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Chemistry and Pharmacology of a Glycoside 
of VuZZuris solanaced 

By M. M. VOHRA, G. K. PATNAIK, R. S. KAPlL, and N. ANAND 

One of the glycosides of VaCCarissoCanacea has been identified as 0-acetyl-solanoside 
(0-:acetyl acofreosy1-digitoxigenin). It possesses potent cardiotonic activity. Its 
pharmacological properties have been compared with those of lanatoside C and 

digoxin. 

N A PREVI.OUS communication (1) i t  was re- I ported that the glycoside mixture obtained 
firom the leaves of Vaallaris solamcea Kuntze (N.O. 
il pocynaceae) possesses powerful digi tahl ike 
activily-. Two recent publications by Kaufinann 
et al. (2, a) ,  describing the isolation and cleter- 
niination of the structure oi six new glycosides 
from the seeds of V .  sohnacea, have proiiiptecl 
Lhc authors t.o report the ohseruation oi glyco- 
side B, one of the glycosides obtained from thc 
leaves. 

EXPERIMENTAL 

Chemistry 

Shade-driedl leaves of I/. solnri,n(-eii, collected from 
k::~shmir, India, were percolated with ethanol and 
thr percolate was concentrated to ahout ~mc-fi'tli 
ils voliinic. 'l'lic coiicciitratt. was diluted with ail 

cqiral volurirc { I f  tvzttcr :uid cstrxtcti with beiizcnc.. 

cutractetl witlL clilurulortii. The rcsiduc from tlic 
cliloroform extract was takeii up in chloroform and 
cliromatographcd on a colurnn of silica gel (E. 
hferck, fine gwdc), and the column developed wit11 
ctilorofortri cmtairiiiiR incrcasiiig propoi-tions of 
tnetliatiol wlicri thrcc major glycuside fractious A ,  B, 
and C were obtained. 0 1 1  thin-layer chromatug- 
rrrphy [Silica Isel G ;  solvent system, ethyl methyl 
ketone-cyclohexanc (1: l)] fractions A and C showed 

'l'llc XqLlClJ l l i  ~ > l l ~ l S c  W-ztS cOllcclltrated 271. Z'(L/-ZLO ull(l 
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up as two spots, while fraction B gave only one spot 
(spots detected by spraying with water). Prepara- 
tive thin-layer chromatography of fraction B 
[Silica Gel G;  solvent system, chloroforni-isopropyl 
alcohol (19: 1 j] gave glycoside B, which was crystal- 
lized from chloroform-hexaiic and ethanol-water 
mixture, 11i.p. 137-139" (Kofler block). The angle 
of rotation was [ L Y ] ~  - 16 (&2)  (c, 1 in methanol). 
The lionlogencity of the glycoside was established 
by thin-layer chrutnatography (Silica Gel G )  in four 
solvent systems: ethyl acetate; cliloroform-iso- 
propyl alcohol (19: 1); ethyl methyl kctone-cyclo- 
hcxanc (1: 1 j ;  benzcne mcthanol ( 3 :  1 j. 

-lnaZ.-Calcd. for C??Hd&: C, K6.6; H, 8.39. 
Found: C, 67.05; H. 8.73. 

Mannich hydrolysis of glycoside B gave  a single 
sugar which was identified as acofrrosc by paper 
chromatographic comparison with an authentic 
sample [solvent systems: inethyl ethyl ketone-n- 
hutanol ( I  : l)/boratv buffer; toluprie-n~butanol 
(1 : 1 )/w;ittr], wliilr Killiarii hyrimlysis yiddrrl 
(li~itoxigc.i~iii. 'l'lic li ir l l ly ii~iiipolar character o f  

tcd tlic. pos~it)ility o f  O I I C  of its 
liydro~yl groups kwiiig I,lockctl. Its 1.R.  absorptioii 
spectrum aiitl color reactions iiitlicatcd its itlciitity 
with O-acetyI-acofreo5ide u l  dixitoxigcniii (0 acctyl- 
solanosidc) (;$). 'l'his was confirmed by cornparisoil 
with an autlieiitic snmplc of 0-acetyl-solanoside 
usiiic: tliiii-layer clrr(Jill:ltoRrapliy :IS described above. 

