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1. INTRODUCTION 

THE term saponin is applied to a group of natural products which have in common the 
property of foaming when shaken with water. They are widely distributed in the vegetable 
kingdom and have been reported to be present in at least 500 genera of plants. Chemically, 
saponins are glycosides which yield on hydrolysis (a) one or more sugar units and (b) sugar- 
free aglycones which are derived from polycyclic ring systems and are commonly referred to 
as sapogenins. 

Classification of saponins into two broad groups is based on the chemical nature of the 
sapogenins. The insight into the basic carbon skeletons of these genins has been obtained by 
dehydrogenationwithvarious reagents, e.g. sulphur, palladium-carbon, zinc dust or selenium; 
the last of these has proved to be a comparatively better dehydrogenating agent. Some of the 
sapogenins are dehydrogenated to Diel’s hydrocarbon (3’-methyl-1,2-cyclopenteno-phen- 
anthrene) which contain a tetracyclic cholane skeleton related to the steroid type of com- 
pounds. The second type of sapogenins give on dehydrogenation a mixture of naphthalene 
and phenanthrene hydrocarbons, mainly sapotalene (1,2,74rimethyhraphthalene), character- 
izing these genins as triterpenoids because of the similarity of the pattern of the dehydrogen- 
ated products obtained from c+ and @qrins, lupeol and the tetracyclic triterpenoids. 

Thus, the two groups of saponins may be detined as: 
(1) Suponins of chokzne group. These are derived from the same tetracyclic ring system as 

in sterols, bile acids and cardiac aglycones.l Some examples of this class are digitonin(Digitulis 
pwpurea and D. landa), gitonin (D. purpurea), tigcdn (D. lanata), sarsasaponin (Radix 
sa,rmilla, Yucca schotti), dioscin (Diozcorea tokora), trillarin and trillin (Trillium erectwn). 
These sapogenins are Cz7 steroids carrying a spiroketal side-chain which exhibits several 
characteristic strong i.r. bands2 in the region of 1350 to 875 cm-‘. This group would not be 
considered in this review but the structures of some typical examples are given in Fig. 1. 

R_ 
Di&ogai& R, R’, R”-OH 
Gitogenin, R, R’-OH; R--H 
Tigogenin, R-OH ; R’, R”-H 
S==wgenin, R-OH, R’, R*-H 

FKS. 1. 

1 L. F. FIRWR and IvI. FIESER, Steroti, p. 810. Reinhold, New York (1960). 
2 M. E. WALL et al., Anal, Chem. 24,1337 (1952); R. N. JONES et al., 1. Am. Gem. Sot. 75,158 (1953). 
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(2) Saponins of triterpenoidgroup. These are extensively distributed in the plant kingdom 
and constitute the majority of the saponins found in nature. So far there is only one example 
of saponins having been isolated from sea-cucumber and star fish and, therefore, having an 
animal origin.3 A great variety of these saponins differ only in the number and the type of 
units in the carbohydrate moiety linked to a particular sapogenin. The triterpenoid sapo- 
genins, with a few exceptions, belong to @myrin group and are usually simple alcohols and 
acids. Occasionally, a sapogenin is encountered having aldehydic and lactone functions. 

Triterpenoid saponins have been known for over 100 yr and a few efforts have been made 
more than a decade ago to review 4 their chemical and biological properties. However, in the 
last 20 yr a noteworthy progress has been made in this field as a result of the development of 
improved techniques for the isolation and detection of natural products, and the elucidation 
of the finer details of triterpenoid chemistry. Therefore, a brief review of the work in this field 
during the last two decades (as reported in Chemical Abstracts up to Volume 62 (1965)) is 
presented here with a view to presenting a consolidated picture covering the distribution of 
saponins in nature, their chemistry and biological activity. 

2. DETECTION AND ISOLATION 

Saponins and their genins are usually detected by means of the characteristic colours they 
produce with various reagents, e.g. Liebermann-Burchard, thionyl chloride, phosphomolyb- 
die acid, silica-tungstic acid, etc.5 and the hemolysis of blood.6 For the purpose of detection 
on paper chromatograms, some of the above reagents have been modified.7-11 A quantitative 
and highly sensitive micro method in which filter paper discs wetted with saponin are embedded 
in blood gelatin has been devised. l2 Other reagents used for detection are sodium meta- 
periodate-alkaline potassium permanganate mixture, l3 antimony trichloride/chloroform- 
chloroform-vanillin/chloroform (5 : 4 : 1). l4 Similar reagents for thin layer chromatography 
(TLC) l5 have also been described. Various solvent systems have been reported to provide 
satisfactory separations, viz. ethyl acetate : pyridine : water l6 (3 : 1: 3): butanol: acetic 

3 T. MATSUNO et al., Kyoto Yakka Daigaku Gakuho 11, 12 (1963); Chem. Abstr. 61,889 (1964). 
4A.M.So KOUKAYA and L. N. MANION, Vestn. Akad. Naak Kaz. SSR 11,74(1955); Chem. Abstr. 49,12179 

(1955); CH. SANNIE, Exposes Ann. Biochem. Med. 9, 175 (1948): K. PAECH and M. V. TRACEY, Modern 
M&ho& in Plant Analysis, Vol. 3, p. 58. Springer, Berlin (1955); R. TSCHESC~ and G. WULFF, Pfanta 
Med. 12,272 (1964); P. BOITEAU, B. PASICH and RAIXMAMANGA RAKOTO, Las Triterpenoides en Physiologic 
Vegetale et Animaie, Gautheirs-Villars, Paris (1964). 

5 A. SOSA, Ann. Pharm. Franc20,257 (1962); Chem. Abstr. 57.7383 (1962); G. R. VANA~A and J. GUGGOLZ, 
J. Agr. Food Chem. 6, 849 (1958); Chem. Abstr. a,14818 (1959); B. PASICH, Dissertationes Pharm. 13, 1 
(1961); Chem. Abstr. 55,16915 (1961); K. TAKAMURA, M. SATAKE et al., Yakugaku Kenkyu Hokoku 2,15 
(1958); Chem. Abstr. 53,559O (1959). 

6 E. KOLOS-PETH~S, Gyogyszereszet 4,339 (1960); Chem. Abstr. 60,528O (1964). 
7 CHR. J. K. MINK, .I. Pharm. Pharmacol. 8, 1155 (1958). 
8 B. G-~,etal.. IsraelJ. Chem. 1,460(1%3); Chem. Abstr. 60,14743 (1964):B. &srEmER, J. Chromat. 

13,259 (1964). 
9 B. PASICH, Nature 190,830 (1961). 

loa G. R. VAN ATTA, J. Agr. Food Chem. 10,519 (1962); Chem. Abstr. 58.4975 (1963); A. J. KH~RLIN et al., 
Izv. Akad. Nauk SSSR 2008 (1963). 

lob R. Tw and G. WULFF, Chem. Bet-. 94,2019 (1961). 
1OC T. KAWASAKI and K. MIYAHAU, Chem. Pharm. Bull. (Tokyo) 11,1546 (1963). 
11 E. KOLOS-PETHES, Gyogyszereszet 3,473 (1959); Chem. Abstr. a,2637 (1963). 
12 T. KAamIo and R. E. Haaas~, Pkznta rued. 12,428 (1964). 
13 N. L. DUTTA, Nature 175,85 (1955). 
14 F. SANDBERG and K. H. MICHEL, LIoydia 25,142 (1962); Chem. Abstr. 58,7134 (1863). 
ls A. YA. KENIIUN et al., Zzv. Akad. Nauk SSSR, Ser. Khim 2008 (1963); Chem. Abstr. 6&8113 (1964); 

A. J. VAN DUUREN, J. Am. Sot. Sagar Beet Technologists 12,57 (1962); Chem. Abstr. 58,5985 (1963). 
16 S. CZYSZEWSKA. Biul. Inst. Roslin. Lechzniczych 9, I2 (1963); Chem. Abs:r. 60, 13094 (1964). 
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acid : water9 (6 : 1: 3) and butanol: IM NH,OH : 95% alcohol loa (60 : 30.5 : 13), etc. Chloro- 
form : tetrahydrofuran : pyridine lob (10: 10:2) saturated with formamide and chloroform: 
methanol:water ioc (65: 35 : 10) have proved to be particularly good for paper chromato- 
graphy, TLC as well as separation of saponins on cellulose and silica gel columns. 

A comparative study of the saponin content in Saponaria, Polymonium, Primula, etc. has 
shown that the highest yields are obtained by collecting the plant material just before the 
flowering time.17 Several methods have been employed for the isolation of crude saponins 
and their purification. The water-insoluble saponins generally precipitate out on concentra- 
tion of the alcoholic extracts. The precipitation of water-soluble saponins has been achieved 
as stearin or cholesterol addition complexes 18-20 from which the saponin may be liberated 
quantitatively. The use of paper electrophoresis for the purification of saponins, using 
aqueous borate buifers,*i and of genins using butanol : acetic acid : water (1: 1: 1.25) has been 
reported 22 but more fruitful results have been obtained by employing ion exchangers. Thus, 
araloside A is absorbed over Dowex 1 and eluted with 10% acetic acid followed by 90% 
alcoho1;23 the saponins of Hedera helix, horse chestnut and Glycyrrhiza ghabra are absorbed 
by anion exchangers from the solution of saponin-EtsN salts and then eluted by displacement 
with Cl- ion;24 alfalfa saponins are purified by ion-exchange chromatography prior to 
precipitation with cholesterol.2s In the case of acidic saponins advantage has been taken of the 
precipitation of the crude saponins as sodium or ammonium salts26 or esterification of the 
carboxyl group with diazomethane prior to partition chromatography.27 Although some 
reports on the chromatography of saponins over acid-washed alumina2* are available, 
generally the purifkation is best achieved by partition chromatography over cellul~se~~ or 
silica gels0 Processes have also been patented for the large-scale extraction of saponins from 
beet 31 (Beta vulgaris) and licorice lgg (Glycyrrhiza glabra). 

