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in b o t h  t he  p repa ra t ions ,  a n d  s i m u l t aneous l y  p a r t  of 
these  samples  were m a d e  a lka l ine  (pH 12.0) boi led a n d  
aga in  acidif ied to  p H  5.0 lost  ace ty lchol ine- l ike  a c t i v i t y  
w h e n  assayed on  these  p repa ra t ions .  S t a n d a r d  ace ty l -  
chol ine  solut ions  were m a d e  w i t h  acidif ied ce rebrosp ina l  
f luid used for perfus ion.  

I n  a t o t a l  of 285 samples ,  ace ty lcho l ine  was found  in  
v a r y i n g  a m o u n t s  o b t a i n e d  in 25 conscious  dogs. The  
Tab le  shows t h e  f r equency  of ace ty lcho l ine  release in 
ha l f -hour  samples .  Usua l ly  t h e  o u t p u t  was  be t w een  0.1 
to  1 n g / m i n  a n d  t h e  n e x t  f r e q u e n t  r ange  was 1 to  5 ng/  
rain.  W i d e  v a r i a t i o n  is seen in t he  r a m a i n i n g  samples  
r ang ing  f rom 0.0 to 0.1 a n d  u p t o  120 ng /min .  Ace ty lcho-  
l ine o u t p u t  was ni l  in  23 samples .  T he  o u t p u t  va r i ed  in 
d i f fe rent  dogs and  f rom day  to day  in t he  same  dog. The  

The frequency range of acetylcholine release into the liquor spaces of 
unanaesthetized dogs in 30 rain ventricular perfusate samples 

Serial No. Acetylcholine output (ng/min) Total % 

1 Nil samples 23 
2 0-0.1 57 
3 0.11-1.0 97 
4 1.1-5.0 59 
5 5.1-10.0 15 
6 10.1-20.0 17 
7 20.1-50.0 13 
8 50.1-100.0 3 
9 100.1-120.0 1 

8.070 
20.000 
34.035 
20.700 

5.263 
5.970 
4.560 
1.052 
0.350 

h i g h  va lues  in be tween  20 to  120 n g / m i n  were found  in  
dogs on  t he  3rd to  4 th  days  of perfusion.  The  reduced  
o u t p u t  in  s o m e  dogs were found  to  be in a s t a t e  of 
drowziness  and  du r ing  re laxa t ion .  These  resul t s  are  
p lo t t ed  in t he  fo rm of a h i s t o g r a m  in t h e  Figure.  

There  is also a bea r i ng  on  t he  size lead ing  to h igh  
o u t p u t  of ace ty lcho l ine  as seen b y  t he  va lues  f rom 5 ng  
to 20 ng /min .  Moreover ,  t h e  m a x i m u m  a c t i v i t y  of t he  
an ima l s  also showed an  increase,  usua l ly  f rom 10 to 
50 n g / m i n  a n d  somet imes  more  t h a n  100 ng /min .  

This  s t u d y  ind ica tes  t h a t  t he  ace ty lcho l ine  o u t p u t  
in to  t he  l iquor  spaces  in  u n a n a e s t h e t i z e d  dogs is large, 
s ince no  an t i cho l ines t e r a se  has  been  inc luded  in the  
per fusa te .  A n o t h e r  a l t e r n a t i v e  is t h a t  t he  l iquor  spaces  
of b r a i n  h a v e  a low c o n c e n t r a t i o n  of cho l ines te rase  
e n z y m e  to  hydro l i ze  ace ty lcho l ine  re leased in to  t h e  
per fusa te .  I n  a n  ear l ier  s tudy ,  we r epo r t ed  * t h a t  even  
10 [xg/ml eser ine in t he  pe r fusa t e  d id  no t  induce  a n y  
change  in t he  ace ty lcho l ine  o u t p u t  in to  t h e  l iquor  spaces  
in  u n a n a e s t h e t i z e d  dogs. The  c o n t i n u o u s  per fus ion  m i g h t  
h a v e  f u r t h e r  r educed  even  if low c o n c e n t r a t i o n  of 
ace ty lchol ine-es te rase  was p r e sen t  in  t h e  l iquor  spaces. 

