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Chromatography is of acknowledged importance in the identification and separation1 
of the bufadienolides (I), the cardiotoxic steroids of toad venoms, which are of in- 
creasing pharmacological interests-s. 

Following on our work on the venoms of B.ictbriczts Spis xS24 and B.cmcifer 
Wied 18210, we now report a chromatographic survey of the bufadienolides isolated 
‘from the venom of the parotid glands of B.$aracrtemis Lutz 1925. 

B. $aracrtemis Lutz rg257 is a giant toad (13-22 cm) (Fig. 3) common in various 
states of I3razil (Minas Gerais, Rio de Janeiro, Sgo Paulo, Paran&)*. The species posses- 
ses voluminous parotid glands averaging 25 O/~ of the length of the individual and is 
easily distinguished from the northern (Amazonian) B.nzarinzcs Linnaeus x758 by the 
presence of salient tibial glands. 

A preliminary investigation of the crude venom was based on thin-layer chro- 
matography, the results of which have been briefly reportedO. In order to achieve 
separation and identification of the bufadienolides obtained in this first step, repeated 
column chromatography on aluminium oxide or silicic acid was carried out and the 
fractionations systematically followed by thin-layer and paper chromatographic 
analysis. 

EXPERIMENTAL 

The viscous mass, collected from 239 individuals by pressure of the parotid glands, 
was dried in a desiccator (over P,O,) , yielding 57 g of crude dried venom. The aqueous 
suspension of this material was repeatedly extracted with chloroform-methanol (g : I) 

* This paper was presented in part at the 4th meeting_,of the Brazilian Chemical Society, 
Professor FRITZ FEIGL'S 70th anniversary, Rio de Janeiro, Nov. 16-23, x962. 
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and the concentrated dried organic layers furnished g.S g of an amorphous residue 
containing mainly cardiotoxic steroids. 

Cohcmn chronsatog~a#by 

Chromatographic fractionations were performed on columns of aluminium oxide 
(Merck, active neutral) or silicic acid (Mallinckrodt, IOO mesh) by the method of 
fractional elutionlO, using the sequence of solvents benzene, chloroform, methanol 
(Table I). 

TABLE I 

COLUMN CHROMATOGRAPHIC FRACTIONATION~OBBUFADIENOLIDES . . 

Colwrtr x(.41,0,): 9.5 g ~fvcnowz wfracl Column 0 (AllO,) : 1.72 g from fracliorw r-,3, col:rtntr r 

Fract iotr Solvcr1t A ,,rolt#zt Bufadicd- Fradiorr Solvorl A ttro1rttt Btrfadietr- 
No. sysh!ttt” (tw) oIidc*” No. SYSlWP WE9 olidP* 

1-3 Chf-Be 1:r 

4-6 Cllf-l3z 3 : I 

7 Chf 
s-r 0 Chf 

II Chf-Me 50 : I 
12-13 Chf Me 5o:1 

14 Chf-Me 45 : 5 

IS-16 MC 

1785 
3089 

490 

539 

794 
2 q 5- 
2Sg 
627 

ys, R, M 
R,M,T 
M, T 

M, T, Bt, G, 
He 

M, Bt, T, I-Ie, 
Ho, 3 spots 

I-.+ Bz 24 ys 

5-9 Chf-Be 1; I 194 
IO-15 Chf-l3z 3 : I 102 1 ys,B,M 

16-20 Chf 419 B, M 
21-24 Chf-Me 50: I 629 B, M, T, He, G 
25-26 Chf-Me 50: a 20s M, T 
27-2s Chf-Me 45:5 52 He, G 

Col~ittttr 3 (SiOp): 0.664 gfront fractions 5-20, coltrtnn 2 

FrE!!t’ 
Solvctil A itrounl Bttfadim- 
syslcttP (tttg) ofidc** 

Colrrttw 4 (Al,O,) : 3.2 g from fradiotts 4-7, coltottn I 

YFOYon 

Solvctrt .4NloItrll Ptrfadiztr- 
s.vstettP (tw) olidP* 

I-4 Chf-Bz 2:3 *o4 I Chf-Bz I: I 64 RI, R 
5-g Chf-Be 3 : 2 II \ 

16 \ 

ys 2- G Ch-l3z I : I 42 M, T 

10-12 Chf-Bz 4 : I 7-13 Chf-Bz 3 : I 1204 M, (T) 

