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ABSTRACT

The unsaponifiable part of the petroleum ether soluble fraction of the leaves of Tetrapanax Papyriferus was analysed by
GLC to reveal the presence of a series of hydrocarbons from Cig to Ca, cholesterol, campesterol, stigmasterol and f-sitosterol,

Sixteen fatty acids were identified in the saponifiable part. The butanol

ic fraction was chromatographed on silica gel column and

preparative TLC to afford three monodesmosidic triterpenoid saponing. The structures of these saponins have been established by
FAB-MS, IR and 'HNMR as well as on the basis of acidic hydrolysis. The three isolated saponins showed high molluscicidal
activity against Biomphalaria alexandrina , the intermediate host of Schistosoma mansoni in Egypt (LCso = 9, 14 and 22 ppm).

INTRODUCTION

Schistosomiasis is among thc most important
health problems in many countrics. There arc greal
expectations in ‘the potential control of this tropical
parasitic discase, by intcrruption of ils life cycle, by
clemination of its snail vector using a safe, non-toxic
and inexpensive molluscicides® ™.

Plant molluscicides have been emerged as
available alternative for this purposc™”, Since the
discovery of saponins as the potent molluscicidal
principles in the fruits of Phytolacca dodecandra,
several saponins and plant extracts have been evaluated

for molluscicidal activity .

Plants of the family Araliaceae have been
subject of considerable phytochemical investigations
due to the therapeutic activity of many of these plants.
Triterpenoid saponins . of dammaranc and oleanane
skeletons - are considered to be responsible for their
biological activity “*?.

In the course of our systematic screening studies
of medicinal plants for molluscicidal activity®*'”, it
was observed that the methanolic extract of
Tetrapanax papyriferus (Araliaceac) showed an activity
of 200 ppm within 24 hours against Biomphalaria
alexandriana, the intermediate host of Schistosoma
mansoni in Egypt. Meanwhile, screening the available
literatures showed that nothing were reported on the
lipid and  molluscicidal ~saponin contents of T
papyriferus lcaves. Therefore, the present work deals

with the study of the lipid content and isolation of some-

molluscicidal saponins from this plant.

EXPERIMENTAL

General Experimental Procedures : .
~ Melting points were uncorrected . The EI-MS
were  recorded on MAT9S  high-resolution  mass

speclerometer  using  a direct inlet. FAB-MS  were
determined in a thioglycerol materix bombardment
wilh Xenon gas. The 'HNMR were measured on a
Varian 270 MHz Spectromeler using TMS as internal
standard and chemical shifls are expressed in ppm. IR
spectra were recorded on a Perckin-Elmer model FT-IR
recording spectrophotomeler.

TLC was performed using silica gel 60 GFasq .
Spots were visualized by spraying with 40% HSO4
followed by heating at 120 °C.PC of sugars were run on
a Whatmann No. 1 paper using solvent system IV and
detected with aniline-phthalate.

Column chromalography was performed using
glass column (5 x 120 cm) using silica gel as stationary
phase. For chromatographic studies the following
systems were used '

) CHCl, :McOH:H,0(13:7:1)
I) CHCl; :McOH : H;O(13:7:2)
1) . CHCl; :McOH (19:1)

1V) n-BuOH:AcOH : H0(4:1:5)

GLC analysis of the unsaponifiable matter was
carried out on a GCV Pye Unicam gas chromatograph
equipped with a dual flame ionization detector and a
dual channel recorder using a coiled glass column (2.8
m x 4 mm) packed with diatomite C (100-120 mesh)
and coated with 1% OV-17, Oven temperature was
programmed at 10°C/min from 70 - 270°C then run
isothermally at 270 °C for 25 min. Nitrogen flow was
30ml/min. Delector and injector temperatures were
generally 300 °C and 280 “C respectively. Hydrogen
and air flow rates were 33 and 330 ml/min,
respectively.

