T

I

|G
20 4.48 1,46 4,14 1,12 1.10 1,08 4,06 4.04

e |

T r'l

1
1.24 4.22 |

T 1

|

—T

T

1,38 1.36 4,34 4,32 1.30° 4,28 1.26

Figure 18b. The 500 MHz 'H-NMR spectrum of compound HA-3 (éxpanded)

145



ppm

1,44 1.42 1,40 1.38

L

= ) I L I
1.64 4.62 1,60 1,58 4.56 1.54 1,52 4,50 1.48 1.46

T

e S R

T

L L (O | [ S PR
1.84 1.82 1,80 1.78 1.76 1,74 4.72 1.70 1.88

() 1 e e | I]"I‘I_TII'I'E'I'IW—I i)

T

146

i
1.96

56° 966 -

[an]
-
qu
(= Nu)Bs)Re))
L all=) Neple)]
N
P
II HO
1
P et

[
—
2,04 2.02 2.00 1.98

22"
9E 00T
2070707
T2°210} — ==
gr-
6L°9F0F /- L
26

w
—
=
!
I

T

=

=

&
T

abr 201 _«
36°9LLF — =
9G718LF a —
BE"E2LT — — =

Zes art B s . B

Y5 26LT
BE¥BLT ——

92B6LT —
¥2°£08T —

10 c6ke — —
8670052 — g

{e’ L6082 — —_——

3.62 3,60 3.58 3.56 3,54

23
T

1876752 —

Figure 18c. The 500 MHz 'H-NMR spectrum of compound HA-3 (expanded)

5.04 5.02 5.00 4,98

X

T

€6 /56c — —_

27
I

Lk "996¢ — .
vr0L8C — P
887 clSe — ==

T
5.16 5.14 5.12

EL 7 185¢ — —

T




- w (=) (32

0w [12] n SO~ DNOLUONNOSTORMVUMMSMNOMW O

- ~t = AN TSI OM A~ OMON O Y ~OMO MW

cr;q;; 01- . O TUNODAUT D ST ONMOonmmMmodoNo
~ e - W . Ol . . . . . s . s e e

mm oJ ~ WD <1 MM O OO}~ ~ T )0 ) - mouod

-~ el - wn IO MMmMmmodod g v

RN/ 1. 064

T ] T l T I T | T | T T T I T I T T T T T ] T I T I T i T 'I T [ T l T I T I T ] T I T ] T 1 T I T l T ' T | T i T J
145 140 135 130 125 120 145 440 405 400 95 S0 B5 80 75 70 B85 60 55 50 45 40 35 30 25 20 15 10 5

T
0

Figure 19. The 125 MHz “C-NMR spectrum of compound HA-3 (in CDCl,)

pA4!



DEPT135

DEPTS0

8 22 23 4
J‘ 17
\

4 e v

s B | &

wr e ha

145 140 135 130 125 120 145 110 105 100 95 90 85 80 75 70 (65 60 55 50 45 40 35 30 25 2015 40,

\||Ir|t||||I<|||1||||||\T|I‘|!xl[1[1]z||l"l|l

5

Figure 20a. The 125 MHz “C-DEPT NMR spectrum of compound HA-3 (in CDCI,)

8rl



DEPT135

Al

22

DEPTI0

WMMM«LLJMJ\NVL&WMW v@mwwww&wwm\lw&wﬂwww B A s VAR

VA'IWWWVWM ,wwj fmawhw WAWT\/T[ e A \P"'\Wwf\w:
29

IR e A

T lil]T
I]l[llfll"'YlIlI'Ill[rIlIlTlll|
44 43 42 41 40 39 38 37 36 3534 33 32 31 30 29 28 27 EG 25 24 23 22 21 EU 19 18 17 15 15 14 13 1211 iO

Figure 20b. The 125 MHz C-DEPT NMR spectrum of compound HA-3 (expanded)

6rL



- S e

PP aronr . Emes mosou-—o
Bt B S 0B EPCO G GeaS I = 8D M SO CU S - O

T
160

T
140

T
120

F@mema.ﬂm?ﬁMHzMﬁCHEmmRNMRammmmoﬁmmmmmFma(

T
100

80

T
60

40

20

0

ppm

in CDCI,)

