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INTRODUCTION

Schistosomiasis is o pacasitic diseane caused Dy
readworms of the gcnuf Schistosoma snd i endemie
droughont South America, Africn and (he far Pt
Several ways 10 solve the problem of this discase is 1o,
destroy the carrier snails and thus remove o fink in i
e cycle. This may be achieved wity (he aid

of
synthetic molluscicides  such

Baylseide o
alematively with molluseicides from plant souces(!-3)

as

Agave species is 4 very common Omamenta)
plant in Lgypt and other  wopical comntries. Previons
phytochemical — studies  of  these  species  have

demonstrated the presence of Navonoids and steroidal

saponin 49 1t has been reported that, saponing of

cerain members of the Agavaceae are hiphly toxic 1o
aquatic snails (10-1D) Also, in previons study, the
aqueous suspension of the leaves  of Agave ferox
showed a considerable activity against Biomphalaria
alexandring — and  Lymnaea caillioudi — snails, the
memediate  hosts  of  Schistosoma mansonia and
Fasciola  gigantica  in Fgypt, respectively  (12),
Meanwhile, 10 our knowledge, no work has been
reported on the saponing of the leaves of (his plant.
Therefore, our anention was drawn to isolate and

Sucture elucidation of the molluscicidal saponins of
Agave fero.,
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Mdﬁ“i»’- points were uncorrected ;IR spectra
Measwred on a Perkin - Flmer model FIMIR
:rmrdmg Spectrophotometer. HI-NMR and ”(L._\'.\ﬂ*.
hl:clc)m Were recorded at 270 and 100 Mz respectively
M Mho'd(, as solvent and TMS as internal standard.
' a‘ss ?{’c(rtm were measured on a fipnigan TSQ 700
(]J X Cquipped witly a linnigan electrospray source
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carned out on silica gel 00 (igana 24 - 280 mestiy  T1L

Was pedormed on silica pel plates (Merck, Vieselyel 60

CF 254, 0.5 mm) . Spns were visualized by syppaying

with A0% 115404 followed by hesting 2t 12050 Vager
chromatography were perdormed om VWhatinan paper

Nod, wsing descending technigue and visuzlived with

aniline phthalate |

Plant materjal

The fresh leaves of Agave ferox Virh (Fzmily
Agavaceac) were collected  in June 1995 from the
Sotamical Orman Garden | Caza |, Fgypt . Vhe plant was
kindly authenticated by Lng Hadia 3 Diven
(Apriculture engineer of Orman (¢ sarden) . ‘The leaves
were shade dried and powdered by electrical mill.

Extraction and Isolation:

Fresh leaves of Apave ferox¥ioch(2,5 kg) were
extracted with methanol (15 1) . The methanolic extract
after removal  of the solvent under rediced pressure
(112 p) was defatted with petroleum ether (3 I.). The
defatted  residue (95 ) was pantitioned  between
n-butanol and water, The butanolic extract (40 ¢) way
subjected (o column  chromatography. Elution was
started with CHCl5 and the polarity was increased by
adding a gradient mixtures of CHCly - MeOH and
finally pure methanol. Fractions with the same TiC

profile were combined to yield four major fractions
11V

Fractions eluted with Chloroform - Methanol % -
10 and 80 : 20 respectively pave saponins 1 and 2.

- These saponins were punified on a sephadex LH -20

column  with methanol a5 cluent  followed by
recrystallization with methanol. Fractions eluted with
chloroform. methanol 70 - 30 and 60; 40 respectively
were further punficd on prep . TLC using solvent

system CHCly : MeOH: HyO (137 6:1) to yield saponins

C3andd,



Suponin |

o~ a2a D
M amcophous powder, mop 250 - 2520, Ry

IO, MG 1L0,13 6 1) I (KB em’!
12 @in L 2008 (M, 1642, 157 1371
611071980, 919 and K95 Gntensity 919-895, 258
spiroketal), VHNMR 6 070 (GH L 5, Me-18). 083 GH,
4, Me 271, 094 (3 s, Me19), and 114 GH. d,
Me21) 160 (11, 4. Kha Me), 482 (11, d, Asa, H-D,
106 (1L d. Gle, 11 1), 507 (1H.d, Rha  111) and 532
(Ji1s, 11 6) CIAS, mz K83 (ATHalD), 722 (MF-Ara),
708 (\{* Rha), 575 (\* Ara- Rha) and 413 (M*-Ara
Kha ile)
Saponin 2 ¢
Whate powder , mp 230 232 ¢, Ry 0.0] (CHCI3

