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A REVIEW on trlterpenold saponms and sapogemns was published seven years ago.’ Since 
then, due to Improved techniques m the isolation and structural elucidation of saponins 
and their blologlcal evaluation, considerable data has been accumulated on these com- 
pounds and this is covered, in the present review. 

Some general reviews* on the distrlbutlon of saponms m plant kingdom and their 
properties have appeared during the period 1966-1972 and many new saponins have been 
found which possess important antimicrobial and antlmycotlc properties.3 Further many 
saponms have been isolated, which possess the same sapogenm but exhibit a very wide 
variation m the number, configuration and type of carbohydrate units Oleanolic acld-con- 
taimng saponms, for example, are now known to have a range of l-10 sugar units. The 
period has witnessed a noteworthy progress m the isolation of pure saponms and their 
complete structure elucldatlon mcludmg the configuration of the carbohydrate moieties. 

Important advances have also been registered m our understanding of the biogenetic 
pathways of the synthesis of saponms m plants. The role of squalene as the progmator 
of polycyclic trlterpenolds 1s now well established The mtermedlacy of 2,3-epoxysqualene 
in lanosterol and cholesterol biogenesis m mammalian tissues and its universal mterme- 
dlacy m the formation of C,-oxygenated triterpenes has been amply substantiated. How- 
ever, in the trlterpenolds found m primitive plants, which have no oxygen function at CA, 
it has been shown that then biogenesis may mvoIve a direct proton-initiated cychzation 
of squalene.4 

DETECTION AND ISOLATION 

The techniques reported m the earlier review,’ have continued to be employed for the 
detection and lsolatlon of saponins and no significant advance has been made m this area 

* Commumcatmn No 1940 from Central Drug Research Institute, Lucknow, India For earher review on this 
SubJect. see ref 1 

’ BASU, N and RASTOGI, R P (1967) Ph_~toche/?l~str~ 6, I249 
2 HILLER, K, KEIPERT, M and LINZER, B (1966) Pharnmzrr 21, 713. WULFF, G (1968) Deut Aporh-Ztg 108, 

797, WOITKE, H 0, KAYSER, J P and HILLER, K (1970) Phurmuzre 25, 212 
3 PLTRICIC, J (1970) Bdt Farm Drus Sot Repub Mekrdonq~, 16,199, Cucu. V and GRECU. L (1971) Farma- 

cu* 19,641,(1972) C&m Ah~fr 75,81591,C~~z~ti. P R (1971) Can J Anutd SCL 51,621 
4 CCIREY, E 1 and URITZ UE Ma~r~ar.4~q P R (1967)-t .403 Clrrtn Snc f&3362, GODFRELISQN, w 0 ~ LQRK, 

H, VAY TAM~LFN, E E, ?VILLF~T, I D and CU.YT:~N, R B jl%X!. rhld, %, 2Q8, EPPENEURGF~R. U . Hmv.. 
L and OURSSON, G (1969) EUI opru,~ J B~~them 8, 180, PONSINE~. G and OURISSON, G (1968) Pk.vtochrms- 
try I, ~~~,BAP.T~N,D H R,Mrrsnwr,G anci\N~nr~wmnu, D .A (1971) J Cll~ru Sac (C) 1110 
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during the period under review Saponm mixtures have been separated b) two dunensmnal 

chromatography on slhca gel H platesi and perlodate-alkaline potnsslum permanganate 
(Lemelux reagent)” and antimony trlchlorrde-vanlllm (5 4) in chloroform have been used 
for their detectlon The antimony pentachlorlde procedure for the colorunetrlc estlmat~on 
of saponins has been studied to determine the optimal condltrons for the development of 
colour 7 The saponm content of the plants belonging to the Chenopodlaceae has been estl- 
mated by the hemolytlc index method ’ The dlstrlbutlon of saponms m Blrple~u~ frr/c~fu/~ 
roots has been vlsuahzed h~stochemlcally with 99”,, EtOH-cone H?SO, (1 11 or Et?SO, ” 

The acldlc saponms of SLIPIIZ&S ~~~uko~~s~ have been successfully preclpltatcd as thclr 
ammonium salts’” from crude extracts with (NH&SO,. For purlticatlon. saponm~ have 
been separated on slhca gel’ ’ using the solvent system BuOH EtOAc H,O (1 1 I) and 
alumina” with BuOH~EtOAc.35”,, NH,OH (7 2 5) l3 

CHEMICAL STRUC‘TURF 

The aglycone fraction of hydrolysed saponms has been very often found to be a mluture 
ofgenms which are prod-uced during d?astlc conditions of-acid- hydroiysrs. M-Ifd acid- h!- 
drolysis ofglycosides from Arg~cer~s cor~~c~larzrr~r by the Barton procedure, therefore. has 
been carried out to obtain an unproved yield of the genuine sapogenin I5 By varqmg hy- 
drolytic procedures, artefact and genuine sapogenins have been obtained as m the cases 
of aescigenin I ’ and protoaesclgenm’” from ile.\c~lus hrp~?oclr\rclnurf~, cyclamlretms D & A 
from C.I&W~! sp .l’ panaxadlol ’ ’ and protopanaxadlol’ ” from the G‘~r~sc~r~y roots and 
senegenin’” (or polygalhc acid = senegenic acld)2 1 and presenegenm” from the SCUCY~/LI 
roots. The genume sapogenms have been obtamed clther under mild acidic condo- 
tlons,” I’ by chemical degradatlve procedures such as halogenatlon 111 case of proto- 
panaxadlol ,19 periodate oxldatlon followed by alkaline cleavage m cases of prescnegenm” 
and saikogenms I3 A hydrolytic enzyme(s) Isolated m a partially purified statc from the 

l3 MUKHAMEI)ZIE\I. M M and ALIMRAEVA. P K (1970) FUJ u~ar~:u 19; 39. ( I9701 Ch~rr ,~h\r, 73,- I ! 7 I 52 I 
I4 HENSENS. 0 D and LEWIS, K G (1965) Tetruhedr~n Lettrt 5 4639 
” CAIY~LI, G , MELERA. A. ARIGONI, D and JEG~K. 0 (1957) Hrlt C~IIJY Ac tu 40, 2390 
” KUHN. R and Law, I (1963) Lrrhq’~ Am 669, 1 X3 
*’ TSCHESCHE. R . IUCHAVUU~NDO. F and WIILFT. G f 1964) Lt&!‘\ 411~1 680: ~O~..TS~~J~~~~~JJ...R.,.SCHJI.C~J.~.R. 