3. CHEMICAL CONSTITUENTS 

The ease with which sapouins are hydrolysed into sapogenins and sugars (of which there 
may be up to 12 units) varies from case to case; usually refluxing with 5-10 per cent mineral 
acid is necessary for a complete breakdown. Sometimes hydrolysis can be carried out with 

17 I. L. STECXA, DisserfutionsPkurm. 15,327 (1963); Chem. A&r. 61,545O (1964); B. DROZDZ, Pharmozie 19, 
538 (1964). 

1* W. SCHWABE, Ger. Patent 1045597; Chem. Abstr. 54,23211(1960). 
19 F. A. KLINCZ, Brit. Patent 820788; Ckem. Abstr. 54,6041(1960). 
20 W. w and P. PA=, Naturwissenschu~en 47,83 (1960); Chem. Abstr. !M,l5830 (1960). 
21 C. B. COIJUON, J. Sci. Food Agr. 9,281(1958); Chem. Abstr. 52,15662 (1958). 
n T. Sm et al., GUi( Yakka Duiguku Eye 6,35 (1956); Chem. Abstr. S&5366 (1957). 
23 0. B. EL.YAKOV et al., ZZP. Akad. Nat&. SSSR Otd. Kkim. Nauk 1605 (1962); C.A. 58,4604 (1963). 
24 H. SANDER, M. AL-~ et LIZ., Pharm. Acfa Helv. 35,30 (1960); Chem. Absrr. S&l5830 (1960). 
25 H. D. JACKSON and R. A. SHAW. Arck. Biochem. Biouhys. 84.411(1959). 
2a S. HOHNJBB-MI c and g. BENZINGEX, Sci. Z&&m. 30, 3 (i962); Chem. Abstr. 57, 12632 (1962); 

N. K. K~KOV et al.. Zhur Obskckei Khim. 31.658 (1961): Ckem. Abstr. 56.22367 (1961). 
26b R. T.WXEWHE and G. kJLFF, Planta Med. 12,2i1(19ti). . . 

. _ 

27 B. W et al., Zsrael J. Chem. 1,460 (1963); Chem. Abstr. 60,14743 (1964). 
28 F. SANDBL?RG et al., Svensk Farm. Tio!skr. 62,541 (1958); Chem. Abstr. !53,2538 (1959); S. CZYSZEWSKA, 

Biul. Inst. Roslin. Lecniczych 6,192 (1960); Chem. Abstr. 56.7567 (1961); F. SANDLIERQ and A. F. SHALALW, 
Svensk Farm. Ttikr. 64,677 (1960); Chem. Abstr. 55,2817 (1961). 

29 R. P. -I and M. L. DHAR, J. Sci. Znd. Res. (India) 19B, 252 (1960). 
30 T. SXQA, Japan Patent 1940 (‘64) Ckem. Abstr. 61,819 (1964). 
31 T. BERN et al., Israeli Patent 16340; Chem. Abstr. 61,5964 (1964). 
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enzymes, e.g. hydrolysis of alfalfa saponin has been achieved with a fungus preparation 
(Aspergillus).32 

The sugar components have been usually identified by the conventional method of paper 
chromatography in various solvent systems. The sugar units are linked to the genin by glyco- 
sidic linkages; an ester linkage is rarely encountered and only D-glucose has so far been found 
in such a combination.33 The following eight sugars have almost exclusively been found 
to be involved in glycosidation: D-ghCOSC, D-galactose, D-galacturonic acid, D-glucoronic 
acid, D-xylose, L-arabinose, L-fucose and L-rhamnose. The structure of the sugar chains in a 
few cases have been elucidated by the usual method of methylation followed by hydrolysis 
and the identification of the inidividual methylated units (see Section A). It has been found 
that the sugar moiety is very often linked at C-3 OH of the aglycone but in some this linkage is 
at other positions,e.g. in musennin at C-16 OH and in asiaticoside at C-28 COOH. Gypsoside 
A has two sugar chains, one linked at C-3 OH and the other G28 COOH. Further, the nature 
of the sugar chain generally seems to be branched although there are some exceptions, e.g. 
asiaticoside. 

Although the configuration of the glycosidic linkages in saponins has been rarely worked 
out, the general composition of the glycosidic chains is such that the pentoses and methyl 
pentoses are “on the outside”, i.e. as shown in Fig. 2. 

o-glu +-pentostjmethyl pernose 

FIG. 2. 

It would be interesting to postulate on the preferential incorporation of the sugars, listed 
above, into these glycosides, The sugars are biogenetically related, probably in such a manner 
that the other seven originate from n-glucose. Thymidine diphospho-D-glucose gives rise to 
L-rhamnose34 whereas guanosine diphospho-Dmannose(GDP-Man) has been proved to be 
the biosynthetic precursor of L-fucose ,35 A pathway for the conversion of glucose to GDP- 
Man is also known3’j The conversion of D-glucose into the other sugars is well known and can 
occur by way of UDP derivatives.37 

Thus, the new sugars are formed as nucleotide derivatives of the type which are especially 
suited for transglycosidation to a genin. The free sugars are not incorporated. This makes the 
preferential formation of glycosides of these sugars understandable ifit is assumed that other 
sugars, such as pentoses and deoxy-hexoses, do not originate in plants in an exactly corre- 
sponding manner. Some evidence that this is in fact the case has already been obtained.38 

(b) Sapogenins 

Intensive investigations on the chemistry of triterpenes commenced around 1930 but until 
1950 these were mainly confined to establishing the gross structures and relationship of mem- 
bers of this group. The problem of the stereochemistry of this group was indeed very complex 
as the parent hydrocarbon contains eight centres of asymmetry giving rise to 256 possible 

32 W. A. L-S and M. B. O’DONOVAN, S. AjhmJ. Agr. Sci. 4,293 (1961); Chem. Abstr. 56,101%(1962). 
33 N. K. KOCHETKOV et al., In. Akad. Nuuk SSSR, Ser. Khim. 1398 (1963); Gem. Abstr. 60, 5620 (1964). 
34 W. Z. Hm et al., Proc. Nat1 Acad. Sci. U.S. 46,905 (1959). 
35 W. Z. Hw, Biochem. Sot. Symp. 21,63 (1962). 
36 J. E. WATKIN and A. C. Nexstr, Phytochem. 1,52 (1961). 
3’ T. REI CHKIXIN, Angew. Gem., htern. Ed 1,572 (1962). 
38 S. BARBAN md H. 0. S CHULZE, J. Biol. Chem. 236,1887 (1961); Zdem, Ibid. 237,291 (1962). 
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con6gurations which would be further augmented when substituents were introduced in the 
alicyclic system. Some simplification of the problem became apparent with the realization 
that the mode of locking of rings A to D was common to a$-amyrins and lupane derivatives. 
The situation was, however, resolved by the exposition of the principles of conformational 
analysis 3g and by the application of rules to the shifts of the molecular optical rotations of 
polycyclic compounds.4o 

The stereochemistry of Bamyrin was derived from the chemica141 and X-ray4* evidence; 
that of the lupeol family followed from its relationship with Bamyrin family by 
interconversion.43 

The gross structure of the a-amyrin group was determineda in 1949, and the first direct 
interconversion between the two amyrin groups was accomplished in 1955 with the conver- 
sion of ursa-1 1: 13(18)-dienyl acetate to olean-l 1 : 13(18)dienyl acetate.45 Almost simulta- 
neously the complete stereostructure of a-amyrin was established on the basis of extensive 
chemical and physical dakti The unambiguous cotiguration of this expression was 
obtained by the synthesis of olramyrin from glycyrrhetic acid (a /I-amyrin derivative with 
functionality at C& by a series of stereospecilk reactioru~~~ 

Both a and /kqrins possess trans-anti-trans-trans-syn-cis arrangement of the rings A, 
B, C, D and E and the formulae are given in Fig. 3. 

Ho& ..gF@ 
HO 

Lupeol 
Fro. 3. 

39D.H.R.BARTON,ErperieR&6,316(1950). 
40 W. KL.~ J. Chem. Sot. 2916 (1952); J. A. MILLS and W. KL~E, Progress in Stereochemistry, Vol. 1, 

p. 177. But.tenv~ London (1954). 
41 D. H. R. BARTON and N. J. HOL.NES, J. Chem. Sot. 78 (1952). 
~A.M.ABDEk~andC.H.-, them. ztld. 279 (1954). 
43 T. R. AIGS, T. 0. HALSUL et al., J. Chem. Sot. 450 (1951). 
44 L. RUZICKA, 0. JEGER et al., Hefv. Chim. Acta 32,1075 (1949). 
45 0.0. ALLAN et al., Chem. Zmf. 281(1955). 
46B. J. COREY and J. J. URSPRUNG, Gem. Znd. 1387 (1954); Zdem, J. Am. Chem. Sue. 78, 183 (1956); L. 