The  source of ace ty lcho l ine  p r e sen t  in t he  pe r fusa te  
was f rom the  cerebra l  ventr ic les ,  s u b a r a c h n o i d  spaces  
a r o u n d  t he  b r a i n  s t em a n d  the  u p p e r  cerv ica l  cord, since 
these  areas  are inc luded  in t h e  pe r fus ion  sys tem.  More 
ace ty lcho l ine  could h a v e  come f rom t h e  large areas  of 
grey m a t t e r ,  such  as t he  c a u d a t e  nucleus,  h y p o t h a l a m u s  
and  4 th  vent r ic le ,  as BELESLIN et  al. 12 sugges ted  t h a t  
m u c h  of ace ty lcho l ine  release is f rom grey m a t t e r  w h e n  
t he  d i f fe ren t  p a r t s  of l a te ra l  a n d  3rd ven t r i c les  were 
per fused  in ca ts  u n d e r  chloralose  anaes thes ia .  

Zusammen/assung. Acety lcho l in  k a n n  im L i q u o r  yon  
w a c h e n  H u n d e n  gemessen  werden,  wobei  die gemessene  
Menge d e m  w a c h e n  Z u s t a n d  en t sp r i ch t .  

H.  VENKATAKRISIclNA BHATT 13 
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Acetylcholiae output (ng/min) 

The frequency distribution of acetylcholine output in 285 half 
hourly perfusate samples during perfusion of liquor spaces with artifi- 
ciai eerebrospinal fluid in unanaesthetized dogs. The columns show 
number of samples in each range and the concentration of acetyl- 
choline (ng/min) is given at its base. 
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Structure-Activity Relationship of the Cardenolides Derived from Digoxigenin and 
Digitoxigenin, with Special Reference to the Configuration at C-5 

I n  connec t ion  w i t h  t he  s t r u c t u r e  ass igned  to  a new 
card iac  aglycone,  syr iogenin  1, 5a -d igox igen in  (Ia) 2 was 
p r e p a r e d  f rom d igoxigen in  (IIa)  v ia  3-oxodigoxigenin  
(IIc) a n d  3-oxo-A~-digoxigenin ( I I Ia ) .  I n  t h e  course of 
th i s  s y n t h e t i c  work,  3-epi-digoxigenin (IIe) a n d  3-oxo- 
A1,4-digoxigenin (IVa) were also ob ta ined .  Thus ,  t he  
ca rd io ton ic  ac t iv i t i e s  of these  6 c o m p o u n d s  were t e s t e d  
b y  us ing  t he  S t r a u b ' s  p r e p a r a t i o n ,  a n d  c o m p a r e d  w i t h  
those  of t he  co r re spond ing  c o m p o u n d s  de r ived  f rom 

d ig i tox igen in  (IIb) ,  n a m e l y  uzar igen in  (Ib), d ig i tox igenone  
(IId),  A~-digi toxigenone ( I I Ib) ,  3-epi -d igi toxigenin  (IIf), 
a n d  A 1, 4-digi toxigenone (IVb).  

1 L. ~/[ASLER, S. BAUER, O. BAUEROV• and D. SIKL. Colln. Czech. 
chem. Colnmun. 27, 895 (1962). 

2 M. OKADA and T. ANJYO, Chem. Pharm. Bull. Tokyo, to be 
published. 
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Final concentrations and the relative potencies of the compounds used 
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Digoxigenin-Series 

Compound (12/~: OH) C-contr. (g/m1) 

Digitoxigenin-Series 

RP (IIa = 1 . 0 )  Compound (12fl:H) C-contr. (g/m1) RP ( I I b =  1.0) 

I a (5 c~-digoxigenin) 10 5 0.1 I b (uzarigenin) 3 • 10 -6 0.1 
II a (digoxigenin) 10 -6 1.0 IIb (digitoxigenin) 3 • 10 ~ 1.0 
IIc 3x10 -6 0.3 IId 3X10 ~-- 10 6 0.3-1.0 
IIe (1-3) X 10 -~ 0.03 0.1 IIf 3 x 10 -6 -- 10 -a 0.03-0.1 
IIIa 3 x 10 -6 -- 10 -~ 0.1-0.3 IIIb (1-3) x 10 -6 0.1-0.3 
IVa 3 X 10 -~ 0.3 IVb (1-3) X 10 -6 0.1-0.3 

C-contr., concentration of the drug reached when systolic contracture of the heart took place; RP, relative potency. 