MeOH H50, 136 1), IR (KB et 3404 (O1),
2030 (D, 1656, 1362, 1347, 1262, 1072, 975 , 917,
a6 and 875 ¢ intensity of 917 » 900 ; 258. spiroketal).
THNAC O 070 31y, Me-18), 081 (3H, d, Me-27),
003 (3.« Me-19). 113 (3H. d. Me-21), 1.58 31, d,
Rha C113), 480 (111, . Gle, HED, 494, (1H, d Gle,

1) 512 (1M, d, Rha, H 1) and 531 {(1H, s, H-0).
CIMS. mz 884 (m*+H), 737 (M*-Rha), 721 (M™-
(Gle), 575 (M*-Rha-Gle) and 413 (M*-Rhs - 2x Gle)

Saponin 3:
White powder , mp 245-246°C | Ry 0.52 (CHCly

\MeOIT 150, 13 - 6: 1) IR (KBr) em’! = 3399 (OH).
2038 (€1, 1704 (C=0), 1656, 1441, 1347, 1065 and
085, ©18, 900 and 870 (mntensity 900 > 918, 25 R-
spiroketal) L -NMR 6 0.71 (3H, d, Me-27), 0.91( 311,
<, Me 19) . 1.01 (3H, s, Me-18) 1.13 (3H, d, Me-21),
475 (14, d, Gal, H-1) , 481 (1H, d, Ara , H-1), 4.96
(11, d, Gle, H-1), 5.09 (1H, d, Rha, H-1) and 5.30

(1H,5, H-6) CI-MS  miz 1033 (M*T4H) , 899 (M- Ara),
885 (M*-Rha), 753 (M*-Ara -Rha) 591 (M*- Ara -
Kha-Gle) and 429 (M*-Ara -Rba-Gle-Gal).
Saponin 4:
An amorphous powder, m.p. 26] - 265°C  with
Rp 0.43 (CHCI3. MeOH ¢ 1120, 13 ;6 1). IR KBr)
em’t 3406 (OH), 2927 (CH), 1706 (C=0), 1344, 1261,
1069.982. 920,898 and 863 (intesity 898 > 920 ; 25 R -
spiroketal). TH-NMR 6 0.69 (3H, d, Me-27), 0.90 (3H,
s, Me19), 1.02 (3H, s, Me-18), 1.12 (311, d, Me-21),
160 (3H; d, Rha-;\lc), 477 (1H, d, Gal, H-1), 4.84 (1H,
4. Gle, 113, 4.98 (1H, d, Gle, H-1), 5.12 (1H, d, Rha,
lili and 332 (114, 5, H-6). CI-MS . myvz 1051 M4y
_ 915 (M*-Rla), 898 M+ - Gle) , 753 (M*-Rha- Gle),
'5“)1(.\["‘ Rha-l\ Gle). and 429 (M-Rba-2 x Gle- Gal).

Acid hydrolysis :

Pach saponin (15 mg) was refluxed wiy, 2
HCLEMeOH (101, 25 ml) for 5 hours. The feacry,
mivture was difuted with water and extiacteq Wit
chloroform. The chloroformic c.\uac.l WS evaporateq @
dryness and  the aglycone parl 1u each cage iy
identified by TLC analysis with authentic sampleg using
solvent system Celeg: FtOAc;, 80 @ 20 . The Aqueay,
laver was neutralized with NallCOg3, filtered "

concentrated under reduced pressure. The residue Was
extracted with pyridine and filtered. The  pyrigip,
extract was  concentrated and  dissolved in g0
isopropanol and examined by PC using solvent systep,
0 BuOI - AcOH : H,0: 4 1: 5 against sugar samples,