051



0.5+

0.0

0.5

2.0+

2.5

3.09

354

Lam) oD
o
= =D
o -
i
- @@
s 2]
O
x
[w]

55

50

T T T » T T T
45 40 35 30 25 20 15 ppm

Figure 21b. The 75 MHz 'H-"C HETCOR NMR spectrum of compound HA-3 (expanded)
g

LGL



21 18

22
o
Ppm | ;_

| ?
0— 18

| i =
1_3 L] 21

] "

] 2]

] b P
2—: Q
3 » =

] 4

] ¢

L y. s 3
4 Lo

] ¢

& 22
5_ % Qaaﬁ - g"

5 : !
6
74

1 ] —

] :
8 :

s Pl i BfEEEEnaRE © [rr AEgEagRa g PEREAnERS: e s B
8 7 6 S 4 3 2 1 0 ppm

Figure 22a. The 300 MHz 'H-'H COSY NMR spectrum of compound HA-3 (in CDCl,)

¢Sl



ppm

21

0.4
06-
o8-
10

1.2+

4

0
A

)

] g I ! I j I j I i 1 3 I i I J T
20 ‘18 16 14 12 10 08 06 04 ‘ppm

Figure 22b. The 300 MHZ 'H-'H COSY NMR spectrum of compound HA-3 (expanded)

€61



18

21
22
7M23 3

ppm o

] 7
0.0}

] 18
0.5 )

Z ® ]
1.0*: '

] 1
1.5 2l

b B

2.0+ o}
2.5
3.0-] : e

] . §
y. — =
4.0+ »

] L
4.5 ‘

] M 23
5.0 ® o %22

] * @ o ’

] 0% ’ ) 7
Si5i=t
6.0~ e e e e

6 o) 4 3 2 1 0 ppm

Figure 22c. The 300 MHz

'H-'H COSY NMR spectrum of compound HA-3 (expanded)

Sl



155

4. Structure elucidation of HA-4

Compound HA-4 was recrystallized from methanol as colorless crystals (380.6 mg,
0.035% vyield). The IR spectrum of HA-4 (Figure 25) exhibited OH band at 3350 cm’. Its "H-NMR
spectrum (Figures 26a-26b) displayed a three-proton singlet for a methoxy group at & 3.30, a
double doublet at § 3.09 (J=9.5,3.1 Hz), a pair of quartet-like signals at § 3.67 (J=3.7, 3.4, 3.4 Hz)
and 3.85 (J=3.7, 3.4, 3.1 Hz), and a group of three one-proton signals at § 3.25 — 3.45. Five
doublets for hydroxyl groups were also observed at & 4.26 (J=5.8 Hz), 4.39 (J= 4.3 Hz), 4.42
(J=4.6 Hz), 4.60 (J=3.7 Hz) and 4.62 (J=3.7 Hz). The "C-NMR spectrum (Figure 27) showed
seven carbon signals, indicated by the DEPT (Figure 28) and HETCOR (Figures 29a-29b)
experiments as those of six methine carbons at & 68.2, 70.6, 72.2, 72.4, 73.5, 81.2 and one
methyl carbon at & 57.2. All this information suggested the structure of a pentahydroxylated
monomethoxylated cyclohexane for HA-4. The molecular formula C,H,,O, of the suggested

structure was also supported by its EIMS (Figure 24) which showed [M+1]" at m/z 195.

Assignments of all the proton signals were achieved by the analysis of the "H-"H
COSY spectrum (Figures 30a-30¢). The double doublet at 6 3.09, which was due to the methoxyl
substituted methine proton as indicated by its correlation with the carbon resonance at § 81.2 in
the HETCOR spectrum, was used as the starting point. This proton signal displayed cross peaks
with two signals at.8 3.85 and 3.36." The former at 8 3.85 was correlated to a signal at § 3.67
which was moreover correlated to-a signal at 5 3.42. The latter at 6 3.36 exhibited cross peak
with a signal a.8 3.28 which was in turn correlated to the signal at 6 3.42." All these cross peak
correlations led to the assignments of all the ring protons: The signals for hydroxyl groups could

be readily assigned through their correlations with the ring proton signals.

