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Abstract: The toad, known for its various medicinal properties including parotid gland secretion (toad venom),
dried skin, and gallbladder (toad bile), holds considerable medicinal applications as a valuable traditional Chinese
animal medicine. Currently, in-depth attentions have been paid to the chemical composition and pharmacological
properties of toad venom and skin; however, a lesser number of detailed analyses were concentrated on the toad
bile. This review provides an overview of the chemical constituents in the bile of the Bufo genus, with a special
focus on the cholestane and bufadienolides, and highlights the progress in their biosynthetic pathway and pharma-
cological activities. The analysis uncovers a distinct category of unsaturated 4> or A4%-C,,/C,, bile acids in the toad
gallbladder, potentially acting as key intermediaries in forming C-17 a-pyrone of bufadienolides. Furthermore, the
high presence of 3a-OH configured bufadienolides in toad bile, in contrast to the common 34-OH configured found
in toad venom or skin, indicates a possible link between their minimal toxicity and the toad's self-defensive

or physiological control. This review provides scientific basis for the development and utilization of toad bile
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resources, and provides useful reference for the discovery of lead compounds, analysis of the biosynthetic pathway

of bufadienolides, and research on toad physiology.

Key words: Bufo; toad bile; cholestane; bufadienolides; biosynthesis
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Table 1

Bufo vulgaris japonicus

Cholestane constituents from the bile of Bufo genus. a: Bufo bufo gargarizans; b: Bufo vulgaris formosus; c: Bufo marinus; d:

No. Component name Species Class Reference
1 (22E,20R,24R,25R)-30,120-Dihydroxy-54-cholest-22-ene-24-carboxylic lactone (bufolic acid A) a Cy [12]
2 (22E,20R,24R)-3a,7a,12a-Trihydroxy-54-cholest-22-ene-24-carboxylic acid (bufolic acid B) a,b Cy [12-14]
3 (22E,20R,24R)-3a,7a,12a-Trihydroxy-5a-cholest-22-ene-24-carboxylic acid (bufolic acid C) a,b Cp [12-14]
4 (22E,20R,24R)-3a,12a-Dihydroxy-5/-cholest-7-0x0-22-ene-24-carboxylic acid (bufolic acid D) a Cp [12]
5 3a,12a,24-Trihydroxy-24-methyl-7-0x0-22-ene-54-cholestan-26-oic acid (bufolic acid E) a Cy [12]
6 3a,7a,12a,24-Tetrahydroxy-24-methyl-54-cholestan-26-oic acid b Cy [13,14]
7 (22E,20R,258)-3a,7a,12a-Trihydroxy-54-cholest-22-ene-26-oic acid (bufonic acid II) a C,, [12]
8 3a,7a,12a-Trihydroxy-5p-cholest-23-en-26-oic acid (4%-3a,7a,12a-trihydroxycoprostenic acids) b,c,d C,, [13-15]
9 3a,7a,12a,26-Tetrahydroxy-5/4-cholest-23-en-27-oic c C,, [13]

10 3a,7a,12a-Trihydroxy-5a-cholest-23-en-26-oic acid b,c C,, [13,14]
11 3a,7a,12a-Trihydroxy-5a-cholestan-26-oic acid b,c C,, [13,14]
12 3a,7a,12a,26-Tetrahydroxy-5a-cholestan-27-oic c C,, [13]
13 3a,7a,120,26-Tetrahydroxy-5p-cholestan-27-oic c C,, [13]
14 3a,7a,120-Trihydroxy-4"® (or 4')-25a-coprostenic acid (bufonic acid I) b C,, [16]
15 3a,7a,12a-Trihydroxy-5p-cholestan-26-oic acid b,c C,, [13,14]
16 3a,7a,12a,24-Tetrahydroxy-5/-cholestan-26-oic acid (varanic acid) b, c C,, [13,14]
17 5p-Cholestane-3a,7a,12a,26-tetrols b,c C,, [13]
18 5p-Cholestane-3a,7a,12a,25,26-pentol (54-bufol) [¢ C,, [13,17]
19 5p-Cholestane-3a,7a,12a,25,26,27-hexol b C,, [13,16]
20 Sa-Cholestane-3a,7a,12a,26-tetrols b, c C,, [13]
21 5p-Bufol sulfate b, ¢ C,, [13,17]
22 Bufospirostenin A a C,, [18]
23 3a,12a-Dihydroxy-15-0x0-54,14a-cholan-24-oic acid (cholicone A) a C,, [12]
24 3a,12a-Dihydroxy-15-0x0-58,14a-cholan-24-oic acid ester (cholicone B) a C,, [12]