4 :hiri-lnyi.u ~ ! l ~ ~ J l I l : ~ t O g ~ d p h i ~  coIIlpariSoli kindly 
carried uut by Reichstein of fractions A and C with 
the glycosides obtained from the seeds (2, 3),  showed 
that the xlycosides contained in the leaves are very 
similar to tliose present i i i  tlie sccds. 

Pharmacological Activity 
Materials and Methods.-A stuck solution of 

glycoside B colitaiiiing 500 rncg./rnl. was prepared 
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Muscle stimulated supramaximally (12 v., 30/min., 1 msec. 
duration). At arrow glycoside B (10 mcg./ml.) was added to the bath. Key: 1, normal amplitude of 
contraction; 2, typodynamic state; 3, otiset of improvement in the amplitude of contraction after 8 
min. of addition of glycoside €3; 4, complete restoration of the amplitude of contraction 40 tnin. after 
the addition of the glycoside; 5, decrease in the amplitude of contraction 60 min. after the addition. 

Fig. 1.-Isolated papillary muscle of cat. 
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Fig. 2.- Electrocardiographic changes in an ancs- 
thetized cat (3.2 Kg.) recorded on standard lead IT. 
Glycoside B was perfused (i.v.) a t  the rate of 20 
mcg./tnl./min. Key: 0 nil., normal record, siiius 
rhythm, T-wave upright, heart rate 210/min.; 30 
nil . ,  sinus rhythm, rcverted biphasic T-wavc, hrart 
rate l8O/niiu.; M) nil., irregular vctitricular extra 
systoles; 58 nil., veiitricular tacliycardia :ii111 fibril- 
latiort. N u i i i l ~ ~ i - s  UII t l i c  riglit siclc tlciivtc t l i e  per- 
ccirtage of 1 i:iiclicr t l c w  against voluiiic pcrfusetl 
sliowii oii tlic left siclc. 

by dissolving 10 mg. iii 1 ml. of 909; alcohol arid 
diluting with 19 ml. of normal saline. Further dilu- 
tions were made as required just before the cxperi- 
ment. 

Cardiotonic Activity.-Direct proof of the cardio- 
tonic activity of glycoside B was obtained by ( a )  
perfusing the frog heart (Kana tigrina) through the 
inferior vcna cava, ( b )  perfusing isolated hypo- 
dynamic guinea pig heart, prepared according to the 
method of Vick and Kehn (4), and (c) studying its 

action on thc hypodynamic papillary muscle of cats 
( 5 ) .  

Indircct evidence of the cardiotonic activity of the 
glycoside was obtained by ( a )  recording electro- 
cardiographic (ECG) changes on standard lead I1 
in anesthetized cats following continuous perfusion, 
as well as after single 10-5070 of Hatcher dose 
(HD), ( b )  studying its effects on guinea pig or rabbit 
ileum in vitro and on intestinal movements of 
anesthetized cats. 

Intensity of Biological Activity.-This was detcr- 
mined in chloralosed cats (80 mg./Kg. i.v.) by in- 
fusing contiiiuously a solution of 25 mcg./ml./min. 
Thc concentration was so adjusted as to cause 
cardiac arrest within 50-~60 min. of pcrfusion. The 
British Pharmacopoeia (1958) method was e111- 
ployed for the assay in guinea pigs. A concentra- 
tion of 50 mcg./ml. of glycoside B was used which 
brought about cardiac arrest in 20-40 min. 

Absorption, Persistence, and Cumulative Toxic- 
ity.-Its absorption from the gastrointestinal tract 
aftcr oral feeding was measured in unatiesthetized 
cats by the method of Purdum (S), and in anesthe- 
tized cats by the method of Dille and Whatmore (7). 
The persistence of the glycoside was studied in 
cats after intravenous administration of 4Om, HD. 
Cumulative toxicity was determiticd by the method 
described earlier (8) by daily subcutaneous injec- 
tions of 20 arid 40% HD for 21 days, or less if death 
took place earlier. For comparative purposes digo- 
xin and lanatoside C were used in most of these 
studies. 