H ,~nd FTHLHABFR, H W (I 966) lhrti 691, I65 
” Tl’tuhA, 0, NACAI, M nnd SHILIAT~, S (1964) Trtruhedron Lrttrt~ 2291 
’ ” SHIIIATA S , TANAKA 

5% ’ 
0 Ahw. T , SAW M . TSCISHIMA, S and OHSAWA. T (I 966) C~~IU f%trr-,r~ &I// 14. 3 3 

‘” DUGAN. J J. LEMALO; P and.%ARRATr, A_ N (!?64) CL~U J Che!~i d&49! 
*’ PILUTIFR S W ADIryArtlAutxnxy. N TOMAU_ M i Rr~yNorJx I 1 and- Mlr 1-101 ! w R ! !9h.l! ?c~!~ti- 

hi, on Leitr, s 3665, Idem ( 1965) J 01 q Clzcv,, 30, 4234 
*’ DUGAN J J and UF MAYO P 11965) Ctr~r .I Clle~7 4.2..2011 .%IIMJZI_ Y uxl. PF-IJ.J.III~K,. S. W !.l%h! J. 

AUI &,ll sot 88, 1544 . 
*’ Ku~~TA, T and HIIUOH, H (1968) EqicrhrJpon 24, 675 
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internal microflora of rat. has been shown to hydrolyse numerous sapomns from different 
plants thereby showmg a low degree of speclficlty, but It is promising enough to be used 
as a tool for obtaining genuine sdpogenins.24 

HO 

Acerotm 
Acerocm 
Anagalhgenone 
Barrmgtogenol B 
Camelhagemn A 
Camelhagemn B 
Camelhagemn C 
Cacclgemn 
Cacclgemn 

lactone 
I6-Desoxy 

barrmgtogenol C 
Gymnemagenm 
Isothankumc acid 
Platlcodlgenm 
Polygalaclc acid 
Procerlc acid 
Protopnmula- 

gemn A 
Sapogemn K 
Spergulagemc 

acid 
Serratagenlc acid 
Salkogenm A 
Salkogemn B 
Salkogemn C 
Salkogenm D 
Salkogemn E 
Salkogenm F 
Salkogenm G 
Samculagemn 
Sapmdrc acid 
Sapogenol T-A 
Sapogenol T-B 
Theasapogenol A 
Theasapogenol E 

22-O& 21.OCCH=CHCH-CHBu, A12. 28-COOH 
22-OAc, 21-OCCH=CHCH=CHSec Bu, A”, 28-COOH 
23-OH, 16-0~0, I3p + 28 epoxy 
2 l/L 22~~. 28-OH, 16a-anageloyloxy, A” 
16x, 22a, 28-OH, A’ * 
l6cq 22r, 28-OH, 23-CHO, A” 
l6c(, 22a, 23, 28-OH, A’ * 
2c(, 21/?, 23-OH, A”, 28-COOH 
2a, 23-OH, 21 4 28 lactone, A” 

21p, 22r, 2X-OH, A’* 

168, 21/3, 223, 23. 28-OH, A” 
5 6 23-OH A” 28-COOH 
2j?. ‘I 6%. 23, ;4-dH ; A”, 28-COOH 
2& 16a, 23-OH, A12, 2%COOH 
21/GOH, A”, 28-COOH 
16c(-OH, I3 - 28 epoxy 

2, 21-OH, A”, 28-COOH 
A’* 28 30-COOH > 1 

Al2 28 29-COOH 
16fl: 23: 28-OH, A” ‘3”81 
16/?. 28-OH. Ay”“,11 
168, 28-OH, A11,13(‘*’ 
16a, 23, 28-OH. A” ‘3’18’ 
16/?,-OH, l3+ 28 epoxy, A”“2’ 
1 h/L X-OH. 13/l+ 28 epoxy, A* ‘I’ ” 
16a, 23-OH 138 4 28 epoxy. A11(12) 
3,3-dunethyl dcryhc ester of R, barrlgenol 
35 ---t 23 epoxy, 28-COOH, A” 
l5a, 16c(, 22r, 28-OH, 21/Ganageloxy, Al2 
l6a. 22~. 28-OH, 21/3-anageloxy, A” 
16%. 2 I fi, 22ct, 23, 2%OH, A” 
16a, 21/l, 221x, 28-OH, 23-CHO, A” 

FIG I NEW SAPOGENINSOF THE b-AMYRIN GROUP 

A novel cleavage method for splitting the glycosidlc linkage of trlterpene saponins by 
using sol1 bacteria glvmg the genuine sapogemns m good yield, has been reported in the 
cases of sapomns from Senega and PLUIUX,~~ Aesculus (horse chestnut),26 Styvax and Pri- 
rnula spp. and L~wmachza maurltzana.27 

24 GESTETNER. B , BIRK. Y and TFNCER, Y (1968) J Ayr Food Chem 16, 103 I 
” YOSIOKA I, FUJIO, M , OSAMURA, M and KITAGAWA, I (1966) Thdwciron Lrttms 6303 
Zh YOSIOKA, 1. IMAI, K and KITAGAWA, I (1967) Tefrahedron 23, 2577 
27 KITAGAWA, I, MATSUDA, A and YOSIOKA, I (1968) Tetrahedron Letter7 5311. YOSIOKA, I, SAIJOH, S and 

KITAGAWA, I (1972) Chem Pharm Bull 20, 564 
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The structure of the sugar motet) IS generally determined bq mtld actdtc or alkaline hy- 
drolysts of the permethylated glycostdes The tndtvtdual methylaled sugars are then tdentt- 
fied etther by dtrect chromatographtc cotnpartson or by gas chromatography (GLC) Mass 
spectrometry is also emergtng as an tnvaluable tool tn these tntesttgattons. 