25 3a,12a,15a-Trihydroxy-5/-cholan-24-oic acid a C,, [12]

26 Cholic acid b, c C,, [12-14]

27 Allocholic acid b, c C, [13,14]
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Figure 1 The cholestane structures from the bile of Bufo genus

TERMEZN Y R AT W, BARTELS RE L RIS S AN 38
RIVA D BEAFAERS G HEM oS IR R Y C-15 17 A0
C,, JIE ES R W] R A2 W 73 1A R A2 ) G o ) B2 o [ 4,
ifs 75 A IS Y 148-OH B, 148, 158- 4845 14 () T i F 5%
BAER,
1.2 MESRNEEAER S

s T P R SRR ik 0 N R, R — R R A RO
PER) C,, ARG, T332 5 An £ R A B4 B,
T 1 53¢ R B AAGE + BHNEE, 34 00 ki Jm b
Rhabdophis J& ¥ Fl 2 K P H ke Ah 75 IR 3L 30 4 H
2 NAR A R LR B P R A R A ECY . LA R
fIE A& B4 1) C-17 AL A — AN 7S JCA MR P9 B 3R —
o-ME R B, J& T 28 50 85 e C-3 fr B2 FE A7 A T M
BEAL AT AE D BRI 2, 5 3 7 e I 50 A J R R
JG 10 W2, Me Wi — R I s S R I b L BRR 26 B 3R VBN
EhER AR $E C-3 R SRR [R], W] 43 A 38-OH

K B0 7 N T R 30-OH A4 B i 75 P9 I

fe 7 A IR R U A T AN S R AR AR WA ) (s
TR) ARk (B8 B), b Ah FLAb 20 93t A R L s 7 N
R PR A7 L, s gk PR I g7 B SR 2 gt
S5 o B I A AR A AE 5 R A0 R A RSN, IR AE
AT H AR S PRI A g o I E A Bufo bufo
gargarizans T Bufo marinus P IHFE 3L 5085 17 27 i
HE R T, B 17 4> 3a-OH K 7 (28~44) 1 10 4>
3B-OH W5 5 A i (45~54), W3R 29I 2. A BT
i, WEER BT ISR N IR SRR AN (BRI
J9) PR 45 K R AR I A AN [R], 02 5 Dy 3-OH B 7
ANTR], TR oy WA ) T 0 34-OH Wi 3 A R T, TS
JIR R A N 2H 2 3 L2 3a-OH #4284 B 38-OH Jig 44 i7
A,

H AT, i dk 2 23 P9 s 75 N I C-3 A7-OH Ry AR AL 1)
R SO R . AT 905 3a-OH FIU A 2 7y



- 1620 - 22224 Acta Pharmaceutica Sinica 2024, 59(6): 1616-1626

Table 2 Bufadienolide constituents from the bile of Bufo genus. a: Bufo bufo gargarizans; c: Bufo marinus

No. Component name Species Class Reference
28 3-epi-Bufoliene a 3a-OH [43]
29 3-epi-6f-Hydroxycinobufagin a 3a-OH [43]
30 3-epi-Cinobufotalin a 30-OH [43]
31 3-epi-19-Hydroxyresibufogenin a 3a-OH [43]
32 3-epi-Arenobufagin a 3a-OH [43]
33 3-epi-y-Bufarenogin a 3a-OH [43]
34 3-epi-Bufalin a 3a-OH [43]
35 3-epi-7p-Hydroxybufalin a 3a-OH [43]
36 3-epi-Bufotalin a 30-OH [43]
37 3-epi-Gambufotalin a 30-OH [43]
38 3-epi-Desacetylbufotalin a 3a-OH [43]
39 3-epi-Resibufogenin a 3a-OH [43]
40 3-epi-Desacetylcinobufagin a 30-OH [43]
41 3-epi-12-Hydroxyresibufogenin a 30-OH [43]
42 3-epi-Argentinogenin a 3a-OH [43]
43 5f,12a-Dihydroxy-3-epi-resibufogenin 3-0-f-D-xylo-pentodialdoside c 30-OH [44]
44 5p-Hydroxy-3-epi-resibufogenin 3-O-f-D-xylo-pentodialdoside c 3a-OH [44]
45 Argentinogenin a 3p-OH [43]
46 Bufotalin a 34-OH [43]
47 Telocinobufagin a 34-OH [43]
48 Hellebrigenin a 34-OH [43]
49 Desacetylcinobufotalin a 34-OH [43]
50 Cinobufotalin a 34-OH [43]
51 Marinobufagin-3-sulfate c 34-OH [45]
52 Resibufogenin-3-sulfate c 34-OH [45]
53 12f-Hydroxytetrahydroresibufogenin c 34-OH [45]
54 12-Hydroxytetrahydroresibufogenin-3-sulfate c 34-OH [45]
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Figure 2 The bufadienolides structures from the bile of Bufo genus