RESULTS 

Cardiotonic Activity.- ~ / ) im. t  E 7 d ~ n c ~ . - ~  ( 1 1  ) Per- 
lusioii of thc frog Iicart with glycodc .H i t 1  coi ic~* i i -  
traticins of 5 30 nicg./tnl. producc.d ail i i i ihl  i i i -  

I I  tlie :uiiplitudc of contraction : r i d  a s l o ~  i i i g  

o f  tlie Iicart ratc. ‘I‘liis was lollowed by liartin1 A-V 
ud systolic staiidstill of the heart. 

( b )  I’crfusiori of the Iiypodyiiamic guinea pig llcart 
witli 6 and 10 mcg./ml. concentrations of glycosidc 
S produced a markecl positive iiiotropic effect witliiii 
5-7 min. Further perfusiou resulted in cardiac ir- 
regularities followed by cardiac arrest in 15-20 min. 

(c) Glycoside B, in a conccntration of 0.44.5 
mcg./ml., restored the contractility of the hypo- 
dynamic papillary muscle of the cat. At low con- 
centrations (0.044.1 mrg./ml.) imprcwemcnt in the 
amplitude of contraction appeared within 5-7 min. 
of addition, the prefatigue atrlplitude being attained 
in 20-30 niiti. and bcing rvcll maintained for about 
2 Iir. A t  high conccntration (0.5 mcg./ml.) the re- 
stored contractility lasted for 45-60 miti. ; there- 
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segment, PR dissociation, ventricular extra systoles 
followed by irregular ventricular rhythm, and 
cardiac standstill (Fig. 2), typical cffects of a cardeno- 
lide. 

The therapeutic index of glycoside B was calcu- 
lated from the ECG records. Bradycardia, prolonga- 
tion of PR interval, inversion of T wave, or sagging 
of ST segment were considered as the therapeutic 
stage, the appearance of extra systoles and bundle 
block as the early toxic stages, arid ventricular 
tachycardia and fibrillation as the severe toxic stage. 
Rcsults showed that 25407% of the lethal dose was 
required to produce the therapeutic stage while 
60-90G/b of the same produced the severe toxic stage. 
In comparativc studies with ouabain (10 mcg./ml.) 
these changes were produced with 30-35 and 55- 
75y0 of the lethal dose, respectively. 

A study of the effect of single intravenous doses of 
glycoside B on the ECG changes in anesthetized 
cats revealed that 10 and 25% H D  produced pro- 
longation of PR from 0.066 to 0.0825 sec., 10-14c?, 
bradycardia, aud slight increase in QKS within 5-10 
rnin. of administration; change in the T wave was 
also noticed. On the other hand 5070 HD produced 
inversion of T wave and sagging of ST segment fol- 
lowed by ventricular tachycardia after 25 min. and 
dcath after 40 min. 

(a) In pigeons, intravenous doses of 100, 150, 200, 
and 300 mcg./K;g. of glycoside B produced 16, 42, 
71, atid 100% emesis, respectively. The lag period 
dccrcased as the dosc was incrcased. 

produced a marked contraction of isolated segments 
or guinea pig ileum and increased the tone and 
amplitude of contraction of isolated rabbit ileum. 

Intravenous administration of 257, HD of glyco- 
side B in anesthetized cats produced a slight rise iu 
blood pressure and an increase in the tone and 

(6) Glycoside B in a concentration of 3 X 

ence of 40% Hat- 
cher dose of glyco- 
side B administered 
intravenously de- 
noting time in hours 
a t  which the ani- 
rnals were perfused 

persistence a n d  the  
~ ~ c c n t a g e  of lethal 
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Fig. 3.-The effcct of 25%) Hatcher dosc (arrow) of 

glycoside B in an anesthetized cat. 