Some unusual and Interesting features found tn certam sapontns ate the presence of 
glucose on Cz and C,, of genms. m addttton to C‘ 2, tn BLE.\.w and Dttrrtf/tt/.\ sapontns respect- 
ively, tdenttficatton of 3-U-methylglucose frotn stychopostdes A and C, 3Oacetylglucose 
tn sangutsorbm E, x-I,-glucose tn calendulostde and glucose tn the furanose form tn 
patrmostdes C and D 

Measurements of UV, IR. NMR and MS are betng used nob as routtne techniques tn 
stereochemtcal and structural determtnatton studrex These aspect> have been covet-cd tn 
a recent review on the trtterpenotds.“,’ By far the largest number of ncwlq’ reported sapo- 
gentns belong to p-amyrtn group, as [vas also found tn the earlter surbeq ’ Thus, out of 
the 54 new gentns, 12 belong to thts group, two to the hopane group and 19 to lanostane 
group atnongst which are included 1.5 holothurtnogenttlt of antmal ortgtn The ncn capo- 
genins charactertzed during thts period are gtven m Fogs I 3 

It may be mentioned that the structure of plattcodtgentn has been determtned by X-t-a! 
crystallography of rts brotnolactone and tt IS the first example of ;I natttr;tll!-occurrtng WI- 
terpene havtng gemmal hydroxqmcthyl groups at C-4 tn rtng A 

The hopane group of gentns were not encountered tn nature so far and tts first represen- 
tattves, mollugogenol A (38, 6x, 16/j. 2-tetrahydroxq tsohopanc). and Mollugogenol B (3/J. 
62 dthydroxy-hop-15 I7 (21 ) dtene) have been reported. An rntcresttng C‘3,,-Nortt.ttct - 
penotd, eupteleogentn has also been found durtng thts pcrtod (Ftg 2) 

In the tetracycltc trtterpenotd group, only four genms, aglycon-I. 16-acel!~l tumulostc 
acid, tts dehydroproduct and dahurmol have been obtatned (Ftg 3) 

Sea cucumbers secrete. presumably as a defence mechantsm. crater-soluble glycostdes. 
holothurtns. whtch possess greater hemolyttc acttvttk than sapontns of plant ortgtn. 
Holothurtn Itself IS ‘1 mtxture of glycostdc sulphates and under var\tng condtttona of hy- 
drolysts, more than twelve gentns have been isolated The gentns coniatntng 7 P. 9. I I 
heteroannular dtene system and tnethox~l group arc artefacts because these groups are 
absent tn parent holothurtn and the structure of genutne aglycone motet! 1s sttll to be ela- 
borated These gentns contatn an unusual lactone rtng (I 8 ---$ 10) and belong to lanostanc 
group Sttchopogentns A 2 and A, dtfftr from holothurtnogentti tn tltc pos~tton of double 
bonds (Ftg 4) 
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FIG 3 SAPOGENINS OF THE TETRACYCLIC TRITERPANOIDGROUP 

LIST OF SAPONINS CHARACTERIZED FROM 1966-72 

The survey has been divided into five sections based on the isolation and characteriza- 
tion of saponins and their sapogenins, including the configuration of the carbohydrate 
moletIes. The sugar components, wherever identified, are included (Table 1 A-E). 

TABLE 1A SAPONINSWHOSE CHEMISTRY HAS BEEN COMPLETELY ELABORATED INCLUDING THE CONFIGURATION OF 

THECARBOHYDRATECHAIN 

Plant 
Saponm 
mp “C Structure Ref. 

1 Achyranthes aspera Saponm A 

Saponm B 

2 Akehra qunata Decne 

3 Bassta latlfolla Roxb 

Saponm A 
228-9 d 
Saponm B 
249950 d 
Saponm C 
248-50 d 
Saponm A 

Saponm B 

4 Beta vulyarn Glycoslde A 

248-50 
Glycoslde B 
242-4 

Glycoslde C 

Oleanohc acid, 
a-L-Rha( 1 4 4)fi-D-glu 

(I-+ 4)8-D-&A-C, 

fi-D-Gal-C2s ester of 
saponin A 
Same as scabtostde A 

28 

29 

Hederagenm, 
B-D-Xyl( 1 -+ 2)-x-L-ara-C, 
Hederagenm, 
p-D-Glu( 1 + 2)-a+ara-C, 
Basstc actd, 
p-u-Glu-C, ; P-D-GIu-C, 
R ha( 1 4 4)xyl( 1 + 2)-ara-C, s 
ester of saponm A 
Methyl oleanolate, 
/I-D-Glu-Ca 
Oleanohc actd, 
p-D-Glu-C, 
Oleanohc acid, 
/?-D-Glu A-C, 

30 

31 
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Saponm II 

C‘lematoslde A 

Clematoslde B 

Clemdtosldc ( 
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Plant 
Saponm 
mp ic Structure Ref 

14 H&era caucasigena 

15 H colchlca 

Trlchoslde A 

Hedera- 
caucaslde B 

Hedera- 
colchlslde E 

Saponm 

16 H pastuchocrr Pastuchoslde B 

17 Helranthus annuus 
(Sun flower) 

19 Xoefreuter~a 
panrculata Laxm 

20 Leonttce 
euersmanm 

Pastuchoade C 

Hehanthoslde B 

Hehanthoslde C 

Saponm I 

Saponm 11 

Saponm A 

Saponm B 

Leontoslde A 
276 -8 
Lcontoslde B 
342-4 

Leontoslde C 
222-4 

Leontoslde D 
202m 4 

Gypsogenm, 
p-D-Gh( 1 -+ 3)-fl-r~ 
glu A -C, j-r>-Gal-C,, 

Oleanohc acid, 
L-Rha( 1 - 4),&D-glu 
(I - 6)/j-II-glu-C, 

Oleanohc acid, 
L-Rha-L-ara(D-glu)-C,, 
L-Rha( I - ‘!)p-D-&l 

(1 4 6)~-1~-glu-Cz8 
Oleanohc acid 
II-Glu( 1 - 4)[L-rha( 1 + 5)]- 
*2 deoxyhex?-C,, 
*3-Deoxyhex7(1~ 4) 
b-n-glu(l ----* 6)$-D-giu-C,, 

Hederagenm, 
r-D-Gh( 1 + 4)-Z?- 
D-glu( 1 - 3)-r-L-rha-C, 
Hederagenm, 
r-r.-Rha-C, 

Cochallc acid, 
II-Xyl-( 1 - 4).L-rha-C,, 
t,-Glu( 1 - 4)-L-rha( 1 + 2) 
L-ara-C,, 
Cochallc acid, 
L-Rha( 1 --f 4)-L-rha( 1 - 3) 
[o-xyl( I --t 6)1-D-&lU-C, . 
D-Glu( 1 + 4)-L-rhaj l---t 2)- 
L-ara-Cl, 