GLC analysis of the fatty acid mdhyl eslers was
performed adopting the  previously mentioned
conditions excepi the following :
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Plant Meterial :

The leaves of Tetrapanax papyriferus Koch
(Araliaceac) were collected in July 1995 from the
Rotanical Garden of E|-Zolria, Cairo, Egypl. The plant
was kindly authenticated by Eng. Badia H. Diwan
Engincer of Orman Garden). The leaves

(Agriculure
and powdered by electrical mill.

were shade dried

Investigation of The Lipid Content ©

The air-dried ‘leaves of Tétrapanax papyriferus
cted with methanol (4 X 3.5L.)at
room temperature.  The methanolic extract (70 g) was
defatted with petroleum ether (60-80 °C) 3 X 200 ml)
and then suspended in  water and successively
panitioncd with CHCl3 (4 x 250 ml), EtOAc (3 X 200
mi) and n-BuOH (4 x 200 ml) to yield 12, 3,6and 26 8

respectively.

(1.0 kg) were extra

The petroleum ether extract (12 g) was
saponified with methanolic potassium hydroxide (10%)
for 8§ hours. The unsaponifiable fraction (USM) and
fatty acid methyl esters (FAME) were prepared (20-22).
GLC analysis of USM and fatty acid methyl csters
(FAME) of the leaves were carried out adopting the
conditions mentioned before. The identification of
USM and FAME were carried out by comparing their
retention times with those of the available references .
The results are listed in Tables 1 and 2 .

Extraction and Isolation of Saponins :

The butanolic fraction (26g) was chromatographed
on silica gel column using @ gradient CHCl3-MeOH as
eluent. Repeated column chromatograhy yielded three
major fractions.Fractions cluted with CHdg:Md)H {0:
30), (40 : 60) and (10 : 90) comained saponins 1, 2 and 3.
respectively . ’

Saponin 1 was obtained by recrystallization from

methanol whereas saponins 2 and 3 were purified by

preparative TLC using solvent sy
: reSP?ﬂiV(:]y, & systems I and II

: Sap;;nin 1; was obtained as a white powder; mp 232
: 2(3; C,ﬂR_;OI.BG (solvent system I). IR (KBr) cr;l" P341g
.-:.(7351')’ ;.9.27I< 1695 (COOH), 1632, 1385, 1070 ,1020
©.-785, 582, '"HNMR & 0.78-1.23 (6 Me-groups)’, 1.59,

- {3H, s, Rha-Me), 4.82 (1H, d, Ara, H-1), 5.04 (1 H, s

i ":p". E « . Do (]H, s, H -12
R (negarigve-amode); m/z 749 (M-HY, 603 )(MF_AB-Ms.
. ‘and 471 (M-H-Rha-Afa)’ ’ “H-Rha)

Saponin 2 us powder, mlp 239-242°C,
Ry 0.28 (solyent system 1). IR (KBr) cm™; 3412 (OH),
2032,1692 (COOH), 1635, 1385, 1075, 1000, 787, 581,
NMR 6 0.79-1.24 (6 Me-groups), 1.62 (3 H, d, Rha.
Me), 4.84 (1 1, s,Ara -1, 4 98 (1H, d, GleH-1), 5.09

518 (1H, s, H-12). FAB-MS

" ey iz 911 (M-HY, 749 (MCE-GIE), 603
a) and 471 (M-H-Glc-Rha-Ara)' .

Saponin 3 mp 232-233 °C, R;0.25
(solvent system 1. IR ry cm™, 3400 (OH), 2931,

. 1080, 781, 578. "HNMR &
0.76-1.21(7 methyl groups), 470 (1 H, d, GicA, H-1),
4.80 (1H, d, Glc, B-1), 4.96 (1H, s, Glc, H-1) and 5.17
(1H, 4d, H-12). FAB-MS (negative-mode) m/z 955 (M-
Hy, 793 (M-H-Gle), 631 (M-H-2 x Gle) , 617 (M-B-