The orientation of hydroxyl groups and a methoxyl group on the cyclohexane ring

was determined on the basis of coupling constant analysis, and the result led to the
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establishment of 2-O-methyl-chiro-inositol (quebrachitol) as the structure for HA-4. 'H and "°C
NMR data (in DMSO-d,) of HA-4 together with the reported data (in D,O) of L-quebrachitol

(Agrawal and Singh, 1994) are shown in Tables 16 and 17, respectively.

Table 16. 'H-NMR data of compound HA-4 (in DMSO-d,) and L-quebrachitol (in D,O).

Position oH
Compound HA-4 L-quebrachitol
1 3.85 (ddd, J=8.7, 3.4, 3.1 Hz) 4.25 (t,J=3.2 Hz)
2 3.09 (dd, J=9.5,3.1 Hz) 3.39 (dd,J=9.5, 3.2 Hz)
3 3.36 (ddd, J=9.5, 9.2, 4.6 Hz) 3.62 (t,J=9.5 Hz)
4 3.28 (ddd, J=9.5, 9.2, 4.3 Hz) 3.60 (t,J=9.5 Hz)
5 3.42 (ddd, J=9.5, 5.8, 3.4 Hz) 3.74 (dd,J=9.5, 3.2 Hz)
6 3.67 (ddd, J=3.7, 3.4, 3.4 Hz) 4.05 (t,J=3.2, 3.0 Hz)
OCH, 3.30 (s) 3.45 (s)
1-OH 4.60 (d, J=3.7 Hz) -
3-OH 4.42 (d, J=4.6 Hz) -
4-OH 4.39 (d, J=4.3 Hz) -
5-OH 4.26 (d, J=5.8 Hz) -
6-OH 4.62(d,; J=3.7Hz) -




Table 17. °C-NMR data of compound HA-4 (in DMSO-d;) and L-quebrachitol (in D,O).

below.

Position o6C
Compound HA-4 L-quebrachitol
1 68.2 67.8
2 81.2 80.7
3 724 71.9
4 73.5 73.0
5 70.6 70.1
6 72.2 71.8
OCH, 57.2 56.9
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Therefore, HA-4 was identified as quebrachitol, the structure of which is shown

Quebrachitol
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Quebrachitol is a natural inositol methyl ether which can be found in a number of plants
eg. Aspidosperma quebracho of the Apocynaceae (Schilling, Dittrich, and Kandler, 1972),
Hevea braziliensis of the Euphorbiaceae (Schmatz et al., 1988), Artemisia nilagirica of the
Compositae (Agrawal and Singh, 1994) and Sapindus rarak (Chung et al., 1997) as well as
Harpullia pendula (Cherry et al., 1977) of the Sapindaceae. It was also detected in the protozoa
Eimeria tenella (Schmatz et al., 1988). This compound was found to exhibit hypoglycemic effect
in hyperglycemic situations and therefore may be useful in the treatment of diabetes mellitus type

2 (Musalmah et al., 2001).
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Figure 26b. The 500 MHz 'H-NMR spectrum of compound HA-4 (expanded)
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Determination on /n Vitro Stimulation of Lymphocyte Proliferation

The results obtained from lymphocyte proliferation assay are shown in Tables 22-
26 and Figures 34-36. % Stimulation and % Cytotoxicity reported in the tables are
expressed as the mean X S.E.M. . Statistical differences were assessed by the student’s t-
test with P < 0.05 considered significant. The values with P > 0.05 are marked with the
symbol .

The crude ethanolic extract of the leaves of Harpullia arborea exhibited both
stimulatory and cytotoxic (inhibitory) effects on lymphocyte proliferation (Table 18, Figures
31a-31b). The extract enhanced the proliferation at concentrations up to 12.5 mcg/ml; at
higher concentrations, the proliferation was inhibited. Both the hexane and chloroform
extracts showed cytotoxic effect (Table 19, Figure 32) while the methanol extract and
quebrachitol (compound HA-4) showed stimulatory effect (Table 20, Figure 33) at all tested
concentrations. The minimal concentration used in testing the hexane and chloroform
extracts was 12.5 mcg/ml, since in this experiment if a sample did not show the stimulatory
effect at this concentration, it was considered as not interesting for further tests at lower

concentrations.