Saponin I and 2 :
Yiclded yamogenin , m.p 202 - 203°C [Lit. m,,
201°C) 139 with Ry 0.36 (Cgllg: EtOAC; 80:20) ;1

(KBr) cm’! 3400 (OH), 2927, 1650, 1400, 1380, 980,
919, 899, 804 (intensity 919> 899; 25 S-spiroketal),

CI-MS m/z 414 (M* +11) , 397 (M*-H20), 355, 345, 310
and 139.
Saponin 3 and 4 :

Yielded gentrogenin , mp 214-216°C (Lit
217-219°C){15). CI-MS ni/z 429 (M*+H) , 410, 314,

296, 176, 139 and 126. IR (KBr) em™! 3399 (OH),
2928, 1704 (C=0), 980, 920, 900, 865 (intensity 900 >
920 25 R - spiroketal).

Molluscicidal assay :

Biomphalaria  alexandrina snails, the
intermediate host of Schistosoma mansoni in Egypt
were collected from the irrigation canals in Abou
Rawash, Giza Governorate. The snails were maintained
in dechlornated tap water in the laboratory conditions
(temp 25 + 2°C and pH 7-7.7) . Tests were performed in
duplicate using ten snails for each test. Different
dilutions of each saponin were prepared with
dechlorinated tap water. The snails were exposed to the
prepared dilutions for 24 hours follwed by 24 hours in
dechlorinated tap water as recovery period. Procedures
and statistical analysis of the data were carried oul
according to the WHO as well as Litchfield and
Wilcoxon protocols (16-13),

RESULTS AND DISCUSSION

The fresh leaves of Agave ferox were extracted
with methanol. The methanolic extract was defatted
with petroleum ether and the defatted part W&
partitoned between n-butanol and water. The butand!
soluble - phase was fractionated through the combind
use of repeated column chromatography on silica gel
sephadex and preparative TLC to furnish four saponins
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2515 - spnroketal mesety v U75 947, 400 and 475 wigy



Mortada 1| -Sayed

the absorprion at 917 em ! being of freater imtensity
than that at 900 eo'd 19220 i yeay supported by
noting u quaternary carhon signal at & 108.9 which was
assignable 1o C-22 of the spirostanol skeleton of saponin
2in the BONMR spectrum (19-251 , e 1 LNMR
spectum of - this compound exhibited signal for an
olefinic proton at & 5.31 | signals of  three anomerice
protons atd 4 80, 41.94 and 5.12 and signals due to four
typical steroid methyl, groups at & 0,70, 081, 0.93 and
113, Also, the signal due (o the nicthyl ol 6

deoxyheropyranose appeared at & 158 ppm 22.23)
This was conlirmed by presence of three anomeric
carbon signals at 1014, 104.2 and 102.8 as well as two

olefinic carbon signals a1 6 1403 and 121.4 23,27,28).

CEMS of saponin 2 exhibited a molcenlar jon
peak at m'z 884 (NMH+11) . Fragment ions at m/z 737
(M*-Rha) and 721 (M*-Glc) demonstrated that (he
thamnosyl and the plucosyl units are terminals . Other
fragments at m'z 575 (M*- Rha- Gle) and 413 (M*-Rha
-2 x Gle) indicated that the inner glucose is directly
attached (o the aglycone moiety (23,25

In the 13C-NMR spectrum, the <gnal of the
aglycone part was identical to yamogenin except for C-3
which shifted downfield at & 78.0 whereas the signal of
this carbon 1n yamogenin appeared at & 71.7 (25), This
tlustrated that the inner glucose must be attached to the
hydroxyl at C-3 of yamogenin. Furthermore, the points
of attachments of the sugar residue were determined by
BC.NMR spectrum; the signals of C 2 and C- 4 of the
inner glucose were shifted downfield at & 80.1 and 78.5
whereas
unaffected. Therefore, (C-2 and C-4 positions are the
positions of the glycosidation linkages for both glucose

and thamnose units (23-28)

its other carbon signals were almost

Molluscicidal — test revealed that saponin 2
have a considerable activity (190 = 13 ppm) . From the
above data, the structure of saponin 2 was formulated
as yamogenin 3 - O ¢ - |- thamnopyranosyl- (1-»2)
-l(P-D- glucopyranosyl-(1-4) J-B- D- glucopyranoside .