Glc-GlA) and 455 (M-H-2 X Glc-GIcA) -

white amorpho

(negative-m
(M-H-Glc-Rh

white powder,

Acid Hydrolysis of Saponins 1-3

Each saponin (30 mg) was refluxed with 7%
H.S0, in 50% aqueous ethanol for 6 hours. The
reaction mixture was diluted with water and extracted
with chloroform (4 X 100 mi). The chloroformic extract
was evaporated to dryness to afford the aglycone part.
Each aglycone was identified by direct comparison with
authentic samples (mp, Mmp, co-tlc using solvent
system 11I) and through its mass fragmentation.
Saponin 1 and 2 gave hederagenin as aglycone; mp
318-320 °C, MS; m/z 472 M), 454 (M-H0 )", 426
(M*-HCOOH)", 395 (M'-HCOOH- CH,OH)", 248, 233,
203, 189 and 169. Saponin 3 yield oleanolic acid , mp.
304-306 °C, MS; m/z 456 (M), 438 M-H,0)', 423
(M°-CH;-H,0)", 248, 207, 203, 189 and 133.

The aqueous layer was neutralized with barium
carbonate and filtred and the filtrate was evaporated to
dry‘ncss. The residue was extracted with pyridine. The
reSIdule after distilling off pyridine was dissolved in
10% isopropanol and compared with standard sugars
on PC (solvent system IV).

Test For Molluscicidal Activity :

'Bz"omp halaria alexandrina snails were collected
frock ln.‘lgalion canals previously untreated withany
x(l}lgllusmcide in Abou-Rawash ten Kilometers {rom
Clan Coversomts (Bg7p0) wid Jegtin aiin sy
weeks . The { ﬂgm'g of de.chlormated water for three
o watér ! t(lalstskwere carried out by placing ten snails
material, Cont lnowm concentrations -of the tested
dechlorinated ‘;0 groups of snails were placed ¥
folowed b ater. The exposure time was 24 hour$
y 24 hours as. recovery period. Statistical

analysis of the da
. ta was. done ; . old
and Wilcoxon method ®». a_CCOI'dl‘r.lg to Litchfi |
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Tuble (1) GLU analves of USM of lipad

content of Detrapaman pagnriferur logves

‘ eak i I, Hetating Autheni
o | 012 11 n-Heaadecane
? . ‘ 0 IKS 1K H~“|“‘ll.‘!df\.’l!!€ {
[ 3 jo2% 206 n-Otadecane |
% 1 ’ 0273 012 n-Nonadecane :
S R 5 K1 n-bcosane |
l O TRIE TR Unknown :
!_ " 0404 479 | nMencicosane I

i ‘ 434 2.1 I n-Doconane Z

i TR 267 n- T ncosane |

10 | 0a9t tos | n-Tetracosane |

11 () 548 068 n-Hexacosane

12 06 182 nAOtcoNane

13 060 242 n-Nonacosane

14 Lo 069 Squalene

14 0747 1 62 n- I nacontane

16 O R2? ) M4 Cholesterol

17 | 0 Ra0 265 Campesterol

18 | 0869 16 38 | Shpmasterol

I.‘1”_ ) ] N 24 '?'»_" | J‘.“r\ll(M('r.nl___.__

-

R Ketontion tmw relative to S 8Nnosteral B, = 22 29

Table (2): GLC analvas of the fatry acid methyl
esters of hmd content of  [etrapanax pparijerus

leaves

A’I‘;-;.ni; T R, 1 Retatve Authentic
. N R . W E— —

T ow 088 Capne and
2 089 006 Unknown
3 060 007 Hendecanoic acid
4 009 0K Launic acid
s 072 048 Unknown
O 07 0.22 Lauroleic acd
b/ 081 0 Tndecanoic acd
b (1 86 RECt Myristic aoid
9 090 192 Myristolic aond
] 09l 162 Unknown
n 090 4058 Pentadecanoic acid
12 1.00 500 Palitic acid
IR 1 OR 1175 salmitolere acnd
14 IRE 208 Marganc acid
15 .17 EIR{E Stearic acd
16 1.20 8 Oleic aond
17 128 {33 Unknown

RS 143 820 Linolere acid

19 {102 1202 | Arachidic acid
20 1.76 0.34 Behenic acid

RR, Retention tinw tefative 10 methyl patmitie aad Ry= 1432

.