TABLE I.-MEAN LETIIAL DOSES OF GLYCOSIDE B, 
LANATOSIDE C, AND DIGOXIN IN CATS AND GUIVEA 

PIGS 
~~ 

,-Mean Lethal Dose (mcg./Kg.) Mean 2~ S E.- 
Drug Cat Guinea Pig 

Glyco- 
side B 358, H =k 10.85 (9)” 1093.0 f 29.06 ( 6 )  

Lanato- 
side C 200.2 f 8.75 (5) 483.9 f 22.00 ( 6 )  

Digoxin 278.0 If: 7.56 ( 4 )  838.17 f 31.67 ( 7 )  
-~ -~ - 

a Figures in parentheses indicate the number of animals 
used. 

after, the miplitude of contraction declined steadily 
and ultimatcly the muscle became unresponsive to 
tlic stimuli (Fig. 1). Occasionally, this concentra- 
tioii incrrasetl the irritability of the preparation. 

ftdirec-t  Livide,wi-e.-(a) The K G  record fdlowiiig 
ctmtiiiuous i i irusioi i  wit11 glyci.)sitle I< s h o w d  IJTUIY- 
cartlicl, 1)rdoiiga.LiuIi of 1’K iuterval, safigiiiy of ST 

‘rAFil.t4; 1 1 . -  - - -~ \HSOI<l~ l lON 1V U N A  I ’ I I K I I X E I )  CAYS A I ~ I M H  5 Ilr. ANI) I N  AAI~SIUI~,.IIZLII) C A I S  A V I I , , I ~  1 11r. 
l”UI..LO\VINC: ‘Tllh, I\I)h~INISlRA‘l’ION OF 1 IIAI’CNEK I h S X  01’ GI,YCOSLLlE B, LANAIOSILIE c, AN]> UI(AJX1N 

~ -~ 

.-Hatcher Doses in Unanesthetizcd- ,-Hatcher Doses in Anesthetized- 
Cats Cats 

Drug Control Treated Absorption Control Treated Absorption 
(rncg./Kg.) i. S.E. 70 (mcg./Kg.) =t S.E. % 

C;lycoside B 288.20 f 6.85 140.00 f 4.46 ( 3 . 9  329.40 f 3.87 0.00 100.00 
(8)a (7)  ( 3 )  ( 6 )  

Lanatoside C 200.20 f 8.75 169.10 f 2.05 1 5 . 2  183.70 f 2.50 157.20 f 3.25 14.42 
(5 1 (3  1 ( 3 )  

. . . 254.20 2z 2.30 180.00 If: 5.02 29.13 
(5 1 

( 2 )  (2 1 
Digoxin . . .  . . .  

-- 
Figures in parentheses indicate the number of animals used. 
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TABLE III.-CUMULATIVE TOXICITY OF GLYCOSIDE B, LANATOSIDE C, AND DIGOXIS 

Hatcher Dose 
Administration AV. 

Cats. Subcutaneously. Deaths, Day of 
UI ug NO. % N O .  Death Observations 

Laiiatosidc C 3 20 3/3 

40 3/3 
Glvcosidc B 3 2 0 2 / 3  

5 40 a/5 

Digoxin 2 20 2 /2  

amplitude of contraction of the intestines. The lat- 
ter effect lasted for 5-10 min. (Fig. 3). 

Intensity of Biological Activity.-Table I shows 
that glycoside B is more active in cats than in 
guinea pigs, that its potency is three-fourths that of 
digoxiu and one-half that of lanatosidc C, both in 
cats and guinea pigs. 

Absorption.-The comparative absorption of gly- 
coside B and of lanatoside C was studied in uri- 
anesthetized cats following oral administration of 
one HD of each. The results, calculated in terms 
of the absolute absorption, are shown in Table 11. 
Clycoside 13 was found to be very well absorbed 
(63.9%) from the gastrointestinal tract, while thc 
absorption ol lanatoside C was only 15.27:,. Fur- 
thermore, the oral absorption of the former was 
found to be consistent and dependable since it 
varied only from 52.9 to 70.0% in a serics of six 
animals. 