Medlcagemc acid. 
p-D-Ghi( 1 + 6)$-D- 
glu-cz, 
Medrcagemc acid, 
B-D-Gh( 1 ---* 4)[&D-fUC 
(I - 2)]-r-L-rha-C,, 

Same as scabioslde A 

40 

41 

42 

43 

44 

45 

46 

Gypsogenm, 
K-L-R ha( 1 - 3)a-L-ara 
(1 - 4)[B-II-gal( I - 3)1-o- 
gal A-C, 

Hederagenm. 
cc-L-Ara-C, 
Hederagenm, 
B-D-Gh( 1 - 4)%-L- 
ara-C, 
Hederagenm. 
/7-I,-Glll( I - 3) 
[B-l>-glu( I +4)1-r-L- 
ara-C, 
Hederagenln. 
fl-I,-Glu( I -) 4) 
r-L-am-C,, 
r-L-Rha( 1 --f 4)/?-D- 

glu( I + 6)-/l-u-&K,, 

41 
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Pdtrlnoslde C 

Scahmslde E 
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TABLE I A (cant ) 

Plant 
Saponm 
mp “C Structure Ref 

26. Putranlma roxbwghu Sapomn A 

21. Sangulsorba 
0fJicrnalls 

Sangmsorbm B 
2667 
Sangmsorbm E 
190-2 

28 Saprndus mukoraw Sapmdoslde A 
(Chinese soap berry) 214-16 

29 Saponarw Saponaslde A 
ojicrnalrs 132-4 

30 Xanthoceras spp 

Sapomn B 

Saponm C 

Sapomn D 

Sapmdoslde B 
276-8 

Sapmdoslde C 
235 

Sapmdoslde E 

Saponaslde D 
241-4 

Oleanohc acid. 
rx-L-Rha( I - 2)/&D- 
glu(1 4 3)8-D-glu A-C3 
Oleanohc actd, 
r-L-Rha( 1 -+ 2)-p-n- 
glU( 1 --+ 3)[$0-Xy1( I---+ 4)] 
/I-D-glu A--C, 
/?-D-Glu-C,, ester of 
saponm A 
/?-D-Glu-C2s ester of 
saponm B 
Ursollc acid. 
/I-1..Ar.l-( z 
brsollc ,icld. 
/&I.-Ara-C, , /I-o-3- 
Acetyl-glu-Cz, 
Hederagemn, 
r-L-Rha( I ----t 2) 
z-L-ara-C’, 
Hederagemn, 
B-D-Xyl( I + 3)a-L- 
rha( 1 4 2)a-L-ara-C3 
Hederagemn, 
/I-D-GIu( I - 4)fl-D-xyl 
( I- 3)a-L-rha( 1 - 2) 
z-L-ara-C, 
Hederagenm, 
D-Xyl( I + 3)-L-rha( 1 + 2) 
L-ara-C, , /I-D-G~u( 1 + 2) 
B-D-glu( 1 -+ 4)1x-r -rha 
(1 -+ h)],%~-xyl( 1 + 3) 
r-L-rha( 1 -+ 2)a-L-ara-C,, 
Gypsogenm, 
b-D-Glu A-C,, 
fi-D-Glu( 1 -+ 6)/J-D- 
ghl( 1 --t 3)/$D-glU-C,, 
Gypsogemn, 
cc-L-Ara( I+ 4)[&D-gal 
(1 --t 2)]/?-D-Xy1( 1 ---t 3) 
[cc-L-rha( 1 + 4)]/$0- 
glu A-&. /?-D-Gal 
(I - 4)[/!I-D-glu( 1 4 2)] 
B-D-Xyl( 1 - 3)[E-L- 
rha( 1 --f 4)]fl-o-fuc-C,s 
Gypsogemn, 
b-D-Ara( 1 - 4)fi-D-gal 
(1 - 6)[/I+glu A( I - 3)] 
b-D-glu-c, 

53 

54 

55 

56 

57 

Note All the reported sugars are present m pyranose form, unless otherwlse mentIoned 
Abbrevlatlons used Glu = glucose, Fru = fructose. Gal = galactose, Ara = arabmose, Fuc = fucose, Xyl = 

xylose, Rha = rhamnose, Glu A = glucuromc acid, gal A = galacturomc acid. 
* As prmted m Chem Abstr but could not be confirmed due to non-dvadablhty of the relevant Journals and 

contact with concerned authors could not be estdbhshed 
28 HARIHARAN, V and RANGASWAMI, S (1970) Phytochewstry 9,409 
29 HIGUCHI, R , MIYAHARA, K and KAWASAKI, T (1972) Chem Pharrn Bull 20, 1935 
3o HARIHARAN, V, RANGASWAMI, S and SARANGAN, S (1972) Phytochrnnytry 11, 1791 
” KRETSU, L G and LAZUR’EVSKII, G V (1970) K/urn Prw Soedrn 6, 272, (1970) &WI Abw 73, 63200 
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TABLE IS SAPONINS STATED TO BE PURE, WHOSE GENINS HAVE BEEN CHARACTERIZED 

Plant 
Saponm 
mp “C Genms and Sugars Ref 

1 Acacia concmna 

2 Acer neyundo 

3 Alhzzm lehbek 

Acacmme 
26@-64 

Saponm P 

Lebbekanm A 

Lebbekanm B 

4 A procera Proceranm A 

5 Buwu lonylfolla Brasslanm 

6 

7 

Calendula 
oficrnalrs 

Cuulophyllurn 
rohustm 

8 Centella aslatrta 

9 

10 Dlanthus delordes 

I1 

12 

D super hu\ VdT 

lonqrcul_lrrr?ut 

D~p.wc~ 5 KU) euh 

C‘~lenduloslde A 
260-62 

Caulosldes 

A, B 
Cauloslde C 
Cauloslde D 
Cauloslde E 

Isothank- 
umslde 

Chenopodo- 
side B 
213.-16 

Dl,lnthoslde C 
27@5 

S,iponm D 

13 Elrutherocotcus 
WIIIILOW~ 

14 Empetrum srhrrrcum 

Dlpsacoslde A 
Dlpsacoslde B 

Sentlcosldes 

A, B 
Sentlcosldes 
C, D, E, F 
Empetroslde A 
209- 1 I 
Empetroslde B 
293-5 
Empetroslde C 
185~ 8 