Saponin 3 was obtained as a white powder | Jis
IR spectrum showed a strong absorptions for hydroxyl
groups at 3399 eml, , carbonyl group on six
membered ring at 1704 em-! as welf a5 the charactensue
bands of 25 R-spirostancl at 985, 918, 500 and 270

with
wtensity of 900 > 918 119,29 .

76

Table (2):13C NN chemieal shifts of SUEAT Moieteq
of sapomny =4 in DNSO-,

Cmibons 1 2 ! h‘lﬂ
e —
| 100 6 101.4
2 795 301
Gle 3 RG.7 767
] 701 8.5
5 771 774
O 623 028
| 102.1 1024
2 732 734
Gal 3 748 750
4 800 80?2
5 751 752
6 603 0607
| 104 2 104.0 1043
2 74.9 798 799
Gle 3 776 873 871
(1-—+4) 4 702 69.6 700
5 775 772 773
6 623 62.1 623
| 103.8
2 744
Gle 3 773
(1--3) 4 70.3
S 77.6
6 62.6
1 102 4 1028 102.5 102.2
2 721 723 723 722
Rha 3 725 727 727 728
(1-=2) 4 74.1 743 743 742
5 692 694 69 4 69.5
6 IR4 182 182 185
1 1039 104.5
2 717 721
Ara 3 738 74 (O
(1-«3) 43 091 093
51 672 674 J
N

Gal = .12 paiactopyranosy?

Gle = B-D. gucopyianusyl
Ara=-Larabinopy sy

Eia=o-Lrhemnopys anvesyvl
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1o THENMI spectrom ol 1y compond, foug
Anene proton sgnals: were observed ar b 75 A K1
s o '

400 and 509 confuming the presence of - foy g
s Al the signal due o olefime proton appenred
5’55_}(,115,Mn_ This was supported by presence of
four anomeric carbon signals at & 102 |, 1044

anil
1023 and 1045 m BeoNnR spectrum 15,30,31)

purthesmore, (WO olefinic carbon signals were noted Kt &
1417 and 121 2 in the BC.NMR spectium as well gy
the charactenistic signals of (20, 22 and (.27 atl &
21, 1087 and 17.0 . This confinped that the

auetwre of the aglycone of this saponin iy baged on
the 25 R-spirostanol skeleton (15,31)

CI-MS of sapomn 3 exhilubted a molecular jon
peak 3l m'2 1033 (M*411) - Other fragment ions at m
g9 (M7 -Ara), 885 (M"-Rha) and 753 (M*- Ara. Rha)
indicated the loss of one arabinosyl and one thammaosy]
units and showing that (Wo sugar units are terminals.
The MS fragments atmiz 591 (M™*- Ara - Rha - Glc)
and 429 (MY- Ara- Rha- Gle-Gal) demonstrated that the
galactose unit is dircctly attached to the aglycone and
the sugar residue is a branched tetrasaccharide (29,30),

Aad  hydrolysis of saponin 3, it gave
D-galactose, D-glucose, L-rhamnose and  L-arabinose
a5 well as gentrogenin. The aglycone part was
confirmed by comparison of its mass fragmentation and
BCNMR with those reported in the literature (15:39)
The point of attachment of sugar residue to the aglycone
was determined by I3C-NMR ; C-3 of the aglycone was
shifted downfield at & 77.6 while the signal of this
carbon atom was at & 714 in gentrogenint!®). This
showed that the glycosidation linkage must be attached
o the hydroxyl group at C-3 of gentrogenin. Also, in the
BCNMR spectrum ; the signals of C-2 and C-3 of the
iner glucose were shifted downficld at & 79.8 and 87.3
ppm illustrated that the two carbon positions are
positions of attachments of the terminals arabinosyl and
thamnosy! units to the inner glucose . Also, the signal
of C- 4 of the galactose was shifted downfield at & 80.0
Mggesting that C-4 position was the alycosylated
Poition to the inner glucose (30-31),

The results in Table 3 revealed that saponin 3 is
“We apainst B. alexandrina (LCyy = 21 ppm).