The absorption of the glycoside from the small 
intcstine was studied in five anesthetized cats by 
administering one HI) to the intestine isolated be- 
tween two ligatures. All animals died between 20- 
55 min. after administration, indicating that the 
main site of absorption is the intcstinc. In these 
experiments lanatoside C and digoxin showed 14.3 
and 29.13$& absorption, respectively. 

Persistence.-The pcrsistence of glycoside B 
showcd a biphasic phenomenon (Fig. 4). At 73 hr. 
the glycoside appeared to have been complctcly 
eliminated from the system as shown by the per- 
centage of HL) required to kill the treated animals. 
However, after 96 hr. this dosc dccreased, so much 
so that at 144 hr. the dose was eveu lower than that 
required a t  the beginning of the experiment. The 
implication of this observation is discussed later. 

Cumulative Toxicity.-The results are shown in 
'lablc 111 along with those obtained with lanatosidc 
C and digoxin. Thc average number of days takcn 
for the aninials to die indicate that the cumulative 
toxicity of glycoside B lies betwecn that of digoxin 
aiid lariatoside C. All tlic trcatcd aniinals sl1owcd 
tnarkcd cmaciation, apparently due to loss of appc- 
t i te and body weight. 

DISCUSSION 

Glycoside B obtained from the leaves of V .  solorto- 
ceo has been identified as 0-acetyl-solanoside which 
is present in the seeds. 

Glycoside B is found to possess marked cardio- 
tonic activity which is one-half that of digoxin and 
one-half and one-fourth that of lanatoside C in cats 
and guinea pigs, respectively. Its therapeutic index 
is the Same as that of ouabain. I t  has a quick onset 
of action likc that of ouabain and lanatoside C 

12 

7 
8 
4 

0 

1 died on 9th day, 1 on 11th day, and 1 
on 15th day 

2 died on 7th day, and 2 on 9th day 
2 died on 8th day 
2 died on 2nd day, 1 on 3rd day, 1 on 5th 

1 died on 5th day, and 1 on 7th day 
day, and 1 on 9th day 

which may be an advantage over digoxin. This may 
be attributed to its highly nonpolar character. Its 
good, consistent, and dependable absorption after 
oral administration resembles digoxin more than 
lanatoside C. 

The fact that administration of one HD into the 
intestine invariably produced cardiac standstill 
within 20-25 min., while the same dose given orally 
failed to produce cardiac arrest within 6 fir. would 
indicate that glycoside B is inactivated to some ex- 
tent by the gastric juices. 

In persistence studies glycoside €3 has been found 
to possess medium duration ol action as the effect 
of a single dose lasts for 72 hr. In this respect it re- 
sembles lanatoside C more tliaii digoxin. IIowever, 
a peculiar behavior of glycoside €3 has been ob- 
served. At  72 hr. the effect of a single dose was 
found to  have disappeared, but observations carried 
out a t  96 and 144 hr. indicated the reappearance 
of the effect so much so that a t  the latter interval i t  
was even greater than the effect produccd initially 
when the glycoside was administered. Obviously, 
this phenomenon cannot be explaincd on the basis 
of the actual reappearance of the glycoside B itself 
in the system, but must be due to the sensitization 
of the receptors to thc action of the drug so that a t  
96 and 144 hr. a lesser dose of the glycoside can 
produce the same effect. Rothlin (9) has reported 
the phenomenon of sensitization and desensitization, 
tachyphylaxis, and tolerance with digoxin, digilanid 
A, and digikanid C in cats. The observation regard- 
ing the medium duration of action of glycosidc B is 
also supported by the cumulative toxicity data 
which show that it possesses a low toxicity compared 
to digoxin but a high value as COInpared to lanato- 
side C. 

It may be concluded that glycoside B is a potent 
cardcnolide with a therapeutic index similar to that 
of the cardiac glycosidcs used clinically. It has il 

quick onset, rriedium duration of action, aud sliows 
corisistent and dependable oral absorption with low 
cumulative toxicity. 
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