15 Entada phaseololdes 

16 Euptelea polyandra 

17 

18 

Gledrtschra 
trlacunthos 

Glycyrrhrza 
ethmuta 

Eupteleoslde A 

Eupteleoslde B 

Trlacanthoslde 
C 

Saponm A 

19 

20 

G \ pwphr/la 
ucutIfollu 

G trwhotoma 

Saponm B 

Acutlfohoslde 

Trlchoslde B 

Trlchoslde D 

Acaclc acid + glu + ara + rha 58 

Acerotm + acerocm + glu + ara 

Echmocystlc acid + glu + ara 
+ xyl + rha 

59 

60 

Oleanohc acid + glu + ara + 
xyl + rha 

Procerlc acid + glu + gal + 
ara + xyl + fuc + rha 

Brasslc acid + glu + ara + 
xyl + rha 

Oleanohc acid + glu + gal 

Hederagenm + glu + rha t 
ara 
Hederagemn + glu + ara 
Hederagenm (7) + ara 
Hederagenm + ara 

Isothankumc acid + glu + rha 

61 

62 

63 

64 

Echmocystlc acid + rha + 
xyl + ara + glu A 

Gypsogenlc acid + ara + fuc + 
glu A + gal + xyl + rha 

Gypsogenm + glu 

Hederagemn + ara + rha 
Hederagenm + glu + ara + rha 

Oleanohc acid + ara + rha 

Oleanohc acid 

Ursohc acid + glu 

Ursohc acid + glu 
Ursohc acid + glu + ara 

Entdgenlc acid + ara + xyl 

Eupteleogenm + glu + rha + 
ara 
Monoacetate of eupteleoslde A 

Oleanohc acid + glu + ara 
+ rha + xyl 

70 

71 

72 

Macedomc acid + rha + glu A 73 

Echmatlc acid + rha + glu A 

Gypsogemn + 
Glu A + gal + ara + xyl + rha 

Gypsogenm + glu + gal + 
glu A 
Gypsogenm + gal + ara + xyl 
+ glu A + glu + rha + fuc 

74 

75 

65 

66 

38 

67 

68 

69 

12 
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Hcdcr‘rc‘rrrc.r- 
side B 
Hedcracauca- 
wles A. <’ D 
Pactuchoslde A 
( = C :ilopanax- 
sapnn,n B) 
Pdstuchovdes 
B D, E. F, G. H. I 
Ladypmosldc C 

Lad\pmo\lde D 

Putranltvoslde 
215 7 
t-nurglnatoslde 
220 7 

Genms nnd Sugars Ref 

xl 

17 

Oleanoix acid f hederagenm + 
glu + xl + rha 
Oleanollc wd + glu + ara 
+ glu A 
Hcderagenm + glu + glu A 
P: rmu!ager,m h t & + 
2 rha + gdl + $1 A 
Oleanollc acid + gin i 
xyl + rhd 
P‘tnnxndml + glu + xyl 

Olcanollc dcld + $11 + 
ar,l + glu A 
Oleanol~ acid + glu + 

78 

19 

X0 

81 

glu A 
So! asapogcnol + glu + gal 
+ 3rL1 + rh,l + glu A 
Pl,ltycodogenm (C,,H,,O,) 
+ polygalhc aad 
Presenegenm t glu + gal + 
rha + xql + fuc + 
3.3 duncthoxy clnnanuc acid 
Hederagemn + ara + gal + 
glu + rhd 
Okxnohc :xld + sun c 
1 ha + &I 
Hederdpenm + glu + xyl + 
rha 
Hedetagenm -t C~ra + xyl + 
glu A 
Hederdgenln + glu + xyl t 
‘,I‘, + rh‘l 
Hcder,lgrnln + glu + uyl + 
I lid + ‘lli\ 
G\p\ogcn~c acid i xyl 

Olcdnohc and echmocy\k 
aad + gal + rha t xyl 
A, ~ bxrgenol t- 2 rha + 
glu -t gel i- &I A 
Octadlenolc acid cstcr of 
Ydponm D 

82 

x3 

84 

x5 

86 

87 

88 

I 0 

x9 

90 

91 

92 
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TABLE I C (cant ) 

Plant 

Crude 
saponm 
mp “C Genms (m p ‘C) and sugars Ref 

Fraction A 

Fraction B 

26 Medlcayo \allra Lucerne 
(Lucerne) saponm 

21 Melranthus 
C”II1O.SIS 

28 Mmu,ops elenyl 

29 Molluqo hr~ ta 
30 M apergula 

31 Patrrrna 
stahfosaefolra 

32 Platvcodoiz 
c/r u~~tlrflorum 
A De candolle 

33 Plrhc~colohrum 
dUh 

34 Pftrocporum 
tohwa Alt 

Patrmo- 
sides mix 

35 Polyyala wnegu 

36 Primula veholdr 
37 P japomca 

38 Sanula 
europaea 

39 Sapmdur 
laurlfohus 

_ 

Saponms, 
A, B, C, D 

Sapomns, 

A, B, C, D 

42 7?ametrs MIX of two 
dickrnw trametosldes 

Oleanohc, alblgemc and echl- 
nocystlc acids + glu + ara + 
rha + xyl (COOH of genm not 
free) 
Same as above (COOH of gemn 
free) 
Prunulagenm A + dlhydro- 
prlverogenm A 

116 

117 

Dlhydroprlverogenm A (= camel- 
llagenm A) + Prlverogenm B 
Mcdlc,igcmc .lcld + \oqab‘ipoge- 
nol A + aglycone + glu + xyl + 
ara 
Ellaglc acid 

b-Amyrm + basslc acid + 
neutral genm 
Mollugogenols A and B 
Spergulagemc acid + 
neutral genm, C,,,H,,O, 
Oleanohc acid + xyl + ara 