RUZICKA et al., Helv. Wm. Acta 39,441(1956). 
47 EL J. CQREY et al., J. Am. Chem. Sot. 81,1745 (1959). 
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It is also worthwhile to note some leading recent applications of physical data, e.g. u.v.,~* 
r.r.,49 0RD,50 cricular dichroism,51 and especially NMR52 and mass spectroscopy53 to 
stereochemical and conformational problems as well as to structural determinations in the 
triterpenoids. 

This review shows that the geninsderived from@amyrin outnumber, bothinvarietyandfre- 
quency, anyothertypes, andthat oleanolicacid seems to be the predominant compoundof this 
type found in nature. The genins which have been characterized are recorded in Figs. 4 and 5 

HO’ 

Acacic acid, 
Arjunolic acid, 
R+arrigenol, 
-xwrin8togwol, 

(= Rz barrkenol) 
Barringtogwic acid, 
Barringtogenol C. 
Ba.rringtogenol D, 
Bassic acid 
Cincholic acid 
Cyckmiretin D, 
Echinocystic acid, 
Jkigenin, 
Glycyrrhetic acid 
Gypwenk 
Hederagenin, 
Medicagenic acid, 
Okanolic acid, 
Protoescigenin. 
Polygalacic acid 
Phytolacca8cnin, 
Soyasapogenol A, 
Soyasapo8enol B, 
soyasapogenol c, 
Styphnodendcon genin B, 
Styphnodendron genin F, 

23 

16,21-OH; 28-COOH 
2-OH; 23-CH20H; 28-COOH 
15, &OH; 27,28_CHzOH 
2-OH; 23,28-CH20H 

2-oH; 23,28-COOH 
16,21,22_OH; 28-CHzOH 
22-OH; 16 + 210X0; 28-CHzOH 
2-OH; 23-CHzOH; 28-CO0H; 45(6) 
27,28-COGH 
16-OH; 25-CHO; 28-CH20H 
16-OH; 28-CGGH 
22-OH, 16 -+ 21 0X0; 23,28-CHzOH 
1 I -CO ; 29-COOH 
23-CHO; 28-COOH 
23-CHzOH; 29-COOH 
2-OH; 23.28-COOH 
28-COGH 
16,21, U-OH; 23, 29-CHzOH 
2,16-OH; U-CH20H; 28-COOH 
2-OH: 23-CHfiH; 28-COOH; 29-COOCHs 
21,22-OH; 23-CHzOH 
21-OH; 23-cHzOti 
23_CH,OH: dal(22) - I 

21 + 28 lactone 
2-OH; 20 --f 28 lactone. 

FIG. 4. 

48 D. W. TURNER, J. Chem. Sec. 30 (1959); R. A. MICIELI and T. H. APPLEWHITE, J. Org. Chem. 27, 345 
(1962); G. SNATZKE and H. FEHLHABAR, Ann. Chem. 663,123 (1963). 

@A. R. H. COLE et al., J. Chem. Sot. 4868 (1956); Idem, ib/d. 1212, 1218, 1222 (1959); G. SNATZKE et a/., 
Tetrahedron l&l417 (1962). 

so C. DJERASSI et al., J. Am. Chem. Sot. 81,4587 (1959); Idem, Tetruhedron 13,13 (1961); Idem, J. Am. Chem. 
Sot. 844929 (1962); G. OUIWWN et aC., Bull. Sot. Chim. Fkmce 1938 (1960); J. S. E. H~LKER and W. B. 
WHALLEY, Proc. Chem. Sot. 464 (1961). 

51 G. OUIUSSON et al., Bull. Sot. Chim. France 1101 (1963). 
sz J. M. metal., Bull. Sot. Chim. France 1702 (1963); Idem, Tetrahedron 19,1733 (1963); M. SHAMMA etai., 

J. Org. Chem. 27,4512 (1962); D. LAVIE et al.. Tetrahedron 19,2255 (1963); A. K. BOSE et al., J. Am. Chem. 
Sot. 85,2795 (1963). 

53 C. DJERASS et&, Tetrahedron Letters263 (1962); I&m, J. Am. Chem. Sot. 85,3688 (1963); J. L. COURTNEY 
and J. S. SHANNON, Tetrahedron Letters 13, 173 (1963); W. VEITER, Bull. Sot. Chim. France 415 (1964). 
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HO & 
Albigenin 1640 

Albipnic acid, 16-OH; 28-CGOH 

HO 

Morolic acid 

HO 

Cyhmiretin A 

0 
I 

OH & CHzOH 

HO 

HOHlC 

CH#ZI 

& I COOH 

HO 

HO 

HOOC 
Senegenin 

FIG. 5. 

HO 

E-1, 
Maniladiol, 
Cochalic acid, 
Gummosogekn, 
Longispillogenin, 
Machacrinic acid, 
Machacrk acid, 
Querehroic acid, 
Dumortierigulin, 
Myrtillogenic acid, 
Chicbipegc~ 
Treleasegcnic acid, 

28-CHfiH 
M-OH 
&OH; 28-COOH 
M-OH; 28-CHO 
&OH; 28-CHfiH 
21-OH; 28-COOH 
21-CO; 28-COOH 
3O-CHfiH; 28-COOH 
22-OH; 15 + 28 lactone 
16-OH; 28-CHfiH; 30-COOH 
16,22-OH; 28-CH20H 
21-OH; 28-COOH; 30-CH20H 

FIG. 6. 
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in a classi&d form and the references pertaining to them are given in relevant Sections A to E. 
Recent investigations have shown that occasionally alterations take place in the genins during 
the acid hydrolysis of the glycosides, with the result that either more than one aglycone 
is obtained or the isolated aglycone is not genuine. 

Mention must also be made of the extensive investigations 54 on 40 species belonging to 12 
genera of the subtribe Cereunue of the giant cactii, which have yielded interesting results. All 
these genins, except thurberogenin and stellatogenin (Section E-vide infru), belong to 
&amyrin series and are given Fig. 6. 

Apart from machaerinic acid (in certain species of Albizzia only), erythrodiol and manil- 
adiol, these genins have so far been encountered amongst cactii only. An interesting fact 
emerges that besides the ubiquitous 3kOH group, oxygenation is only limited to six other 
carbon atoms (positions 15,16,21,22,28 and 30) which form virtually a continuous chain. 
Oxygenation at 15,21,22, and 3O-as found in cactus genins-is rare in the triterpene field. 

28 

2 27 

5 
HO & 6 

23 

Quinovic acid, 
Asiatic acid. 
centoic acicid 
Brahmic acid 

27,2&COOH 
2-OH : 23-CH,OH : 28-CQOH 
5,6-Oh; 2kti20ti; 28-COOH 
2,6-OH; 28-COOH; 23-CH20H 

FIG. 7. 

HO 

Betulin, R’-CH20H ; R-c; 

Betulinic acid, R’-COOH; R-c 
3 

Thurbemgcnin, /CH2 17 + 19 lactore; R-, 
CH3 

Stellatogenin, 
cH3 

17 + 19 lactoue: R+OH 
cH3 

FIG. 8. 

54 C. DJEWW, Festschrift Prof. Dr. Arthur Stall, p. 330. Birkhauser, Base1 (1957). 
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Examples of saponins haviug geuins of cc-amyrin group have so far been encountered in 
two cases. These genins are quinovic acids5 and asiatic acid (Fig. 7). 

The lupeol group of genins are very rare in nature. The following types have been reported 
and the last two genins have been found only in cactii (Fig. 8). 

In the tetracyclic triterpenoid group, there are five examples, namely panaxadiol, bryo- 
gemin, bacogenins, gratiogmin and the cucurbitacins shown in Fig. 9. 

HO HO 

R 

Pamxadiol R-H, RyOH Gratiogenin R-H 
Pmaxatriol R-GH, RI-OH Hydroxygmtiogenin R-OH 

HO HO 

Bacogcmin Al 

RI 

RZ 

Cucwbitacin A, RI-OH, R2-C0, R&zOH, R,-AC, A=(%’ 
B, OH, 

iz$ 

a3, AC, A23W 

ii & 

CHzoH, AC, 423~) 

Ji OH, % 

C&S H, A23W) 

AC, AW24, AU21 

? :z 

or;, Eg: H, d23w) 

J:* 06 2 
a3 H, A23W), Al@) 

K,’ OH, CO: 2: 
H, Al@‘, C&-OH 
H, A’@), C&-OH 

L, OH, CO, -3, H, AlW 

*~-OHisomrs 

FkL 9. 

55 K. pm and M. V. TRACEY, Mot&n iWetho& in P&t Artulpi~, Vol. 3, p. 123. Springer, Berlin (1955). 
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4. CLASSIFICATION OF AVAILABLE DATA 

This survey has been divided into five sections based on the isolation of the saponins and 
the characterisation of their genins. The sugar components wherever identified have also been 
incorporated. This survey does not, however, include those plants in which the presence of 
saponin has been reported but no further work has been done. The following abbreviations 
have been used : glc. = glucose, fru. = fructose, gal. = galactose, ara. = arabinose, fuc. = fucose, 
xyl. = xylose, rha. = rhamnose, glc. UA = glucuronic acid, gal. UA = galacturonic acid, 
amorph. = amorphous, tryst. = crystalline. 

SECTION A. PURE SAFONMS WHOBE -TRY HAS BEEN COMPLIXELY ELABORATED. INCLDDINO THE 
CONFIGURATION OF THE CARWIHYDRA~ U&UN 

Plant Saponin Genins and sugars Ref. 
- - --- --- -..-- 

Aesculus htppocastanum 
(horse chestnut) 

Aralia manschurica 
Aralia elata 

Centella asiatka Syn., 
H*ocotyZe asiatica 
(Madagascar variety) 

Cinchona CaZLsaya 

Giycyrrhiza &bra and 
other spp. 