The m e t h o d  of assay is the  same as descr ibed in the  
previous  papers  a-< Frogs, Rana nigromaculata, were 
used. The S t r aub ' s  cannula  con ta ined  2 ml  of R inger ' s  
solut ion (NaC1 111 mM, KC1 2.7 md!/I, CaCI 2 1.8 raM, 
NaHCO a 15 m M ,  glucose 2.7 mM),  aera ted  wi th  95% 
O2 + 5~o COy The con t rac t ion  of the  hea r t  was recorded 
isotonical ly  on smoked  drums.  The hea r t  was  f irs t  made  
h y p o d y n a m i c  by  reduc ing  the  concen t r a t ion  of calcium to 
0.6 raM, 1/a of the  normal ,  and  t h e n  the  effect  of one of the  
compounds  was t e s t ed  in the  fol lowing way. 

Stock solut ions were p repa red  by  dissolving each 
com pound  in 95% e thanol  ill a concen t ra t ion  of 1 mg/ml .  
Before exper iment ,  these  solut ions were d i lu ted  wi th  the  
low Ca Ringer  to desired concent ra t ions .  S ta r t ing  f rom a 
sub th resho ld  dose, a smal l  a m o u n t  (0.02-0.14 ml) of a 
d i lu ted  solut ion was added  to the  cannula  every  15 rain, 
so t h a t  a s tepwise  increase in the  cumula t ive  concent ra-  
t ion of t he  t e s t  compound  was achieved,  unt i l  the  hea r t  
wen t  in to  systol ic  con t rac ture .  The way  of increase in the  
cumula t ive  concen t ra t ion  was:  10-% 3 •  10-(n-I), 
3 • 10-(n-I), 10-(n-~). The re la t ive  potencies  were  ob ta ined  
on the  basis of t he  concen t ra t ion  of each compou n d  in 
which  systol ic  con t rac tu re  of t he  hea r t  was  b rough t  
abou t  (C-contr. in the  Table). 

Four  frogs were a l located to  each compound ,  and  to  
e i ther  d igoxigenin  (Ifa) or d ig i toxigenin  (IIb) which was 
used as t he  s t a n d a r d  in t he  same lot of animals .  In  
expe r imen t s  wi th  Is ,  Ib,  I Ie ,  IIf ,  tile s tock solut ions  were  
d i lu ted  wi th  30~o ethanol ,  because of the i r  low wate r  

solubil i ty,  and 0.02 ml  of a t e s t  solut ion was added  in to  
the  cannula.  In  these  cases, t he  s t a n d a r d  co mp o und  
{IIa or I Ib)  was also t r e a t ed  in t he  same way.  The 
expe r imen t s  were carr ied out  a t  room t e m p e r a t u r e  of 
22-25~ 

The resul ts  are summar ized  in the  Table.  C-contr.  of 
d igoxigenin  (IIa) and  digi toxigenin  ( l ib)  were  10 -~ and  
3 • 10 -~ (g/ml), respect ively .  As for t h e  values  of re la t ive  
p o t en cy  (RP), I I a  is t aken  as un i ty  in the  digoxigenin-  
series, and  I I b  in t he  digi toxigenin-series .  The re la t ive 
p o t en cy  of 5a-cardenol ides  (Ia, Ib) was 1/10 of t he  cor- 
r e spond ing  5/5-cardenolides (IIa, I Ib) .  As a whole, the  
values for t he  6 compounds  in digoxigenin-ser ies  coincide 
well w i th  those  of the  cor responding  compounds  in 
digi toxigenin-series ,  ind ica t ing  t h a t  the  presence  of 
12/5-hydroxyl group makes  the  compounds  in the  former  
group abou t  3 t imes  less ac t ive  t h a n  the i r  cor responding  
ones in the la t ter .  