JIEL ] 2 3 A2 AR DL AT R, AN TR 48 A7-CL I S TR 4K
Ruan 2" M\ Bufo bufo gargarizans 1 1 [ B 43 2 2] A~
TR 1) A7-C L JH S BR A1 A%-C,, JH S 1R, HEI 472-C,, 1)
U8 75 2T B [F) I AR bR A, 1 30, {ELATS
ik — SIS
3 IERBIESANENEMERIERTRAR

i 75 A BRAE AR A S b )z e A, (HIX A AR
MR Y& R A BT A FE . Y, W53 N B
A ) LA IE [ Ay s TR, HG A0 i 2R T e — A Ok
B R AR — 2R B BT, B S 245 A — A C v B (BRI
G A), ATE NG A ERDY. FEh iR, iR A
K HUE H AT Ay ME— R DL B & s 25 N R 4
FopS81 R 2 SRS b Rk A P ) I S R 2 i B
PN IR ) BRI A4, AN B T AR & b 7 B2 0 A 0 T
M T R A AR o 50 T WS R A R I AE B R, DR EE AR
B C-17 AL/ 70 N Bg PR A 38-OH ) 24 s HH Py 15 110 T il

KT C-1TALANTC BRI B, F 2 SN A =2
HH C,, JIH ES T2 [ U B L AL T ok o Porto £ 58 K I,
AR, i bk o i) s 55 4 R A S Y A e B2 0
e Tt o R A A5 B, AT A e AR P VA S A T

R, =H
R, =OH
41 Ry=OH R,=H

49 R, =
50 R; = A

51 R=0OH
52 R=H

FRIC I Z2 4 B TR, T 9% 2~6 A 5, W i 10 3 IR oK fig
R WU 2 TR R A A0 S A I AR SR T £ L (Scilla
maritima) W% 25 5 22 )G BEEA I & 14 K5, v LA A
BN FRIC I WETE MBS . HEAh, Chen P HF 5T R I, 8
o RN MC AR IC AN R A B ) C, S R, 220 T
JE )R 3%, AT LR S ik 10 B M e ke 00 3 T M R A Y
I YR, O H 2SR N 36-OH JIH (S BRI, WERE N EE &
Ji 7 7 v T R A 9 MH T B B 30-OH IH (S R . Bl ),
Garraffo 55 PM R 5T I\ Jg I [ I B3 B A 2 A0 AH ] 2 1)
C,, SR e SON I 5 N R I & BAT ARG & 4 . BT,
SCHRMYIHRIE T M Bufo bufo gargarizans 1) JJH 5 Hp 4y B
7 — &R C-17 £ i 195 5 AR AT 4%2/4%-C,/C,, JH
§S R (H AT AE W ik & 5 ), X AN AT ) 47
AP -JR iR AL T S R Y s B R C-17 K211 a- ML
A, BRI, A 2R B HE TS R A A AT RE T IZ AR AE 4747 )
AT, X6 T i 75 P 185 o PR I TR 1) RS 2 e R B

FH T 0 ek B IR AR PN 2 288 B B EE N IR C-3
F7-OH B9 8 7 S B0R, KT R N 30-OH W5 5 A lE K
V5 75 i v 34-OH WS 55 P 15 & s Hh TA) AR A 6 22
Biaf it — MOU A N IS ik N IE 3a-OH 1 75 14 IiE 2



© 1622 -

252 %4} Acta Pharmaceutica Sinica 2024, 59(6): 1616-1626

M@c@”

Camp esterol 7 a-Hydroxylation

Isomerization: A>—A%; 3#0H—3a-OH
Reduction: A*—54H
27-Hydroxylation
Oxidation of side-chain

COCOH

Cholesterol

1

R
COOH
COOH
Decarboxylatlon L
_—
R HO R
Cyg bile acid C,7 bile acid Cyy bile acid
Dchydrogenation Hydrogenation | Dehydrogenation o
(o}
COOH N R N\ Y/
COOH
Decarboxylatlon Cleavage
_—
R HO R
Unsaturated Csg bile acid Unsaturated Cy5 bile acid Bufadienolides
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