Gypropkila pacifica 

Escin, tryst., 
m.p. 224” 

Cryptoescins A 
andB 

Es& 

Araloside A 
m.p. 195” 

Araloside B 
m.p. 230” 

Araloside C 
Asiaticoside 

Glycoside A 
(quinovin) 

Glycoside B 
Glycoside C 
Glycyrrhii (Gly- 

cyrrhizic acid) 
Gyposide 

Prosapogenin --f escigenin 56, 57,58 

(Mixture of escin, methyl ester of escin 59,60 
and cholesterol) 

Protoescigwin+escigenin+escinidin 61 
(present as angelic or tiglic acid salts) + 
D-glC. + D-xyl. I- D-glc. UA 

Oleanolic acid + glc. UA + D-giC. + bara. 62 

Oleanolic acid+glc. UA+glc.+2 ara. 

Oleanolic acid + glc. UA + glc. i xyl + gal 
Asiatic acid + 2 glc. +rha. 63 

Quinovic acid + 6 deoxy-glucose 64 
(quinovose) 

Quinovic acid + D-glc. 
Cincholic acid+ 6 deoxy-glucose 
Glycyrrhetic acid + 2 glc. UA 65 

Gypsogenin+D-glc. + D-gal. + D-Bra. + 66 
L-rha. + D-f& + D-glc. Ua + 3 D-xyl. 

- -- 

56 Zdem, ibid., Vol. 3, p. 117. Springer, Berlin (1955). 
57 0. JEGEIX et al., Helv. Chim. Acta 40,239O (1957). 
5s 0. P. MEL’NICHUK, Nekotorye Vopr. Farm. Sb. 266 (1956); Chem. Abstr. 52, 3044 (1958); H. SCHI~, 

Ger. (East) Patent 11046; Chem. Abstr. 53,744 (1959); J. m and F. WOJAHN, &it. Patent 820788; Chem. 
Abstr. 54, 6041 (1960); H. EIU%UNG and W. WINWR, Ger. Patent 1095989; Chem. Abstr. sb, 25169 
(1961). 

59 J. WAGNER and J. Ross~, 2. Physiol. C’hem. 322,254 (1960); Chem. Absfr. 55.10594 (1961). 
60 R. T~CHEXHE and U. AXEN, Naturwissenschqften 51,359 (1964). 
61 R. TXHESCHE, Ann. Chem. 669, 171 (1963); R. KUHN and I. Low, Ann. Chem. 669. 183 (1963); Z&m, 

Tetrahedron Letters 891 (1964). 
62 A. YA. KH~RLIN et al., Zh. Obshch. Khim. 31; 658 (1961); Chem. Abstr. 5!5,22367 (1961); Idem, IN. Akad. 

Nauk. SSSR, Ser. Khim. 1398 (1963); Chem. Abstr. 60,562O (1964); Z&m, ibid. 1338 (1964); Chem. Abstr. 
61,16344 (1964); Idem, Ref. Zh. Khim. 1963, Ahstr. No. 17 Zh 336; C’hem. Abstr. 61, 1930 (1964). 

63 J. POLONSKY et al., Z3ull. Sot. Chim. France 880, (1959); ibid. 1586 (1961). 
6J R. DUPHORN, G. SNATZKI! et al., Ann. Chem. 667,151(1963). 
65 B. LYTH~ and S. TRIPPET, J. Chem. Sot. 1983 (1950); C. A. MARSH and G. A. LEVY, Biochem. J. 63,9 

(1956). 
66 A. YA. KHoRLlN et al., Zh. Obsheh. Khim. 32, 782 (1962): Chem. Abstr. 58.4636 (1963); Zdem, Z.W. Akad. 

Nauk SSSR, Ser. Khim. 83 (1964); Z&m, ibid. 90 (1964); Chem. Abstr. 60,10776 (1964); Zdem, Tetmhe&on 
Letters 477 (1963). 
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plant Genins and sugars Ref. 

Kalopanax sqtetnlobus 

Primula elatior 

SaponinA 
m.p. 230” 

SaponinB 
Saponin 
Saponin A 

Oleanolic acid + ~-am. + ~&a. 67 

Okanolic acid + n-ara. + o-rha. 
Okanolic acid + 2 gk. + 2 ara. 68 
Ncntralgcnins(PrimulagcninsA,B,C, 69 

D, R, F, G) + acidii gcnins (Primula 
gcnins SG, SF, SD, SC). o-gk. + 
n-gal. + n-gal. UA + L-rha. 

plant Saponin Gcnins and sugars Ref. 

Albizzia amara 
A. anthebnintica 
A. odoratissima 

(from U.P., India) 
A. procera 

Avenu sativa 

Bacopa moaniera 

CeuteUa asiatica (Syn. 
Hydrocotyle asiatica) 
Indian variety 

(Ceylo== variW) 

Cyclameu euroZureum 

Elvira b&‘ora 

Amorph. 
Musennin 
odoratissimin 

mp. 227-g” 

m.p. 156-g 
Avcnacin 

Mo8lllicrin 
Bacosides A, B 
Bmhmosidc 
-Odds 

Thankuniside 
Indoccntallosi~ 
Ccntcllosidet 

Cyclamin 
m.p. 254” d 

Amorph. 

E&&cystic acid + neutral gcnin 
Echiaocystic acid+ogk.+3 GBTB. ;: 
Ecbinocysticacid+glc.+arab.+rba.+ 72 

Wl. 
Macbaekic acid+ctbyl macbacrinate+ 73 

D-gk.+ara.+D-xyl.$D&a. 
Avanagcnin f O-monomcthylamino 74 

bcnzoic acid+2 gk.+ pcntosc 
Glc.+ara.+gcnin 
Gk.+ara.+bacogcnins Ar, Ar, A3, Aq ;: 
Brahmic acid + glc. + ara. + rha. 29,77,77a 
Brabmic acid + 2 gk. + ara. + rba. 
Thankunic acid* + 2 gk. + rha. 78 
Indoccntoic* acid 79 
Ccntcllk acid (isomer of ccntoic acid)+ 80 

10 glu.+2 fro. 
Cyclamirctins A, B, C, D + 3 gk. +n-xyl. 81 

-i-L-ala. 
E!&inocysticacid+gal.+xyl.+ara.+ 82 

rha. 

* Structures not assign& 
t Saponms not isolated. 

67 A. YA. Krrom.m et al., DokI. Akad. Nauk SSSR W, 619 (1964); Chem. Abstr. 60,15964 (1964). 
es T. KONW, M. SWro et al., Nipwn Mokuzai Gakkaisht 9,125 (1963); Chem. Abstr. 60,2273 (1964). 
69 R. Tscnmcrm and F. ZIEGLER, Auu. CZtem. 674,185 (1964). 
‘OI.P.VAnsHNEy and K. M. SHAWHU~DIN, J. Sci. Zmf. Res. (Znda) 21B, 347 (1962). 
71 R. TWXEXHE and D. FOR-AXIHANN, Chem. Ber. 90,2383 (1957). 
72 I. P. v ARSHNEY and M. S. Y. KHAN, J. Sci. Znd. Res. (India) ZlB, 30 (1962). 
73 I. P. v- et al., Arch. Pbarm. 292, 57 (1959); Zdem, Current Sci. (Ida) 27,489 (1958); A. K. ROY 

et aZ., Sci. Cult. 29,161 (1963). 
‘~~.V.MA~~EL,H.J.B~RKI~~D randM.K.Mrwisi~~, Biochemistry 3,424,426 (1964). 
75 T. Dw-~A and U. P. mu, Znukzn J. Chem. 1,408 (1963). 
76 R. P. R-1 et al., Zndicur.I. Gem. 1,212 (1963); Ibid. 3,24 (1965). 
77 R. P. RAsnx;~ and M. L. DHAR, Zudiuu J. Chem. 1,267 (1963). 
77’ Unpublished work of the authors. 
7s U. P. BAW and T. DUT~A, .Z. Sci. Znd Res. (India) 2lB, 239 (1962). 
79 S. C. BHAT~ACHA~YA,.Z. Z&au Chem. Sot. 33,893 (1956). 
80 S. C. BHAT~ACEWRYA, .Z. Indian Ckem. Sot. 33,579,63O (1956). 
81 D. H. R. BARTON et al., J. Ckem. Sot. 5176 (1962); R. T.WHEXW et al., Ann. Gem. 680,107 (1964). 
=M.M.-andS.0.A NDBADE, J. Pharm. Sci. SO. 780 (1961). 
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-aImninA, R, 

N 

; 2-o& R-H; SCH&H 

2% co. 

-&ddcA, R, 
(quhrovin) ; 

H 
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SECTION B-continued 

Plant Saponin Genins and sugars Ref. 

Glinus btoides 
Gratiola o#%naIis 

Hedera helix 

Helianthas annas 
Leontice leontopetalum 
Lufa echinata 
L. graveolens 
Medicago sativa (alfalfa) 
Mora excelsa 
Patrinia intermedia 

Panax ginseng 

Polygala senega 
Phaseolus radiates 

m.p. 248” 
Gratioside 

m.p. 268-74” 
Hederacoside A 
Hederacosides B, C 
Amorph. 
Cryst. m.p. 236” 
Amorph. 
Amorph. 
Cryst. m.p. 255” 
Amorph 
Patrinin 
Patrinosides A, B, 

C, D 
Patrizid A 

mp. 229” 
Ginsenosides Rx 

X=a,b,c,d,e,f, 
g-l, g-2, g-3 end h 

Ginsenosides R, 
X= b, c, d, e, f, 

Ginesenoside R,_ 1 
Senegin 
Cryst. m.p. 215” d 

Phytolacca americana Phytolacca toxin 
Sapindus laurifiliscs Amorph. m.p. 145’ 

Okanohc acid 
Gratiogenin + 2 glc. 