13-15 Chf 5 Ysl I3 14-19 Chf 1710 
I 6-23 Chf-Me 50 : I 373 ) I% M 20-21 Chf-Me 50: I 29 nx, T 
24-25 Me 35 22 Chf-Me 50: 2 26 I 

Coltrtttn 5(40,): 1.3 g frotn fracliotrs S-II, coltittrn 3 

Fr%?n 
Solvenl A nrorrttl Btcfadicn- 
systcttt’ (tt& ol id& 

Coluttttr 6 (Al,O,): r.12 g frotn fradions 13-x6, colttnrtr I 

Pracl ion Solvetrl A ttlourrl Bttfadietr- 
No. sysIm* (tw) elide** 

I-2 Chf-Bz I: I 44 RI, T, Ag I-4 Chf 280 M, T, Bt, He 

3-5 Chf-Bz I: I 2.1. M,T 5-g Chf-Me 50 : I 260 M, T, Bt, Ag 
6-10 Chf-Be 3: I 54 M, I3t 10-14 Chf-Me 50: I IS4 He, Ho, 2 

spots 
11-19 Chf 210 T, G I s-19 Chf-Me 50 : 2 147‘ M, T, Ag, He 
20 Chf-Me 50: I 628 T, (M), (G) 20-23 Chf-Me 45:5 36 I Ho, 5 spots 
21-23 Chf-Me 50: I 150 T, He, Ho, 24-2s Chf-Me 20: 5 41 I spot (start) 
24-26 Chf-Me 50: 2 22 I I spot 

0 ; 

* Chf = chloroform ; Bz = benzene; Me = methanol. 
** A6 = argentinogenin; B = bufalin; Bt = bufotalinin; G = gamabufotalin ; He = helle- 

brigcnin ; Ho = hellcbrigenol; M = marinobufogcnin; R = resibufogenin; T = telocinobufogenin; 

Bs = p-sitosterol; ys = y-sitosterol; parentheses indicate traces. 
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ANALYSIS OFBUFADIENOLIDES II 

Thin-layer chtromatogra$hy (TLC) 

Chromatoplates of Silica gel G (Merck) were prepared by procedures already descri- 
beds-l1 and ascending development was carried out, using one of the solvent systems: 

A : Ethyl acetate-cyclohexane (I : 2) . 

B: Ethyl acetate 
C : Ethyl acetate-methanol (g : r) . 
After concentration of the column eluates to a small volume (r-z ml), aliquots 

were applied to the plates through capillary tubes. 

Pa$er c?iromatogra~hy 

The descending method was selected. The papers (Whatman No. 1) were impregnated 
with the stationary phase previously diluted with acetone (I :5 v/v) and partially 
dried (70”) before development. The solvent systems employed were: 

A : Formamide-benzene 
I3 : Formamide-chloroform 
C : &opylene glycol-water (4 : r)/benzene-chloroform (I : I). 
Development took from 3 to 96 h. zoo to 150 ,ccg of the steroidal mixture and 

30 to 50 ,ug of the standards were applied along a line 7 cm from one edge of the 
50 cm sheets. 

Detection 

The steroidal compounds were visualized by spraying a saturated chloroform solution 
of SbCl, on thechromatoplates or the dried papers (vacuum oven/600), heating over a 
hot plate and examining in ultra-violet light. In experiments with preparative TLC, 
visualization could also be. obtained by spraying waterI on the developed plates, 
thus showing up the white bands corresponding to the steroidal constituents. 

RESULTS AND DISCUSSION 

Table I shows the results of the chromatographic fractionations and Table II shows 
some of the RF values. Figs. T and z are examples of thin.layer and paper chromato- 
graphic analyses of bufadienolides. 

Fractions r-3 (column I), r-g (column 2) and 1-12 (column 3) (Table I) include 

TABLE II 

Rp VALUES* (PAPER CHROMATOGRAPNY) OF UNIDliNTIFIED POLAR COMPONENTS 
! 

’ Solvent system : formamid/chloroform 

Gamabufotalin 100 Yellow 

:; 
80 Pink 
67 Pink 

2 
44 Pink-yellow 

Pi 
25 Orange 
IO Pink-orange 

* Determined with reference to gamabufotalin. 
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b 
Fig. I (a). Thin-layer chromatography of eluates from column I (Table I). Solvent: ethyl acetate. 