Polygalaclc acid + platl- 
codlgemn 

118 

119 

120 

121 

123 

124 

125 

126 

127 

128 

Oleanohc and echmocystlc 
acids + xyl + ara + glu 
Barrlgenol R, + 2l-O-anageloyl 
barrlgenol-R I ( = sapogenol T-A) 
+ 21-O-anageloyl barrmgtogenol 
C ( = sapogenol T-B) 
Presenegemn + glu + rha + xyl 
+ gal + fuc 
Protoprlmulagemn A 
Camelhagenm A (=dihydro- 
prlverogenm A) 
Samculagenm + genm B, 
m p 16&70 + genm C, 
mp 276-9 + glu + ara 
Methyl hederagenate + sapmdlc 
acid + methyl oleanolate + two 
triterpenes 
Mashmc and machaermlc acids 
+ sapogenm K 
Barrmgtogenol C (= theasapo- 
genol B), theasapogenol A, camel- 
hagenm C (= theasapogenol C). 
dlhydroprlverogemn A (=camel- 
hagenm A = theasapogenol D), 
theasapogenol L 
16-Acetyl tumuloslc acid + 
16-acetyl dehydrotumuloslc 
acid + glu 

129 
129 

130 

131 

132 

133 

134 
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TABLE 1 D SAPONINS, PURE OR CRUDE, WHOSF GENINS HAVE NOT BEI:N CHARACTERIZED 

Plant Work done Ref 

4 

5 

6 

7 
8 
9 

10 

11 

12 
13 

14 

15 

16 

17 

18 
19 
20 

21 

Acacm conc,nna 

Cucunlarru fiaudatrlx 

C~clamrn cernum 
C- rherlcurn 
C udzharlcurn 
C ahcharuzum - 
C pwudorher~um 

Fagonra cretlca 

Gledrtschta spp 
(Honey locust) 
G australrs 
G trracanthos 
G_rp~ophtlla tl rchotoma 
Hrdrru partuchocrr 

H rdrocotyle vulyarrs 

Ladygmla hucharrcu 
Lyonra ooaltfolta 
var ellrptrca 
Pamu ymteng 

Polentonrurn 
coeruleum 
Poletnonlunl acutlfollurn 
P pauc$orum 
P occrdentule 
Sumprsorha 
ojic malls 

Securryela securldaca 
Sophora prodanr 
Valerranu 0fiiLmalrs 

Pure sapomn, m p 252” --t gemn, 

C,OH,@S + glu 
Cucumanoslde C--t genm A, (C H 0 ) 30 44 5 
+ glu + xyl + rha 
Sapomn, m p 252 -+ Aglycone + glu + 
ara 

Saponm, m p 270 4 C,,,H,,O, + glu + 
xyl + ara 
Sapomn + Fagogenm, m p 307” + 
C30H4605r m p 326” + glu + rha + ara 
Pure saponm, m p 190” -+ aglycone + 
glu + fru 
Saponm. C,,,H,,O,, m p 296” 
Trlacanthosldes, A, B and D 
Trlchosldes A and C 
Pastuchoslde C, m p 254” --t C H 0 30 48 4 
+ hederagenm + rha 
Saponm 4 Cotylegemns A, B, C, D & E 
+ glu + ara 
Ladygmosldes A, B 8~ E 
Ovahfohoside, C35H5807 -+ ovahfo- 
hogenm, C,,H,,03 + ara 
Panaxoslde B’ + 3 glu 
Panaxoslde C - 2 glu + rha 
Polemomoslde B, m p 232” - Gal 
Polemomoslde C, m p 241’ + Ara + gal 
Three saponms -+ 2 aglycones + 
gal + ara 

Sangmsorbm A, m p 272” - 
genm, m p 242” + ara 
Waremokonm, m p. 204” + 
genm + ara + glu + acetlc acid 
Crude sapomn -+ glu + gal + rha 
Saponm, m p 220” 
Valeroslde A, m p 298” - gemn 
+ glu 
Zygophylosides A, B, C, D & E 4 
genm, m p 305’ + gal + glu + ara 

135 

136 

137 

138 

139 

140 

141 
142 
143 
144 

145 

78 
146 

147 

148 

149 

150 

151 
152 
153 

154 

I35 GUPTA G L and NIGAM. S S (1971) Planta Med 19, 55 
13’ ELYA&, G B and PFRFTQL~ IIIU. N V (1970) Khun Pra So&n 6, 437, (1970) Churn Ahstr 74, 39765 f 
“’ KHV~UELIIIZZ.T A (1967) X Ir~\t Fur~nukok(urn Akad Nuuk Grus SSR Ser 212.(1968) Chem Ahrtr 69, 

16799 c 
I38 TANKER, N (1965) I~tat~hul Umc Eczaclllk Fak Mecmuasr 1, 61, (1967) Chern Ahstr 67, 93926 c 
I” ALI M A andA~~~o,2 (1966)Pakrtta~ J Scr Ind Res 9,41 
‘+I’ A&VA E Z D~NISOVA, E. K _ DACIKSHA, A D and MURAY’EVA, D A (1967) Uch Zap Pyutryorsk Farm 

Inct 6, i 1, (1469) Chem Ahstr 71, 806 h 
14’ GH MATLXSCU. I C and GH HERMAN (1966) Farmacza 14,663 
‘Q GLI-ZALIE T A KONDRATENKO, E S and ABUHAKIROV, N K (1970) Khun Pr~r Soedul 6,482; (1970) Chem 

‘Ahstr 73,’ 1277iO d, PANOVA, D and GEORGIEVA, E (1971) Farmatsyu 21, 34 
* 43 L.LICHANSKAYA, V N , KONURATENKO, E S and ABUBAUROV, N K (1970) Kh[rn Prw Sordm 6,434, (197 1) 

C\I~UI Ah\tr 74. 1041 d 



Name 
Sapomn 
mp C Gemns and sugars RCI 

1Sb 

I Ctrc 11111‘11 111 /run&m IY Cucumarloslde C Genm A, (C,,,H,,O,) I55 

+ glu + xyl + rhct 
2 AC trr~op W/U qurs,:r Holothurm A 22,2%oxldoholothu- l55d 

3 Ho/oth&a mjtrhunda rmogenm*. I7-deoxy- 
H luhrm 22,25-oxldoholothurlno- 
ff lclrcocp!lotu genm + xyl + qumovose 

+ HLSOJ as Na-zalt 
Holothurm B 12[Gmethoxy-7.8 dl- 
213-23 d hydroholothurmogenm 

(neo-holothurmogenms) 
Griseogenm. prdslmo- 
genm, tel naygenm, 
seychellogenln, koelll- 
kerlgenm 

Stlchoposlde A Stlchopogenm A, and A, I56 
2l5~~17 + glu + xql + 3-O-methyl 

glu 
Stlchoposlde C Stlchopogenms + glu + 

gal + xyl + 3-O-methyl 
glu 

-. 