Hederagenin + D-glc. + L-ara. 

Echinocystic acid 
Hederagenin + glc. + ara. 
Oleanolic acid + glc. + rha. 
Oleanolic acid + glc. + ara. + rha. 
Medicagenic acid + D&C. 
Morolic acid + glc. + ara. 
Sapogenin+ fru. + pentosc 
Olesnolic acid + glc. + xyl. 

Oleanolic acid +glc. + xyl. 

Protopanaxadiol + Pansxadiol 

Panaxatriol 
Senegenint: 
Soyasapogenol c +glc. + rha. + ara. + 

glc. UA 
Phytolsccagenin+ glc. + xyl. 
Hederagenin 

85 

86 

881 
89 
90 
91 
92 
93 

94 

95 

96 

;; 

99 
100 

$ Chlorine incorporated in the molecule during hydrolysis. 
83 V. M. SUKKAWALA and P. J. MEHTA, ZndianJ. Chem. 2,102 (1964). 
84 R. Tscm and A. HEESCH, C/rem. Ber. l&l067 (1952); R. TSCHESME et al., Ann. Chem. 674,196 (1964). 
*s J. J. SCHEIDEOGEI~ end E. CHARBULIEZ, He/v. Chim. Acta 38, 547 (1955); R. TS~HESCHJZ and G. WULFF, 

Planta Med. 12,279 (1964). 
sb W. JACH~MCZYK and Z. KASPRZYK, Rocsniki Chem. 36,1615 (1962); Chem. Abstr. 59.10137 (1963). 
87 J. McSus.r;~~~ry et aI., J. Pharm. Pharmacol. 8,1117 (1956). 
s* D. S. BHAK~NI et al,, J. Sci. Znd. Res. (India) U)B, 556 (1961). 
*s S. L. !%I-IGAL et al., ibid. 2OB, 461 (1961). 
90 R. J. Momus, J. Org. Chem. 26,1241 (1961); Zdem. ibid. 30,166 (1965); DJERA~~I et al., J. Am. Chem. Sot. 

79, 5292 (1957). 
91 D. H. R. BARTON and C. J. W. BROOKS, J. Chem. Sot. 257 (1951); R. H. FARMER and CAMPBELL W. G., 

Nature 165,237 (1950). 
92 A. M. SOKOL’SKAYA, Zh. Obshch. Khim. 21,959 (1951); Chem. Abstr. 45,9139 (1951). 
93 N. A. SEROVA and L. M. UTKIW, Zh. Obsch. aim. 29,336 (1959); Chem. Abstr. 53,22071(1959); A. YA. 

KHORLIN and V. M. IVANOVA. Aptechn. De/o 12,31 (1963); Chem. dbstr. 61, 11001 (1964); Chem. Abstr. 
62,9458 (1965). 

94 A. V. MATVEEVA and N. K. ABUBAKIROV, Uzbek&. Khim. Zh. 8,43 (1964); Chem. Abstr. 62,812O (1965). 
g5 S. SHIBATA et al., Yakagaku Zasshi 82, 1634 (1962); Chem. Abstr. 59, 1710 (1963): Idem, Chem. Pharm. 

Bull. (Tokyo) 11,759,762 (1963); Idem, Tetrahedron Letters 795 (1963); Ibid. 2291 (1964). 
96 S. SH~ATA et al., TetrahedronLetters 207 (1965). 
97 R. C~om, Pharm. T@!whr. Belg. 31, 25 (1954); P. DEMAYO et al., Can. J. Chcm. 42.491 (1964); Idem, 

Tetrahedron Letters 2567 (1964); Zdem, Proc. Chem. Sot. 264 (1964); M. FUJ~~A and H. ITOKAWA, Chem. 
Pharm. Bull. (Tokyo) 9,1006 (1961); Chem. Abstr. s7,2286 (1962). 

9s N. TOYA and S. ISBDA, Nippon Nogei Kagaku Kaishi38,273 (1964); Chem. Abstr. 62.16359 (l%s). 
gg G. H. STOUT at al., J. Am. Chem. Sot. 86,957 (1964). 

100 H. G. BISWAS, J. Indian Chem. Sot. 25, 151 (1948). 
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Ref. 

AcacJa concblna 
Acbyranthes aspera 
A. bikntata 
A&&da I&da 

Atriplex canescens 
Zhrrtngtonia racemo8a 

AlEO&. 
- 

Amorph. 
m.p. 212-14Q 

- 

m* - 
AlUO@l. 

Ge~ins aad sum Ref. 

Acacic acid 103 
Oleanolic acid + glc. + gal. -I- xyl. -I- rha. 104 
Oleanolic acid 105 
E&nocystic acid+mMml gktiu+ 106 

okanolic acid 
Olcauolic acid+cchiic scid 1wii 

Acack acid I@&, 103 
Albig& sid+oleanalk: acid+ l#C 

lO7d 

I-bhmgaiR+Blc, 108 

Oleanolic acid 109 

1~ F. S. SpRlpJo et rrf., Eetr&e&w 411 I (1958). 
x02 L. R. Row stnd G_ S. R. SUEBA Rw, J. Zndian Ckenr. Sot. 39-89 (i%2). 
103 I. P. v- Y and K. pfi. Swwm$ Tetraktkm Lettere 2055 (1964). 
w R GQPALACHARI and M. I., DHAR, J. Sci. Znd. Rcs. (Zndkz) 17B, 276 (1958). 
IOJ J. GEDEON and F. A. Kwx, At&. Phurtn. 289,162 (1956). 
HM S. K. CHAKLWXTI et al., Sci. Cult. 28,385 (1962); S. K. CHA wm and A. K. ROY, Tram. Bose Res. 

Inst. (Cahtta) 25,69 (1962); Cttem. Ah@. 59,156Ol (1963). 
1078 M. 0. FAIUXXJ and I. P. VA-Y, ZZuZl~ $0~. Chim, (Zknce) 301 (1953); CH. SANNIE et al., Bull. Sot. 

Chirn. (France) 1440 (1957). 
1~~ I. P. vAR$HNBy et al., Zhdkan J. Phurm. 23,331 (1961). 
lof@ A. K. I&WA and S. P. RAPAAN, Tetmkhm ?,I9 (1959); Zdem, Sci. i&h. 23,435 (1958). 
XWQ 1. P, vARsm+lE Y alld Ivl. s. Y. Kxus, J. Pkwl. sci. so, 923 (l%l). 
108 ‘I’. KO~AMA et al., lbnamta Pharm. B&l. No. I,49 (1954); laBem, ati. NO. 2,66 (1955); C&em. Abstrl 

so, 8142 (1956). 
169 E, C. Now and 0. R VAN AT@,, &rest Scs. 5,350 (196@); Ckm. &tr. B> 6623 (l%l). 
lss R. ~~~ a&K. S. I& Pnuu, J. Chem. &es 4369 (19%& 
WBJ Y. T. Iw et at., J. Ctukse Gem, SW. (Rdwan~ 4,77 (1957); Ckem. Abstr. s3,141t2 (1939). 
1100 A. K. BARun et at., J. Pharm. SC& 50,937 (1961); Zdem, Tetrszhe&m lPs 1727 (1963); Z&m, #id. 21.381 

111 gT’& TetM Letters 165X(1963) 
Ita ~.‘~,~knuzie 6,547 (1951); Gem. ibsrr. 46,4732 (1952). 
113 K. I~WATARI et al., J. Pharm. Sot. (Jqpun) 64,34 (1944); Chem. htr. &,3562 (1951). 
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SecnON c-continued 

plant Crude saponins Genins and sugars 
-. 

Ref. 
- 

Diospyros peregrina 
Lotus coniculatus 
Luffa aegyptica 
Mimusops keckeii 
Prunella vulgaris 
P. gradflora I 
Raida dwnetorum 
Saponarka vaccaria 

Polygata paenea 
Sesbamia aculeata 
Skieroxykwz tomentosum 
Styphomdedron coriaceutn 
Trifolium repens 

Zizypus xylopyrus 

Amorph. 
- 
- 
Amorph. 

Amorph. 
Vaccaroside 

m.p. 204” d 
- 

Amorph. 
- 
m.p. 225” 

Oleanolic acid + glc. 114 
Soyasapogenol B 115 
Oleanolic acid + neutral genin 116a 
Bassic acid + glc. + r-rha. + D-xyl. 116b 

Oleanolic acid 117 

Oleanolic acid + glc. + fiu. + xyl. + glc. UA 118 
Gypsogenin+ glc. 119 

Polygalacic acid 119a 
Oleanolic acid + neutral genin 120 
Gypsogenin 105 
Sapogenins B and F 121 
Soyasapogenols A, B, C+glc.+gal.+ 122 

xyl. -t rha. 
Oleanolic acid 123 

Plant Work done Ref. 