-~ Actordingly, the structure of saponin 3 was elucidated

 gentropenin 3.0 1. rhamnopyranosyl -(1-+2)-[a-

b mbinopyranosyl.(13) 1. B D - glucopyranosyl-

1.
l q)A. B-D- galactopyranoside.

77

Table (3) « Molluscicidal activities of saponins 1+

agiinst Miomphalurin alexandrind anmily
alter 24 hone exgosine pesod

e e |W
Sapontn ) K& £ Slope
‘ 0 0 Tutsc hori

| ( ) 121
(4,689 8,710)

2 10 13 129
(7.476.12.123)
} 17 21 I3
(13219.20.101)
1 2% 33 1.30
(25106 31.31)
_ J

1,0

B aponin ,,- R, R,

SRR R

4 Gle |

PSS SRS
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Saponin 4 was ablsined as an amorphous
Powder The glycosidic nature of this compound was
idermred from the strong sbsorption bands at 3400 and
P9 et the IR Spectiume Also |, the band due to 2
¢carthbomi on “xv-membered nng appeared at 1706 cm !
s structure based upon a (23R) spirostanol nature
This concloded from the IR spectrunn (bands at 982,
20, 89K and Ro3, mtensity 808 > 920) , CIMS (peaks
AU anad 115), and P3O NMR (signal a1 & 1088 for a
Guaternary carhon atom -22) (15199

he 'HENMK spectrem of saponin 4 displayed
spmaly of typical sterord methyls @ two of them
sppeared as singlets at d 0.90 and 1 02 for Me-19 and
Me 18 whereas the other two 2s doublets at & 069 and
112 for Me.27 and Me-21 respectively (27-30r - Also,
the sugmal due to methy] group of 6 deoxyhexopymnose
appeared a1 3 1,60, a signal of olefinic proton at & 532
and fypnals due 1o four unowenic protons at & 4 77, 4.84,
49 and 512 (3032 This was supported by B3C.NMR
spectrum | the signals due to two olefinie carbon .juum.;
appearcd at 8 1414 and 121.5 as well as four signals
fue 1o four anemeric carbons at 0 1024, 104 3, 103.3
and 1022 1530

On acid hydrolysis | sapomen 4 pave steroidal
sapogenin which was identified a gentrogenin as well
:A“xl\»ammsr‘ glucose and  galactose as sngat residue
The presence of termunals rhammosyl end  glucosyl
maebies were deduced from appearance ol the three
fragments 1ons at mz 915 (M*-Rha) , 898 (M*-Glc)
and 753 (M*-Rha - Gle) m CI-MS spectrum . Also,
fragments al m'z 591 (M*-Rha - 2x Gle) and 429
{M*-Rba-2 x Glc - Gal) demonstrated that the inner
glucose in directly attached to galactose unit which is
Iinked 1o the aglycone part {gentrogenin) (15.31.32)

The tewasaccharide was deduced 1o be linked to
the C-3 hydroxy] position of the aglycone part because ,
the sigml due 0 C.3 in BCNAR was shifted
downfield at & 770 whereas the signal of this carbon
Hom in gentrogenin was at o 71,4 (15) Also, il was
observed that (he signal of C4 of the galactose was
shufted downfield a1 & 80.2 suggesting that C—4 position
of palactose was the glycosylated position of the inner
glucose |
Furthermore, the signals of C-2 and C.3 of the
~ imner glucose were shifted downfield at § 79.9 and 87.1.
Ths  demonstrated that the two ferminal  sugars;
“thamgose ang glucose are linked at -2 and C-3
positions of the inper glucose (30-32), Results in 1able 3
5hO}$‘_¢d tat saponin 4 have molluscicidal acuvity
-agzms; B alexandring snails (LCy, = 33ppm) . From
the data presented above | full structure of saponin 4

he g entrogenin - 3.0, I
vis estabhished as g bt ’ ;
:h'mmup\r:mns‘}l (1-2)-B-D- Kh'u’l’)mll%)l (].\,3]
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