*The vdrlous holothurmogenms are artefacts produced durmg hydrolysis of the saponms 
It may be of mterest to mention that asteroids (sea stars), another class of phylum Eclirrloc/r,~~~trra, dlro clahor- 

ate saponms which belong to steroid group and are highly toxic ’ M’ 

5 Strchopu~/upo,llcl,\ 
Selenka 
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RI R2 R3 R4 R, Rz R3 

DrOb$ OH Ii 22,25 Owdo-holothunnoqenm (A) OH H H Holothurmqenm (B ) 
““&;z H H 17 Deoxy-A OH OH H 22 Hydroxy-B (grlseogenln) 

H H OH CMe 128Methoxy 7,8dlhydro- A OH H OMe 25 Methoxy-B 

H H H OMe 12/i?Methoxy 7,8dlhydro 17, H H H 17 Deoxy-B 

deoxy-A (scychellogenm) 
H H OH 17 Deoxy, 25 hydroxy-B 

H H OMe 17 Deoxy.25 methoxy-B 

HO& Ho&’ 

RI Rz R3 R4 RI R2 
24(25) 

OH H Double bond A 7,8 dlhydro holothunnogenm Doubk bond Stlchopogenm AZ 

OH H H OMe 25 Methoxy 7,Bdhydm holothur mogenm H OH Stlchopogenm A, 

OH OAc H H 22 Acetoxy 7s8d~hydro holothurmogenm 

FIG 4 SAP~GENINS~F THE SEACUCLJMBERS 

BIOLOGICAL ACTION AND USES 

The significance of saponins in pharmacy with special reference to surface activity, com- 
plex formation, hemolysis, toxicity and various therapeutic effects has been reviewed.’ 57 
The relationship between the presence of saponins in leguminous plants and the appear- 
ance of tympamtes in ruminants and the present knowledge of the depressive action of 
leguminous saponins on the growth of chicks and egg laying have also been revrewed.rs8 

The hemolyttc activity of the saponms have been found to be very variable. The water 
soluble saponin from Hedera h&x leaves IS devoid of hemolyttc properties whereas water- 
msoluble saponin lactone from the same source and the magnesmm salt of Its correspond- 
ing hydroxy acid showed a potent actrvity. l1 5 The hemolytic index of pure saponin from 
Calyx primrose was found to be 20.1S9 

IS7 GERLACH. I H (1967) Pharm Zentralh Deut 106,573; (1967) Churn Abstr 67, 111362 x; ZVAVING, J H. (1971) 
Pharm Weekbl ‘106,629 

IT8 MAYMORE, B (1962) Ann 1st Sper Zootec. Roma 9, 429, (1966) Chem Ah& 65, 20575 f 
Is9 ASOEVA E Z, DALJKSHA, A D, DENISOVA, E K and MURAV’EVA, D A (1967) Vch Zap Pyatlgorsk Farm 

Inst 6,k, From Ref Zh &ol Khml (1968) Abstract No 18F 1049. (1969) Chertl Abstr. 70, 103719 f 





Review 2643 

Piricularia oryzae, Trzchothecium roseum and Pglyporus verwolor were determined in vitro. 
Only escm and primulic acid at 5&400 ,ug/ml inhibited hyphal growth.‘@j 

The fungistatic action of 19 saponms and saponm fractions were tested on 15 species 
of fungi, mostly plant pathogens. Sclerotinia fructlcola, C. purpurea, T roseum, P. oryzae 
and Fomes ojicma1l.s were most sensitive to the saponms, whereas Botrlltis allzz, Alternarza 
solanz, Coniophora cerebella, Rhizoctoma solani, Schizophyllum commune and 3 Fusarlum 
species were quite resistant. 7: roseum was sensitive to saponms but was resistant to steroid 
sapomns with double bond at C-5 as in a-solanme etc. Po1ysrzctu.s was completely inhibited 
by steroid saponms but only weakly effected by triterpene saponms whereas the reverse 
was true for Comophora and Aspergdlus.‘67 The glycoside of Anagallis arvenszs revealed 
antifungal action and inhibited germination of linseed. Its LD,, in mice was 675 mg/kg 
per OS and 30.4 mg/kg by S.C. 168 Eupteleoside A and B from Euptelea polyandra also pos- 
sess intense anti-microbial activity169 against Saccharomvces cerevlsiae and Pzrlcularia 
oryzae as well as some phytopathogenic fungi. A synergistic effect of A and B is also de- 
scribed. In another study avenacm, the resistance factor m oat roots, and escm were found 
to inhibit the growth of various fungi mcludmg Ophlobolus grammzs and Neurospora 
crassa. These saponms were found to cause a rapid loss of morgamc ions-K from the 
mycehum of the former and Mg from latter-m the phosphate buffer Similar action was 
noted from the mycella suspended in acetate buffer. The saponms also inhibited the uptake 
of K and Mg m fungal mycelium both m phosphate and succmate buffers.“’ 

The effect of Sapmdus mukorossi saponins (a mixture of five glycosides of hederagenm) 
on blood pressure and cholesterol content in mice has been studied The saponins showed 
LD,, (mg/kg) per OS 1625, XC. 650, z v and r.p 276 m mice. In normal rabbits saponms 
administered per OS (004 mg/kg) did not change arterial pressure. If injected (s c.) at the 
same dose they decreased blood pressure by 255?/ during first 2-3 hr but blood cholesterol 
content remained unchanged. In rabbits with experimental atherosclerosis induced by 
feeding cholesterol rich diet, saponins administered per OS for 3G50 days, beginning from 
the 40th day decreased the cholesterol level from 292-248 to 53--l 10 mg%.“’ 