Ascwb~s turbbuzta Amorph. saponin (J apoaes&)+2 glc. Ua+xyl.+tiglic acrd 124 
+ japoesc&nin (hydroxy-escigenin) 

Albizzia &thifoiia Amorph. saponin +acidgenin+rha.+ara.+gk. Ua 
A. gummifera Albitocin. amorph., m.p. 220-25” + glc. + am. + xyl. + :z 

rha. + acid genin, C+sO5 
A. procera (Maharashtra, India) Pure saponin + Proceric acid 127 
Armbasis articuiata Pure Saponins, A, B, C, D, --f genins A, B, C. D, +glc. + 128 

gk. UA (sugars identical in each case) 
Saponin B + anabasic acid glucuronate + numerOus fission 

products 
- - 

114 R. D. Trwm and R. K. GUPTA, Proc. Nat1 Acad. Sci. In& 34,180 (1964). 
11s E. D. WAL,TBR,J. Pkarm. Sci. SO, 173 (1961). 
rr* I. P. vn and M. s. Y. KHAN, J. Sci. znd. Z?es (Ida) 19B, 507 (1960). 
rrdb F. E. KING et d.,J. Chem. Sot. 1338 (1955); T. J. KING, and J. P. YABDLEY, Proc. Chem. Sot. 393 (1959); 

A. W. mrroorq Hol&wschuqg 9,112 (1955); Chem. Abstr. 49,13646 (1955). 
117 J. SENDRA, Dissertationes Pharm. 15,333 (1963); Cbem. Abstr. 61,6042 (1964). 
l’s I. P. VARSFINEY and CH. FANNIE, Compt. Rend. 242,2393 (1956). 
119 N. K. Asua~~raov and K. AMANMKJIULXBV, Zb. Ubshck. Khbn. 34, 1661 (1964); Chem. Abstr. 61, 8564 

(1964). 
rrr~~ J. SEILGMANN-R~N~E~T and J. P~L~N~KY, BuIl. Sot. Chim. France 1253 (1963); Z&m, Compt. rend. 254, 

1298 (1962). 
‘20 I. P. VAasHNxY and M. S. Y. &UN, J. Sci. Znd. Res. (Ida) ZlB, 401 (1962). 
121 C. Drxw et al., J. Org. Chem. 28,239O (1963). 
122 E. D. WALTER et al., J. Am. Chem. Sot. 77,4936 (1955). 
‘23 S. RAJADURAI and Y. M. TnaaEa4, Leader Sci. India 10,222 (1963). 
124 S. TOBINAGA and T. I<ARIyoNE, Yakugaku Zasshi78,531,534 (1958); Chem. Abstr. 52,13683 (1958). 
125 L. N. PRBTA et al., Garcia Orta lo,93 (1962); Ckem. Abstr. 61,12326 (1964). 
126 A. LIPTON, J. Pbarm. Pharmacol. 15,816 (1%3). 
127 I. P. v ARSHNEY and S. Y. KHAN, J. Pbarm. Sci. 53,1532 (1964). 
12s F. SANDBERO et al., Lloydia25,142 (1962); Chem. Abstr. !B, 7134 (1963); F. SANDBERQ and A. F. SHALABY, 

Svensk Farm. Tidekr. 64,677 (1960); Chem. Abstr. 55,2817 (1961); F. SANDBERG, Pakisrmr J. Sci. Znd &s. 
4,258 (1961). 
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Plant Work done Ref. 

Anemone chinensis Glc. + rba. + an unidentitied sugar + anemosapogenin 
(Pentacyclic, 2-CI-IOI-L 1 hindered COOH, 
nonhydrogenable A). 

129 

Anemone nemorosa Amorph. saponin + genin, CseH4s04+glc. + rha. + ax-a. 130 
Blighia unijugata Amorph. Saponin + genin, Ci&I~Oz+ara.+rha. 131 
Breakmeyera jloribunda Brademolic acid, CssH&& (l-COOH, 2_OH)+tenuifolic 132 

Bupkurum fdcatum 
Cestrum diurnum 
Caccinia glauca 
Cahieontum m&s 
Camellia japonica 

acid (2-OH, 2-COOH) + glc. 
Saponin 
Cryst. saponin, mp. 269” + genin, mo. 204” 
Amorph. saponin, m.p. 230-50” d 
Saponin + glc. 

133 
134 
135 
136 
137 

Coroaillus emerus 

Saponin, m.p. 206” -+ Camellia sapogenol, CsoHro04+ 
am. + gal. + glc. + uranic acid+ tiglic acid. 

Neutral saponin + xyl. + sapogenin 
Acidic saponin + xyl.+ gal. UA+ genin. 
Saponinii acid + gal. UA+ resinous genin 
Saponin, m.p. 240-8’ d 
Two sapogenins 

138 

Cyclamen ekgans 
Doryanthes palmeri 
Zzntada scamkns Saponin A, m.p. 116” and saponin B, m.p. 150” --t genin, 

m.p. 306” (entagenic acid)+glc.+gal.+xyl.+ara. 
Saponin + entagenic acid 
Eupteleosides A and B + eupteleogenin 
Amorph. saponin + pennogenin+ isochiipagenin + 

hClOlliOgtXlil3 

139 
140 
141 

E. pursaetha 
Eyatelea polyar&a 
Heloniopsis orientalis 

142 
143 
144 

Hepatica triloba (syn : Anemone 
Z&parka) 

Herniaria hirsuta, H. glabra 

Hepatisaponin, m.p. 225” --f am. + tryst. prosapogenin + 
hepatigenin+glc. 

20% neutral+60% acidii saponins --t two genins, m.p. 310” 

Hjxirocotyle vulgar& 
Leonurus quinquelobatus 
Mahonia pubescens 

and m.p. 343” 
Saponins A, Al, B and S4 
!Q@onin,pure 
Amorph. saponin 

145 

146 

147 
148 
149 

129 W. HUANQ et al., Hua Hsueh HsuehPao 28,126 (1962); Chem. Abstr. 59,1692 (1%3). 
1% A. BIENPAIT, Bull. Om’re Pharmactens 15,167 (l%O); Chem. Abstr. 61,46% (1964). 
13l A. BIBNF~, J. Pharm. Belg. 16,226 (1961); Chem. Abstr. 6l,3414 (1%4). 
132 R. TXHFXHE and A. K. %SWPTA, Chem. Ber. 93,1903 (l%(l). 
133 T. H. TANO and C. C. m, .Z. Pharm. Sot. China 1,17 (1943). 
134 R N. CHAKRAVARTV and S. Durr~, Bull. Calcutta School Trop. Med. 9,16 (l%l); Chem. Abstr. 55,18885 

(1961). 
135 M. R. Pmmmrnv and T. R. SESHADRI, Zn&m.Z. Chem. 2,130 (1%4). 
134 V. Kw~, Arch. Pharm. 291,209, (1958); Chem. Abstr. 53,1630, (1959). 
137 M. I~HIDATE and K. T-, .7. Phurm. Sot. (J$un) 73,347 (1953); Chem. Abstr. 48,274O (1954). 
138 J. M. G. MAIQUINA and R. R. Froun~, Farmacognosia (Mad&) l&49 (1952); Chem. Abstr. 47,10546 

(1953). 
13s I. T. T~ov, Ref. Zh. Bid. Khim. 1964, Abstr. No. 9P633; ckem. Abstr. 61,11009 (1964). 
340 W. J. DUNSTAN and J. J. Smm, Australian J. Sci. W, 50 (1950). 
141 J. GELXoN, Arch. Pharm. 287,131 (1954); Chem. Abstr. 48,11004 (1954); N. L. DU’ITA, J. Sci. Znd. Res. 

(Zrufta) WB, 194 (1956). 
14~ A. K. BARIJA et al., Sci. Cult. 20,199 (1954). 
143 M. GOTO, S. ~KA et al., Chem. Pharm. Bull. (Tokyo) 12,516,1964. 
144 F. YASUDA et al., Shtonogi Keuhyusho Nempo 14,202 (1964); Chem. Abstr. 62,4252 (1%5). 
16 J. M. G. MACQU~NA and M. G. VIUA, Farmacognosta (Ma&td)7,103 (1948); Chem. Abstr. 43,2736 (1949). 
16 S. Czvwws~~, Biul. Inst. Rosltn Leczniczych 6,192 (l%O); Chem. Abstr. 55,7567 (l%l). 
147 Cm. J. K. Mmrc, J. Pharm. Pharmacol. 8,1155 (1958). 
148 L. M. KOZUWA, Aptechn. De10 l&33 (1964); Chem. Abstr. 62,306O (1965). 
i~H.l’osoroandC.Fnmuua~, An& Fat. Farm. odwrtol. Unk. Sao Paul0 7,361 (1949); Chem. Abstr. 44, 

10812 (1950). 
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SECTION D-continued 

Plant Work done Ref. 
- ___- -- _--_- - 

Molbtgo nudicaalis Cry& saponin A, m.p. 269” + genin, CsoHroOs + glc. + 
lhLl.+gal. 