Bt et e e on §

RESULTS AND DISCUSSTON

: the petolesm ether  soluble fraction of the
methanolic extesct of Jetrapomay popyriferus leaves
aponified™ ™ wuh ale KOH  Both the
matter (USKG and fanty acid methiyl
estere (FAMI ) were cubjected o GLC analyers

Results of GLC analysis of USM (Table 1)
revesled that the magor hydrocarbons was n-hexacosane
(20 689 and the lowest was -n-nonadecaneg (0 125 %)

AL L

unsapenifiabie

Ihe aterol minture was represented by cholesterol,
campesterol,  sugmasterol and f-sitosterol where {1
wrosterol  recorded gh percent (24 26 %) On the
other hand, GEC analyas of the fanty acid methyl esters
(Table 2) showed twenty components, Sixteen of them
were idennfied  Palmine aad was the dominent one
(16 600 and the lowest was hendecanoic acid (0 07%)

Column chromatography and  preparative TLC
of the butanolic fraction afforded three compounds. All
the 1solated compounds showed positive reactions to the
Lichermann-Burchard and Molish tests as well as they
formed a froth when shaken with water

Saponin 1. was obtained as a white powder, mp
212234 °C The IR spectrum of this compound
revealed the presence of hydroxyl group at 3415 cm’,
free carboxylic group at 1695 cm’', double bond at 1632
em’, and a charactenstic® ™ plycosidic linkage at
1070 <1020 ¢’ The negative -lon FAB-MS spectrum
of sapomn | showed a deprotonated ion peak (M-H) at
m/z 749 indicating its molecular weight as 750 Other
fragments at uw/z 603 (M-H- Rha) and m/z 471 (M-H-
Rha-Ara)  corresponded to the subsequent loss of a
thamnose moiety and an arabinose moicty from the
deprownated 1on peak. This fragmentation patiern
indicated  clearly that thamnose was the terminal sugar
and the atabinose was the inner sugar &7 Also, the
HNMR spectrum showed two well resolved anomernic
sugar protons at & 504 and 6 3 82 for rthamnosyl and
arabinosy! units respectively. The  defimite signals for
ax ternary methyl groups of the aglycone appeared
between & 078 and 123, a charactenstic of vinylic
proton of H-12at 8 516, a signal of secondary methyl
group of thamnosy | moiety appeared at 8 1.59 -

Hydrohvsis  of compound 1 under acidic
condition afferded an aglycone which was idennfied as -
hederagenin by direct companson with an duthentic
sample on TLC using solvent  system 1 and by
companing s mass fragmentation  m/z 472,
454,426,408, 195,248,233,203, 189 and 169 with
published values #**%, The sugars obtained from the
hvdrolysates were idenfied as [.-arabinose and L-
thamnose on paper chromatography by comparison
with authentic samples using solvent system IV, On the
ather  hawd,  the results of biological testing
demonstrated that saponin 1 have high molluscicidal
activity  apainst Schisxosomiasis-tmnsmilting snails;
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‘ o after an
siomphalaria alexandrina (LCy = 9 ppm) a

exposure 24 hours |

This result led to the hypmhcs_is 'I‘!-":P‘!-‘g‘;mg)n”}]
1 monodesmosidic triterpenoid saponim , u.I I
basis of the above studies, saponin l'wns chmuf:lcnzcd
as 3-0- disaccharide of hederagenmmn possessing one
arabmose unit and one thamnose tmit.

Saponin 2: was obtained as a white amorphous
powder from methanol with mp 239-242 °C. Its IR
spectrum showed absorption of hydroxyl groups at 3412
cm’, double bond at 1635 cm™ and giycosidic linkage
at 1075-1000 em™ #4239 The "THNMR spectrum®39 of
this compound revealed six tertiary methyl signals of
the aglycone between 6 0.79-1.24, one olefinic proton
signal of H-12 at & 5.18 as well as three anomeric
proton signals of sugar moiety & 5.09, 4.98 and 4.84.
On  the other hand, negative -ion FAB-MS spectrum of
this compound exhibited the deprotonated molecular
ion peak at m/z 911 (M-Hy indicating its molecular
weight as 912, Fragments at m/z 749 (M-H-Glc), 603
(M-H-Glc-Rhay and 471(M-H-Glc-Rha-Ara) indicating
that a glucose unit is terminal and it is linked (o an
mner rhamnose  molecule which is linked to arabinose