A m o n g  a grea t  n u m b e r  of cardenol ide  aglycones found  
in nature ,  the re  are several  ins tances  where  bott l  t y p e  
(cis- and  trans-A/B) of compounds  isomeric only  a t  t i le 
C-5 posi t ion are known : d ig i tox igenin  (IIb) and  uzar igenin 

a T. SHIGEI and S. MINESHITA, Experientia 24, 466 (1968). 
4 K. TAXEDA, T. SHm~I and S. IMAI, Experientia 26, 867 (1970). 
5 T. Sm~EI, H. TS~RU, Y. SAITO and M. OKADA, Experientia 29, 

449 (1973). 

0 0 0 0 0 0 0 0 

I i J oH i i j oH i I j i .i I oH 

Ia :  R = 0 H  IIa:  R - 0 H ,  R '=f l -0H,  a - H  I l i a :  R = 0 H  IVa:  R = 0 H  
Ib: R = H  IIb:  R= H, R'=/~-OH, a - H  I I I b :  R = H  IVb:  R = H  

I Ic :  R=OH, R '=O 
I Id :  R=H,  R '=O 
IIe :  R=OH, R '=~-Ot t ,  fl-H 
II f :  R=H,  R'=c~-OH, fl-H 
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( Ib) ;  c a n n o g e n i n  and  co ro tox igen in ;  cannogeno l  a n d  
coroglaucigenin,  etc. ~. So fa r  as we know, however ,  car-  
d io ton ic  ac t iv i t i es  were d e t e r m i n e d  and  c o m p a r e d  b y  the  
same b ioassay  on ly  in  t he  f i rs t  pair ,  d ig i tox igen in  and  
uzar igen in  7-9. P r inc ipa l ly  based  on  these  compar isons ,  

6 T. REICHSTEIN, Naturwissenschaften 5g, 53 (1967). 
7 K. K. CHErt, A. Rev. Physiol. 7, 677 (1945). - K. K. CHEN and F. G. 

HENDERSON, Arehs int. Pharmaeodyn. Th~r. 7dO, 8 (1962). 
8 t{. REPKE, Proe. 2nd Int. Pharmae. Meeting (Pergamon Press, 

New York 1965), vol. 5, p. 65. 
9 A. L. ABELES, J. gem Physiol. 52, 268 (1969). 

10 CH. TAMM, Proe. 1st Int. Pharmac. Meeting (Pergamon Press, 
New York 1963), vol. 3, p. 11. 

n K. H. R. R~PKE and H. J. PORTIUS, Planta med. Suppl. 4, 66 
(1971). 

12 K. D. ROBERTS, EK. WEISS and T. REICHSTEIN, Helv. ehim. Aeta 
49, 316 (1966). 

13 This study was supported in part by a research grant No. 787012 
from the Ministry of Education, Japan. 

14 Department of Pharmacology, Nagoya University, School of 
Medicine, Tsurumai-eho, Showa-ku, Nagoya 466 (Japan). 

1~ Tokyo Biochemical Research Institute, Takada, Toshima-ku, 
Tokyo 171 (Japan). 

i t  is genera l ly  accep ted  t h a t  t he  A /B  cis-cardenolides are 
m u c h  more  p o t e n t  t h a n  t he  A /B  trans-cardenoIides 50, 55, 
a l t h o u g h  t h i s  is no t  a lways  t r ue  w i t h  t he  cardenol ide  
glycosides 53. The  p r e s e n t  resu l t s  w i t h  d igox igen in  (IIa)  
and  5 ~-digoxigenin  (Ia) t h u s  p rov ide  t h e  second in s t ance  
wh ich  suppor t s  t he  above  v iew concern ing  t he  s t ruc tu re -  
a c t i v i t y  r e l a t i onsh ip  of ca rdenol ide  aglycones  53 