150 

Mollago spergula Amorph. saponin + spergulagenin, C~,+Ise04 151 
Pachyrrhizas erosus 2 amorph. saponins -+ tryst. pachympogenin A. C30HsP~, 152 

Pithecolobiam duke 
PoIygaIa m&r 

m.p. 196”, and pachysapogenin B, C23HtsO7, m.p. 176” 
Saponin, mp. 175-81” + Pithecogenin, Gs&Oa, m.p. 207” 
Pure ssponin + sapogenin, Cr7H4aOs, m.p. 208’+ o-glc. + 

153 
154 

~-era. + L-rha. 
Primula v&ark Pure saponin, m.p. 233” + 2 genins+3 glc.+rha.+gal. 155 
Silene brahuica Saponin, mp. 104-6” (from roots); saponin, m.p. 208-10” 156 

(from stem) 
Sophora japonica 

Solidago -is 
Styrax lapcnica 

S. 0ficinaIis 

Ssponin m.p. 210-20” + betulin + sophoradiol Cr~HsoOr, 
m.p. 219”+glc.+glc. UA+glucurono-lactone 

Amorph. saponin + sapogenin, C~Hs00s, mp. 310-15” 
jegosaponin + jesosapogenol, C30H.5005, probably 

/3-amyradienc with axial OH at Crs 
Cryst. saponin, mp. 242” --f bemzoic acid. + glc. + gel. + 

rha. + glc. UA + genin, Cr7H440r (not steroidal, probably 
new type) 

157 

158 
159 

160 

Swartzia maakgascariensk 

Trifoieum fragifffam 

Tkymrs v&ark 

Xanthocephabun spp. (Broom 
weed) 

Pure seponins A and B + Swsrtziagenin, C30H4s04+ glc. + 
xyl. + rhE. + gk. UA 

Cryst. saponin mixture -+ soyasapogenols B and Cfa 
sapogenin, m.p. 227” 

Acidic saponin (thymunic acid), m.p. 198” + thymuninic 
acid + reducing sugars. 

Neutral ssponin (thymusaponin), m.p. 232” 4 thymu- 
sapogenin+reducing sugars 

Amorph. saponins + genin, m.p. 305-7” 

161 

162 

143,163 

164 

SECTION E. SApoMNs WeRE NOT ISOLATED BUT TIiB PUBIFIBD PLANT JIXTBACTS WEBB DIRECTLY HYDROLYSED 
FoE THE IDENTIFICATION OF THE GENINS 

PIrim Genin Ref. 
- .- __._ __ _.____ _ __. _ __-------.-- -- - 

Giant cactii (subtribe-Cereanae) 
(i) Lemakowrws spp. Oleenohc acid, erythrodiol, betulinic acid, longispinogenin, 165 

chichipegenin, ste&togenin, thurberogenin, oxyallobetulin. 
treleasegenic acid, quemtztroic acid, dumort&genin 

__ _._- _--..- -_ 

‘50 M. A. Sos~, Compt. Rend. 248.2243 (1959). 
151 A. K. BARUA end P. Cn~rot~~o~n, In&n J. Gem. 2,339 (1964). 
152 R. F. SHANOR~W end E. V. LYNPI, J. Am. Pharm. Assoc. 44,38 (1955). 
l53 S. K. NIGAM, R. K. GuE-~A End C. R. Mnn~, J. Pharm. Sci. 52,459 (1963). 
154 A. Bo~crimov end D. PANOVA, Farmatsiya (Sofia) 12,19 (1962); Chem. Abstr. 57,13887 (1962). 
156 S. H. M IIULIINAC and F. BENZINOEE, Sci. Pharm. 30,3 (1962); C/rem. Abstr. 57.12632 (1962). 
157 A. M. !%KOL’(LICAYA End A. MA~ZUMOV, Uch. Zgp. Kazakhsk. Univ. 44,99 (1958); Chem. Abstr. 55,12555 

(1961). 
158 R. C. B~EEELL End F. G. Ho~J~I~N, J. Am. Chem. Sot. 70,862 (1948). 
159 T. N S. I- et al., J. Pharm. Sot. (Japan) 76, 1210 (1956); Chem. Abstr. 51, 3513 (1957). 
160 S. TOBMAOA, YakagakuZasshi 78,526 (1958); Gem. Abstr. 52,13682 (1958). 
161 D. V. i%rrsor-LEE et al.. Tetrahedron Letters 527 (1964). 
162 F. SAmEEruz, Pakistan J. Sri. Znd. Res. 4,258 (1961). 
163 E. D. WAL~EE, J. Am. Pharm. Assoc. Sci. Ed 49,735 (1960). 
164 M. G. MARQUINA and M. G. VILLA, Farmacognosik (Ma&d)9,261(1949); Chem. Abstr. 44,5539 (1950). 
165 T. N. SHAVER et al.. Ann. N. Y. Acad. Sci. 111,737 (1964); Chem. Abstr. 61,604O (1964). 
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(ii) Mochaerocereus spp. 

(iii) Mjvtillococtus spp. 

Hekabravoa chende 
iuimu.wps g&-Ma (Syn: 

Mallilkara bidentata) 
Pittosporum urn&datum 
ZWosporum phillyraeoides 
cucurbitaceaeplants: 

wronh spp., 
Citrullus spp., 
Cucur&ita spp., 
cot* spp., 
EcboZlium ekzterium, 

Genin 

me_* machaek acid, ma&wink acid, bctulinic acid, 

&chalk acid, chichipege-nk, myrtillogenic acid, oleanolic acid, 
stella@@ll 

Okanolic acid+ Oleanolic aldchyde 
Bassic acid+glc.+rha.+xyl. 

A+rrigenol+ Pittosapogenin, C~oH~O~ 
Pittosapogenin + Phillyrigcnin, CmH4804 

Cucurbitacins 
A,BB,C,D,E,F,I,J,KL 

Ref. 

166 

167 

168 
169 

170 
171 

171a 

Echillocystis spp., 
Z@onium mackenii, etc. J 

Lk$a opercuhrta 171b 

5. BIOLOGICAL ACTIONS AND USES 

The wide occurrence of saponins in nature has evoked considerable interest in their use 
and considerable data has accumulated concerning their physiological action and other 

Properties- 171c Saponins, in general, lower surface tension and possess emulsifying properties. 
They tend to alter the permeability of the cell-wall and, therefore, exert a general toxicity on all 
organised tissues. Their hemolytic and antilipemic activities and capacity to lower the serum 
cholesterol levels can be considered to be their important characteristics. 

Saponins produce hemolysis in very dilute solutions but amongst them there is a very 
great variation in their hemolytic activity. 171d An attempt has been made to correlate the 
physical, chemical and biological properties of GypsophiZa (I), Saponaria (II), QuilZaja (III) 
saponins and quillaja acid (IV); foam number, reduction in surface tension of liquids, hem- 
olytic activity and LDsO in rats were found to diminish in the order I, II, IV and III, but some 
other properties could not be correlated. 172 The saponins of Gypsophila and Saponaria, 
when administered subcutaneously in subhemolytic doses, cause an intense stress reaction 

166 C. DJEUSSI et al., J. Am. Chem. Sot. 7!!,2254 (1953); Ibid. 76,2969, 4089 (1954); Zbti 77, 1200 (1955); 
Z&f. T%, 2312,3534,3783,5685 (1956); Ibiki. 79,4468 (1957); Ibid. 841236 (1958); Z&m, Ckm. Znd, 1520 

1.~1 ‘d~~ka,us~ et al., J. Am. Chem. Sot. 76,4089 (1954); Ibid. 77, 1825 (1955); Z&m, Chem. Znd. 161,960 
(1954). 

168 C. D- et al., J. Am. Chem. Sot. 77,3579 (1955); Z&m, Chem. Znd. 1354 (1954), Zdem, J. Am. Chem. 
sot. 79,2901(1957). 

169 M. SHAMMA and P. D. D J. Org. Chem. 24,726 (1959). 
la W. COCKBR and S. J. SHAW, J. C&em. Sot. 677 (1963). 
170 A. R IL COLE, et al., Chem. Znd. 254 (1955). 
171 A. R. H. COLB et al. Alsstralirm J. Chem. 9,428 (1956). 
171~ P. R. Em et al., J. Sci. Fi Agr. 7,131(1956); Ibid. 8,673,679 (1957); Zdem, J. Chem. Sot. 3828,4275 

(1963); Ibid. 529 (1964); D. LAVIB et al., Phytochem. 3,51(1964). 
l’llb C. Dm et al., J. Am. Chem. Sot. 78,2312 (1956). 
1710 G. VOQEL, Phmta Med 11,362 (1963). 
1714 R. TSQIHSCA~ and G. WULFF. Planta Med. 12,284 (1964). 
172 L, VACEK et al., Gumna J. Med. Sd. 11,1(1%2); Chem. A&r. S&3813 (1963). 
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accompanied by a greatly increased excretion of the neutral, reducing lipids and a lesser 
increase of the 17-ketosteroids. 173 They cause a significant decrease in the ascorbic acid 
content of the adrenals.174 It has been demonstrated that individual erythrocytes differ in 
resistance to lysis by individual saponins and their statistical distribution has been reported to 
be different in a normal cell population. 175 It is likely that different saponins may produce 
quite different structural alterations in cell-membrane lipids which in fact has been 
indicated by recent electron micrographs, 176 but the exact relation of these structural changes 
to hemolysis remains to be elucidated. When normal organs of rat and slices of fibrosarcosoma 
were placed in saponin solution, changes in nuclei were observed leading to their frag- 
mentation and complete disruption. There was no indication of a differential behaviour 
towards the normal and neoplastic cell~.*~~ 

The elevation of cholesterol lipid P ratio of serum which was obtained in rats by cholesterol, 
lard or cotton seed oil feeding, was prevented by saponins. Saponins also prevented the rise 
of lipids in serum and liver.178 Similar results were obtained on chicks fed on a diet containing 
O-6 per cent saponins. It is suggested that complexing of saponin with cholesterol found 
(either by ingestion or by secretion) in the intestinal lumen makes less cholesterol available for 
reabsorption.179 However, no correlation between hemolytic activity and cholesterol deple- 
tion has been found. 