and the arabinose moiety is attached to the C-3 of
hederagenin 7%,

Saponin 2 on acidic hydrolysis gave an aglycone
- which was identified as hederagenin by comparison
with authentic sample. Three monosaccharides; D-
glucose, L-rhamnose and L-arabinose were identified in
the  hvdrolysis solution through comparison with
authentic samples on PC  (solvent system IV),
Morecover, the high molluscicidal activity of this
saponin as shown in Table 3 against B. alexandrina
snails was LCyp = 14 ppm. Thus, saponin 2 is
monodesmosidic triterpenoid saponin © * and jts
Structure  was  clucidated as 3-O-trisaccharide of
hederagenin having glucose, rhamnose and arabinose
as a linear chain.

Saponin 3 was oblained as white powder with IR
spectrum showing hydroxyl groups absorptions at 3400
em’', carboxylic' group at 1690 em’!, C=C absorplions
at 1640 cm™ in addition to the characteristic glycosidic
absorption at 1025-1080 cm” 39 The FAB-MS
spectrum  (megative-ion mode) of this compound
exhibited a deprotonated molecular ion'peak at m/z 955
(M-H)" indicating a molecular weight as 956. Other
important fragments at m/z 793 (M-H-Glc) and 631

(M-H-2x  Glc)" corresponded to the simultaneous
elemination of two glucose unils from the deprotonated
ion. Additional fragments at m/z 617 (M-H-Glc-GlcA)
and m/z 455 (M-H- 2x Gle-GleA). This showed that
the two glucose units are terminal and they are linked
Mo oa glucuronic acid which attached 1o oleanolic acid at

position -3 of the aglycone® ). The anomer, Progg
configurations of (he sugars of this saponin Were fiyy,
defined by "THNMR spectral at 4.70, 4.80 and 4.96 fo;
one glucuronic acid as well as two glucose unifg
respectively 4%, Other signals of olefinic proton of .
12 appeared at & 5.17, seven tertairy methyl Broups of
olcanolic acid appeared at & 0.76-121 besige the
appearing of the characteristic glycosidic linkage 4
1025-1080 em™ in IR spectrum ®*29, Saponin 3 yya
hydrolysed with acid to yield D-glucose anq p.
glucuronic acid as sugar moeity by comparison wig,
authentic sugars on PC using solvent system IV ag wejj
as an aglycone, mp. 304-306 °C which was identified as
oleanolic acid by direct comparison with authentjc
sample on TLC (solvent system III) and from its mass
fragmentation vz 456, 438, 411, 248, 207, 203, 189
and 133 ®**9. On " the other hand, saponin 3 killed 3
alexandrina snails within 24 hours at a concentration
22 . ppm. Therefore, this compound was
monodesmosidic triterpenoid saponin . Thus the
structure  of  saponin 3 was proved to be 3-0-
trisaccharide of oleanolic acid where the sugar moiety

contain two glucose units and one glucuronic acid as
branched chain. A -

" Saponin * Ry R,
1. -Ara-Rha CH,OH
2 " -Ara-Rha-Glc CH,OH
Gle
3 < | -GleA <G]c J CH3

Gle = glucose,

Rha = Rhamnose

GleA = glucuronic acid,

Ara = arabinose,

Table (3):Comparative susceptibiltity of B alexandrina
snails to the methanol extract and isolated saponins
from 7. papyriferus afier 24 hours €xposure time.

Material . LCsoppm _ |[LCoppm| §
Methanol extract 165 200 1.24
{15288~ 172.44)|
Saponin 1 6 _ 9 1.36
(5.156 - 7,99)
Saponin2 | 11 ‘ 14 1.23
‘ (9.821 - 12.32)
Saponin3 | 17 22 1.22
(15.178 - 19.04)
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