Zusammen]assung. Es  w u r d e n  die k a r d i o t o n i s c h e n  
W i r k u n g e n  des Digoxigenins ,  sowie de ren  5 Der iva te ,  
e inschl iess l ich des 5e-Digoxigenins ,  auf  das  isol ierte 
F roschhe rz  u n t e r s u c h t  u n d  Vergle iche m i t  den  en t spre -  
c h e n d e n  Ag lykonen  der  D ig i tox igen in -Re ihe  gezogen. 

N. ISHIKAWA 54, I{. TSURU 5't, T. SHIGE114, 
T. ANJYO 55 a n d  M. OKADA 55 

Department o[ Pharmacology, Nagoya University, 
School of Medicine, Tsurumai-cho, Showa-ku, 
Nagoya d66 (Japan); and Tokyo Biochemical Research 
Institute, Takada, Toshima-ku, Tokyo 771 (Japan), 
18 Apri l  7974. 

Rifampicin and Cysteamine Protect against  the Mushroom Toxin Phalloidin 

Phal lo id in ,  a cyclic hep t apep t ide ,  is q u a n t i t a t i v e l y  t he  
mos t  i m p o r t a n t  r e p r e s e n t a n t  of t i le r ap i d l y  ac t ing  
pha l l o tox in s  i so la ted  f rom t he  poisonous  m u s h r o o m  A ma- 
nita phalIoides 5. I n  an  ear l ier  series of inves t iga t ions ,  mice  
could be  p r o t e c t e d  aga ins t  l e tha l  doses of pha l lo id in  b y  
pr io r  t r e a t m e n t  w i t h  h e p a t o t o x i c  agen ts  such  as c a r b o n  
t e t rach lo r ide ,  s o d i u m - c i n c h o p h e n  (sodium sal t  of 2- 
p h e n y l c i n c h o n i n i c  acid) and  t h i o a c e t a n i d e  2, 8. Sub-  
s equen t  s tud ies  disclosed t h a t  m a r k e d  p r o t e c t i o n  aga in s t  
pha l lo id in  was also p rov ided  b y  r i f ampic in  and  pheny l -  
b u t a z o n e  a. The  p r e s en t  work  repor ts ,  in  a d d i t i o n  to 
f u r t h e r  cha rac te r i s t i c s  of t h e  r i f ampic in  ac t iv i ty ,  t h e  
an t agon i s t i c  eff icacy of cys teamine .  Moreover ,  i t  was  
t e s t ed  w h e t h e r  o the r  d rugs  w i t h  h e p a t o t o x i c  po tenc ies  
and  w h e t h e r  a n t i d o t e s  to  t he  s lowly ac t ing  m u s h r o o m  
poison  ~-amani t in ,  would  also affect  pha l lo id in  toxic i ty .  

Methods. Female  N M R I  mice (S. I v a n o v a s ,  7964 
Kisslegg, W e s t - G e r m a n y ) ,  we igh ing  18-22 g were used 
t h r o u g h o u t  the  expe r imen t .  Pha l lo id in  was d issolved in 
dis t i l led  w a t e r  and  app l ied  in a vo lume  of 0.1 ml /10  g 
b o d y  we igh t  b y  t h e  i.p. route .  D e a t h  a f t e r  l e tha l  doses of 
phMlo id in  occur red  in genera l  w i t h i n  2-5 h a f te r  t he  
appl ica t ion .  As no  dea ths  were obse rved  l a t e r  t h a n  24 h, 
su rv iva l  was  scored a t  th i s  t ime.  