Table 18. Effects of crude ethanolic extract on lymphocyte proliferation

Concentration % Stimulation % Cytotoxicity
(mcg/ml)

1.6 30.571+6.72 ¢
3.1 49.01£5.12 -
6.3 36.15%£5.33 -
12.5 20.58 = 4.49 -
25 - 17.60£2.47 ¢
50 - 44.44 £ 4.41
100 - 83.31£3.54
200 - 93.53+7.50
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Figure 31a. % Stimulation of crude ethanolic  Figure 31b. % Cytotoxicity of crude ethanolic

extract on lymphocyte proliferation extract on lymphocyte proliferation

Table19. Effects of hexane and chloroform extracts on lymphocyte proliferation.

Concentration % Cytotoxicity
(mcg/ml) hexane extract chloroform extract
12.5 9.583 + 5.67 7.831+1.68
25 101.88 £ 0.69 20.79£6.25
50 104.10 £ 1.26 50.99 +£4.75
100 103.78 £ 1.18 86.48 +3.03
200 103.74 £1.18 96.83 = 1.66

[ hexane extract
[ chioroform extract

150

100
[ H H

Y%cytotoxicity

1256 26 50 100 200

concentrauon (mecg/mi)

Figure 32. % Cytotoxicity of hexane and chloroform extract

on lymphocyte proliferation.
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Table 20. Effects of methanol extract and quebrachitol (compound HA-4) on

lymphocyte proliferation.

Concentration % Stimulation
(mcg/ml) Methanol extract Quebrachitol
1.6 17.10 £ 0.33 17.19 £5.50
3.1 18.80 £1.83 13.29 +1.06
6.3 25.97 £3.45 15.63 £ 2.77
12.5 29, 32 a5 3 8= i WA
25 40.16 £ 3.85 36.44 £ 5.35
50 4341 +£3.15 45.68 £ 1.48
100 44.66 t4.25 43.10 £6.85
200 983577 ¢ 37.49 £ 4.64
60

[ Methanol extract

| E compound HA

Y%stimulation

1.6 3.1 6.3 225025 50 100 200
wonwehtrauu s yT0Yn iy

Figure 33. % Stimulation of methanol extract and the quebrachitol

on lymphocyte proliferation.

The stimulatory effects of the methanol extract and quebrachitol were shown to be
dose dependent. The methanol extract exhibited remarkable effects at the concentrations
of 25-100 mcg/ml and, in case of HA-4, 25-200 mcg/ml. The effects of these two samples
were considered as interesting, compared with those of concanavalin A (Con-A) and

lipopolysaccharide (LPS) which gave 52.93 & 3.71 % stimulation at the concentration of 10
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mcg/ml and 58.61 £ 12.87 % stimulation at the concentration of 50 mcg/ml, respectively

(Table 21).

Table 21. Effects of concanavalin A (Con-A) and lipopolysaccharide (LPS)

on lymphocyte proliferation.

Compounds | Concentration % Stimulation
(mcg/ml)
con-A 10 52.93 £ 3.71
LPS 50 58.61 =12.87

In determining the cytotoxic effect on U-937 monocytic cell line, the CCs,, of
the tested substances were evaluated as shown in Table 22. The CC,, due to the effect on
splenic lymphocytes were also given in the same Table. For the methanol extract and HA-4,
the results demonstrated that both the extract and pure compound enhanced the

lymphocyte proliferation at non-cytotoxic concentrations.

Table 22. CCs,, of the extracts of Harpullia arborea and quebrachitol (compound HA-4)

Tested substance CCs,, (mcg/ml)

U-937 Splenic lymphocytes

Crude ethanolic extract 51.48 92.06
Hexane extract 62.58 <12.5
Chloroform extract > 200 50.93
Methanol extract > 200 > 200

L-quebrachitol > 100 > 200




CHAPTER V

CONCLUSION

Investigation of the leaves of Harpullia arborea led to the isolation of four
compounds: two triterpenoids, one of which is a new 24-norhopene type triterpenoid
identified as 3p-eicosanoyl-64-hydroxy-21aH-24-norhopa-4(23),22(29)-diene and the other
is lupeol; a sterol, a - spinasterol (24S-ethylcholesta-7,22-dien-34-0l); and an inositol
derivative, quebrachitol.  The chemical structures were identified and elucidated by
spectroscopic techniques. The methanol extract and quebrachitol were demonstrated in
vitro to have Stimulatory effect on lymphocyte proliferation. Further study on the chemical

constituents from different parts of this plant should be performed.
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