Alteration in the structure of the natural saponins by sulphonation with cholorosulphonic 
acid or oleum with a view to obtain physiologically active products has also been tried.isO 
The antilipemic, anticoagulant and antiproteolytic activities of various saponins (Prim&z, 
Gypsophila, etc.) and their sulphonated products have been compared with heparin and other 
antiheparinoids.18’ It was observed that the antilipcmic activity of these products varied 
from 10 to 70 per cent of heparin and that these were weak anticoagulants.ls2 The data tend 
to confirm the hypothesis of non-specificity of antilipemic action and its independence of the 
anticoagulant activity. 

General pharmacological behaviour of saponins has been studied in various 
animals.180* ls3 The effects of ingested saponins of alfalfa on cardiovascular, central nervous 
systems and various parts of the digestive tract have been studicd.184 

Aralosides A, B and C caused increase in motor activity (stimulation) at 5-10 mg/kg and 
depression at 20-100 mg/kg for 30-40 min in mice. ls3 A saponin which is a respiratory 
inhibitor has been isolated from alfalfa. ls5 Another saponin which inhibited hyaluronidase 
edema in intact rats subcutaneously or orally has been reported and the curative effect was 

173 K. JAKUBIK~VA et al., Arzneimittel-Forsch. 10,956 (1960). 
174 L. VACEK and V. KOZLIK, Arzneimittel-Forsch. 11,325 (1961). 
175 E. PONDER and R. T. fhx, J. Gen. Physiol. 35,595 (1952). 
176 R. R. DOUIMASKHIN et al.. Nature 1941116 (1962); A. D. BANGHAM and R. W. HOUNE, ibid. l%, 952 

(1962). 
177 J. BUTROS, Cancer Res. 8,221 (1948). 
178 E. B. W&ox and L. S. C?~ALL&AY; Am. J. CIin. Nutr. 9,236 (1961). 
179 H. A. I. NEWMAN et al., Poultry Sci. 37,42 (1958); Chem. Abstr. 53,517 (1959). 
180 Z. ROUBAL et al., Czechoslovak 93204; Chem. Abstr. 54,23207 (1960). 
1812. ROUBAL et al., Pharmacotherapeutica Collect. Papers Anniversary Res. Inst. Pharm. B&kern. 10th 

Prague, 143 (1960): Chem. Abstr. 56.5348 (1962): J. KYNEL and L. VACEK. Arzneimittel-Forsch. 10. 957 
(1960): . 

182 V. MANSFELD et al., Experbnentia 13,190 (1957). 
183 S. YA. SOKOLQV, Lekarstv. S&tvais. Rast 270 (1962); Gem. Abstr. S&4946 (1963). 
Is4 R. W. DOUO~TY and I. LINDAHL, Rept. N. Y. State Vet. Cofl., Cornell Univ., 21(1956-57); Gem. Abstr. 

S&l6615 (1958). 
185 R. A. SHAW and H. D. JACKSON, Arch. Biochem. Biophys. 84,405 (1959). 
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seen even in adrenalectomised rats .la6 An oxytocic saponin has been reported from Aibizzia 
gummifea.1a7 

Although most saponins are poorly absorbed from alimentary tract it is apparently 
established that the administration of at least some of them simultaneously with drugs 
would increase the absorption of the latter from the intestines. There is a reported adjuvant 
effect of saponins on vaccine against foot and mouth disease (virus of types 4,O and c).is8 
However, the silent of saponins in therapeutics seems at present to be uucertain. 

Certain saponins exhibit specific properties. Some have been tried as insecticides and 
being non-toxic to human beings and animals, them can be used as powders, emulsion or in 
solution form.18g The in vitro anthelmintic effects of certain saponins were good, but these 
could not be used due to their marked irritation of the mucosa.lsa The saponin of Kalopanax 
has remarkable termiticidal action and is responsible for the termite resistance of the w~od.‘~l 
The saponin of Altripkx promotes germination of seeds at a concentration of O-1 per cent but 
acts as an inhibitor at the level of l-5 per cent. lg2 Pittosporum saponin depressed yeast 
proliferation.*g3 

The ability of saponins to reduce surface tension has been utilised in making emulsion 
stabilixers,lg4 and the results have been compared with fatty acid salts. Saponin of Ruscus 
adeatus has been shown to be useful as foaming agent or as a detetgent.fg5 Their wetting 
power and detergent action has been compared with commercial detergents and favorable 
results have been obtained.1g6 Their use as protective colloids in spray drying of powdered 
flavouring materials has been investigated and found to be equal to that of gum arabic.lg7 
Some saponins have been employed in beverages to produce a frothy effect. 

Finally, reference must be made to the saponins which have been evaluated clinically. 
Asiaticoside has been reported to have remarkable curative effect against leprosy,1g8 and 
glycyrrhixin (glycyrrhixic acid), the saponin of licorice root, has shown varied and interesting 
biological activity. Many patents have been taken on the preparation of glycyrrhixin as such 
or as its ammonium, sodium, potassium and cholchicine salts.lW Glycyrrhizin has been used 
in the treatment of gastric ulcers2w and dermatitiszol It reduces hypercholesteraemia202 

186 L. KLAUBUBAY et c&, Gzsqiis Lekaru C&y& 94,738 (1955); Ckem. A&T&. 49,16209, (1959. 
187 k -,J. Pkurni. Peace. 1J, 816 (1%3). 
‘W G. C~GLIARDI et al., Attt Sec. Ztd. Sci. Vet. 17,721 (1963); Chem. Abstr. t&l3696 (1965). 
189 Y. T. DE LA PRADE, Fr. &Went 977513; Chem. A&r. 47,403s (1953). 
190 K. JENTZXH et at., Arzneimittel-Fore&. II, 413 (l%l). 
191 T. Wet al., Nippon Mokuzai G&k&hi 9,125 (1963); Gem. Abstr. 60,2273 (19641. 
192 E. C. NORD and 0. R VAN ATCA, &rest Sci. 6,350 (1960). 
193 D. P. SNEWREV, Tr. Gas. Mkitsk. &tun. Suda 30,36 (1959); Chem. A&r. Ss, 5652 (1961). 
194 L. YA. KREMNEV, Tr. Leningr. Technol Znst. im. Lensoveta 40,77 (1957); Chem. Abstr. 5416109 (1960). 
'95 C. P. J. Roux and D. R. TOROWAN, Er. Patent 1377453; Ckem. Abstr. 62,1Q298 (1%5X 
196 I. S. UPPAL and R L. MEHTA, J. Sci. Znd. Res. (IN&U) lOB, 190 (1951); K. LMMBR, Se.fen-Oete-Fette- 

Wackse 73,61 (1947); Gem. Abstr. 44,3726 (1950). 
197 Y. BAN, Kogyo Ku&u Zazshi ii+1998 (1961); C&m. Abstr. 57,4771(1%2). 
198 F. S-, InModern Metho& of Pkmt Amzlysis (Edited by K, PAEXXI and M. V. ‘IBACBY), Vol. 3. p. 671. 

Springer, Berlin (1955). 
199 V. K. YATSYN and N. K. ABUBAKERUV, Me& Prom. SSSR 14,31 (1960); Chem. Abstr. sb,9459 (1961); 

S. Ho, J&p. Patent 15875; Gem. A&r. S&10815 (l%l); R. ZAN, Fr. Patent 12!B725; Che~~tr.~, 
14254 (1962); L. VOVAN, Fr. Putent M1340; &kern. A&r, 58, 2476 (1%3); A. I-hLPERN, U.S. P&W 
3076027; Ckem. Abstr. Ss, 1697 (1963); R. J. GILBBRT and K. C. JAMB, J. Pharm. Peril. 16, 394 

*~~?&IER, Ann h&d Mmcy 1 848 (1962). R DOL.L et al LmPcet 2 793 (1962). 
201& COLWJONE& k&ad. Med.;. 36, 678 (1960); P. ROV&I, Pitot&@ X3,98 (1%2); Gem. Ab.w. 

b,3715 (1963). 
a N. SHIEATA, Med. J. Osaku Univ. 12,297 (1961). 
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and its mineralocorticoid and glucocorticoidzo3 actions and anti-in&mmatory204 effects 
have been established beyond doubt. It shows hypertensive205 properties and detoxifying 
effects in mice poisoned with strychnine nitrate.“06 The metabolism *07 of the orally adminis- 
tered tritium labelled ammonium glycyrrhizate and glycyrrhetic Acid has been studied in rat 
as well as in human beings. 

~03 S. D. KRAUS, J. Exptl Mea? 106,415 (1957); I&m, ibid. 108,325 (1958); R. VW and E. b’NK0, Ann. 
Med. Exptl. Biol. Finn& (Helsinki)36,248 (1958); J. L. D. JWIENO and A. F. OvEJLRo, Farmacognosia 20, 
27 (1960). 

204 J. P. N. RAUDNITZ, Fr. Patent M16f55; Chem. Abstr.S8,13732 (~%~);E.E.ALI?sHINsKAYA~~ aI.,Farmacol. 
i Toksikol. 27,217 (1964); Chem. Abstr. 61,12506 (1964). 

20s R. J. GIRERD et al., Am. J. Physiol. 194, 241 (1958); P. CRIsToz, et al., Compt. Rend. Sot. Biol. 1!!7, 
2255 (1963). 

106 N. KUBOKI and K. HCSEIIZAKI, Sogo Z&u, 12,792 (1955); Chem. Abstr. S4,13440 (1960); Chem. Abstr. 
62,967l (1965). 

207 L. E. CARLAT et al., Proc. Sot. ILrptl Biol. Med. 102,245 (1959); D. V. PARKE et al., J. Pharm. Pbarmacol. 
IS, 500 (1963). 