The  agen ts  to  be  t e s t ed  were d issolved i m m e d i a t e l y  
before  use in dis t i l led  w a t e r  and  appl ied  in  0.1 or 0.2 m l /  
10 g b o d y  we igh t  in  single doses a t  t he  t imes  i nd i ca t ed  in 

Table 1. Toxicity of phalloidin in NMRI mice 

Tab les  I I  and  I I I .  The  con t ro l  groups  received t he  respec- 
t ive  vo lumes  of dis t i l led w a t e r  on ly  b y  t he  co r re spond ing  
route .  The  chemica ls  used inc luded :  R i f a m p i c i n  ( 'R imac-  
t an ' ) ,  C y s t e a m i n e  (F luka  AG, CH 9470 Buchs) ,  Chlor- 
p r o m a z i n e  ( 'Largact i l ' ) ,  Penic i l l in -G ( 'Speci l l ine G'), 
A u r e o m y c i n  (Lederle, suspended  in t a p  water) ,  E r y t h r o -  
myc ine  ( 'E ry th roc in ' ) ,  C y t o c h r o m e  C ( 'Cyto-Mack ' ) ,  
Rese rp ine  ( 'Serpasi l ' ) ,  P h e n y l b u t a z o n e  ( 'Butazo l id ine ' ) ,  
' S y n t h a l i n  A'  ( D e c a m e t h y l e n e d i g u a n i d i n e  2 HC1) and  
a c t i v a t e d  charcoa l  (Carbo adsorbens ,  suspended  in t a p  
water) .  

Results. As seen f rom Tab le  I, t h e  LD50 of pha l lo id in  
a m o u n t e d  to ~ 2 . 5  m g / k g  a n d  t he  LDg0 to 3 mg/kg .  The  
drugs  were t e s t ed  aga ins t  th i s  l a t t e r  dose. R i f a m p i c i n  
p r o v i d e d  aga in  a comple te  p r o t e c t i o n  a t  b o t h  doses 
t e s t ed  of 100 a n d  300 m g / k g  (Table  I I ) .  I n  addi t ion ,  i t  was  
d e m o n s t r a t e d  t h a t  r i f ampic in  is st i l l  ac t ive  if appl ied  
24 or even  48 h pr io r  to  t he  phal lo id in .  The  p ro t ec t i on  
af forded b y  p h e n y l b u t a z o n e ,  a f te r  in t e rva l s  of 8 or 24 h, 
was  on ly  marg ina l .  S ign i f ican t  p r o t e c t i o n  was caused b y  
c y s t e a m i n e  and,  to  a lesser degree, b y  ch lo rpromaz ine .  
No s igni f ican t  a c t i v i t y  was d e m o n s t r a t e d  b y  t he  agen ts  
en te red  in Tab le  I I I .  

Discussion. F l u m e  h a d  obse rved  t h a t  n e w b o r n  r a t s  
were r e s i s t a n t  to  l e tha l  doses of pha l lo id in  5. He  ascr ibed  
t h i s  p h e n o m e n o n  to t he  i m m a t u r i t y  of d rug  me tabo l i z i ng  
enzymes  in newborns .  Based  on  th i s  a n d  o the r  6 observa-  
t ions ,  i t  was  held  l ike ly  t h a t  h e p a t o t o x i c  agen ts  such  as 
c a r b o n  t e t r ach lo r ide  exer t  t h e i r  p r o t e c t i v e  effect  b y  
d a m a g i n g  d r u g - m e t a b o l i z i n g  enzymes  a n d  t h u s  p r e v e n t i n g  
t he  t r a n s f o r m a t i o n  of pha l lo id in  to  tox ic  metabol i tes3 ,  3. 

Dose of phalloidin Proportion of mice surviving Survival( % ) 
(mg/kg, i.p.) at 24 h 

1.0 6/6 100 
2.0 4/6 67 
3.o 4/39 10 

1 TH. WIELAND, Science 759, 946 (1968). 
2 G. L. FLOERSHEIM, Biochem. Pharmae. 15, 1589 (1966). 
3 G. L. FLOERSHEIM, Helv. physiol, pharmacol. Aeta 24, 219 (1966). 
4 G. L. FLOERSHEIM, Agents Actions 2, 142 (1971). 
5 L. FIUME, Lancet J, 1284 (1965). 
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