The action of Cyclamen lbericum saponin m tests on cats, frogs, isolated frog hearts, rab- 
bits and monkeys, showed positive inotropic and negative chromotropic action but no sig- 
nificant effect on arterial pressure and respiration. It also exhibited vasoconstrictive effect 
m isolated rabbit ears and increased permeability of dermal capillaries in rats.“’ The 
effect of Leontxe eversmannz saponm and glycyrrhizic acid on experimental atherosclerosis 
was evaluated on three groups of rabbits which were given 0.3 g/kg of cholesterol daily 
for 60 days. In addition, group 2 received 10 mg/kg saponm and group 3 received 15 mg/kg 
of K-glycyrrhizate. After 60 days animals were killed and the degree of atherosclerosis was 
evaluated. The protective action against atherosclerotic changes was more pronounced 
with saponin than with glycyrrhizic acid. The cholesterol blood levels m the respective 

I” WOLTERS, B (1966) Naturwrrs 53, 253 

“’ WOLTERS, B (1968) Planta 79, II 
“’ STARON, T, ALLARU, C, HEITZ, S and BILLET, D (1969) Phl’tlat-Ph~ltophur,t~ 18, 161, (1971) Cl~rn Abstr 

75,59769 J 
lh9 GOTO, M, MURATA, T, IMAI, S and FLIJIOI~A, S (1970) Yakuyaku Zasshr 90, 736, (1970) Chert7 Abstr 73, 

84655 k 
“’ OLSEN, R A (1971) Ph_~~ol Plant, 24, 534, (1971) rbrd 25, 204, 503 
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groups were as follows: Group (1) 600-775, (2) 40@500; (3) 500-600 mg”,, In addltlon the 
cholesterol: leclthm ratio was reduced by saponm and glycyrrhlrlc acid ‘-’ 

Aralosides A, B and C of AJYL~U IIIUIIX~UI’I~U upon intravenous n?lection at 10 mg,‘kg 
markedly stimulated the electrlcal actlvlty of the rabbit brain and increased the processes 
of nerve cell excltablhty and lablhty “’ 

The acid and neutral saponinr of Pufrrr~~ 771ter777edrc1 when admmlstercd .\ c. to m~cc at 
l@ 100 mgjkg, reduced the spontaneous motor (CNS depressant) actl\lt>. prolonged hex- 
anal (70 mg/kg, I p 1 induced sleep and m rats, at the same dose, mhlblted condltloned 
reflex rcactlon. Prior adrnmlstration of the glycoslde (0 2--0.3 g/kg) reduced the con~uls~vc 
action of strychnme (1 mg,fkg 5 c ) and Increased the hfe span.‘-i The sapomns of C’~,~rc~/la 

LISKI~KU exhibited scdatlve action m rat and mice and the mode of actlon appeared to bc 
mainly on the cholmerglc mechamsm m CNS.“” 

The comparative study of pharmacological propertles of Buplc~ur77 lor1(/c~r.c7tlrc7tlrlll WI 

hr~~udzutu777 and B f~1Iu7lu777 saponms has been made Per OS admmlstratlon of 1 0~3 0 g 
kg of the saponms was not toxic and the aflalgeslc effect of the former was twice that of 
the latter. Both the saponms (500 mg,‘kg prr OS) prolonged sleeping time mduced by hexa- 
barbital sodmm m mice They also decreased the blood pressure of rabhlt ( 10 25 mgi kg). 
caubed cardiac mhlbltlon of Isolated frog heart and gumea pig arterial preparations and 
Increased the perlstahsls of isolated rabbit Intestine (I-2 x 10 -.a g/ ml) Rat paw edema in- 
duced by dextran. 5-HT and croton 011 was suppressed by prr 03 admmlstratlon of 600 mg,’ 
kg of both the saponms whereay mhlbltlon of pleural exudation after 0 I”,, !?\a~; blue and 
0 2”/,, gum arabrc. was only slight. Thus, there was no difference m the actIons of the t\$o 
saponms except m the analgesic effect lY7 

The termite and fungal resistance of the ancient woods 111 temples have been found to 
be due to the presence of sapomns.‘-* Saponms, aglycones have been found to strong11 in- 

hlblt the voracity of the tcrmltes.“” The antitermltic behavlour of the 7% 77~~7~w7~77u 

ppor7rcu wood was shown to be due to saponms C,, C3 and D which Nere active m 
the order (’ > D > C‘? “’ 

A process has been patented for an antlgemc vaccine with a saponm adjutant fcjr ml- 
mumzmg vertebrates agamst protozoa1 diseases. The antlgemclty of an antlgcn prep- 
aratlon obtamed from the trqpanosomes of protozoa of ?iypar7o.w77a species. has been 
enhanced by admlxture with the aqueous solution of a saponm preparation, &tamed from 
the bark of Qurlla]~ ~supo1zu7~1~1 OI the root of Snpc~r~r oficrr~crlr.~. The rcsultmg antigen 
preparation was to immumze against diseases caused by pathogenic protozoa a\ Chagas’ 
disease and trypanosmlasla ’ “’ 

An improved process for the commercial production of three active glycosldcs. m p 
26&270 , 2 l.S-920 and a syrup respectively, from Pnr~\- gr77wmq. has been d~Joped and 
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their action on the rectal and abdominal muscles of frog have been determined.“’ 
Recently two saponms have been isolated from Gkditschia horrlda which show antifertility 
effect in female mice.’ 82 

The saponins from sea-cucumbers exhibit varied types of biological activities. Holo- 
toxm, a crystallme sapomn m.p. 250”d, isolated from the body-wall tissues of Stlchopus 
japonicus showed high activity against various fungi includmg vegetable pathogens (in ultra 
MIC = 2-16 ,ug/ml) but it was almost inactive against Gram negative and Gram positive 
bacteria and mycobacteria. The IR spectrum of holotoxm is similar to that of holothurm 
but it IS not sulphate. Holothurin did not exhibit antifungal activity.183 Holothurin A 
caused almost complete inhibition of protem synthesis m rat bone marrow cell cultures 
at 10 mg/ml, stichoposides A,, A and cucumarioside C produced 90,70 and 50% inhibition 
but plant saponms, panaxosides B and C, were found to be almost completely inactive 
at this dose level.’ 84 Holothurm B at a concentration of 2.5 x lo- 5 M, produced irrevers- 
ible blockade of the responses both to indirect electrical stimulation via the nerve in the 
rat phrenic nerve diaphragm preparation and direct electric stimulation of muscle.‘85 The 
toxic effects of stichoposide A have been studied and it was found to arrest the division 
of eggs of sea urchm, Stronglylocentrotus lntermedius with cytolysis of blastomeres.’ 86 
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