(b) Thin-layer chromatography of eluates from column 3 (Table I). Solvent : ethyl acetate. 

a substance of the same Rp value as /?-sitosterol (TLC, solvent systems: ethyl acetate- 
cyclohexane (I :2), ethyl acetate). This was considered to be y-sitosterol. Since the 
occurrence of this sterol has earlier been recognised in toad venoms13 and the struc- 
ture and confimration of /I-sitosterol assigned to itl”, a standard of /?-sitosterol was 
used for further identification: (a) column chromatography on silicic acid of fractions 
I-g (column 2) and I--IS! (column 3) followed by elutions from benzene yielded 
rr3 mg of chromatographically (TLC) pure material which was recrystallized in 
acetone-methanol; yield 51 mg, m.p. x41-r43”, [oC]#’ = -4r o (c = 1.03; chloro- 

*g G T 

6 f3t 10 He 12 M Ho 

0 0 0 

0 0 0 

: 6;; O 

000 0 

0 0 go 

000 0 

0. 00 
. 

G 

He 17 t-b 20 
‘1 

55 0 

dP4 0’ 

OkA-2 
04 0 
04 0 

0 

000 

00 0 

Fig, 2. Paper chromatograms of eluates from column 6 (Table I). Solvent system: formamide- 
chloroform. Time of development: (a) 3 h; (b) 6 h. 
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form) ; (b) infrared spectra of this compound and of,,&sitosterol exhibit the same ab- 
sorption bands in the 1400-650 cm-r region, which agrees with previous findin@. 

Recrystallizations in acetone-ether of: (a) fractions 16-25 (column 3) furnished 
45 mg of chromatographically (TLC) pure bufalin, m-p. 235~238”, [OC]Dsao = -11~ 

(c = 1.09; chloroform) ; (b) fractions 7-19 (column 4) gave 2.717 mg of chromato- 
graphically (TLC) pure marinobufogenin*, m.p. 219217O, [a]~““” = + 12~ (c = x.13; 
chloroform) ; and of (c) fraction 20 (column 5) yielded 524 mg of telocinobufogenin, 
together with traces of marinobufogenin, m.p. 15&-162~, [a]#” = + 7” (c = 1,07; 
chloroform). 

In fractions 15-23 (column 6), the presence of 5 spots of lower xp values than 
gamabufotalin was demonstrated by paper chromatography (Fig. 2). Further 
fractionation on a column of silicic acid or by preparative TLC was unsuccessful 
owing to the complexity of the mixture and its low yield. 

Generally speaking, TLC had several advantages, but showed certain limitations 
when using silica gel G: for instance, in cases in which the resolving, power of TLC 
did not favour the distinct location of the more polar bufadienolides; paper chro- 
matography proved’ more suitable.. 

Fig. 3. Bufo paracnemis Lutz 1925 

ACKNOWLEDGEMENT 

This work was supported by grants Quim. rg/62 and 25/62 from the Funda$io de 
Amparo a Pcsquisa of the State of Sgo Paulo (FAPESP) and grant A-g/62 from the 
Fundo de Pesquisa of the Butantan Institute (FPIB). We are indebted to Drs. W. B. 

* l?rcvio%y isolated from the venom of the same species of toad along with bufoteninc and 
adrenalirde. 

.J. Ciwonzatog., x5 (1964) 9-14 



MoRS AND M. MAGALHAES (Instituto de Quimica Agricola, Rio de Janeiro) for sup- 
plying a sample of fl-sitosterol. The infrared spectra were recorded in the laboratory of 
Prof. A. FAJER (Faculty of Medicine, Sgo Paulo) to whom we express our gratitude. 
We acknowledge helpful discussions with Dr. OLGA B. HENRXQUES (Instituto Butan- 
tan) and Prof. I<. MEYER (Faculty of Pharmacy, Basel). We are grateful to White 
Martins Do Brasil, S.A. for their active interest. The technical assistance of Mr. T. V. 
SANTOS and Mr. A. R. DASILVA is appreciated. 

SUMMARY 

A chromatographic study of the bufadienolides isolated from the venom’of the parotid 
glands of Bzcfo $aracmmis Lutz 1925 is reported. Column fractionations, followed by 
thin-layer and paper chromatographic analysis, resulted in the identification of the 
following compounds : y-sitosterol, argentinogenin, bufalin, bufotalinin, gamabufo- 
talin, hellebrigenin, hellebrigenol, resibufogenin and telocinobufogenin. Five unidenti- 
fied compounds of lower & values than gamabufotalin were detected by paper 
chromatography, using the solvent system formamide-chloroform. 
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