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Increased cesium-iilduced catecholamine release from isolated 
adrenals by lidocaine, 0.1 mM 

Total catecholamine 
~zg/min above resting secretion 

Experiment Control Lidocaine 

1 78.2 119.3 
2 224 235 
3 75.6 165.7 
4 87.5 76.6 
5 24.5 36 
6 28.1 69.3 
7 92.7 119.3 
8 126.6 213.6 
Mean 92.2 129.4 

Paired glands from the sanle animal were used for each experiment. 
4 right glands and 4 left glands were used in each group. Release was 
measured during a i-rain-exposure to 56 mM Cs +. Lidocaine signifi- 
c antly enhanced release by comparison of paired differences (p < 0.05). 
Lidocaine alone has no effect on arenal catecholamine release. 
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Fig. 2. Effect of a calciunl-free medium on the response of bovine 
adrenal medulla to Rb + and Cs +. Glands were infused for 20 miri 
with calcium-free Lockes solution and then stimulated with 10 ml 
(1 rain) of Rb + or Cs + containing solution (sodium content was de- 
creased to maintain isotonicity) in the absence of calcium. 2 rain 
after the initial stimulation, calcium was added back to the medium 
and the glands were restinmlated with the same ion 18 rain later. 
4 glands were used for each ion. 

s m a l l  r e s p o n s e  is s e e n  w h e n  c a l c i u m  is a b s e n t  f r o m  t h e  
m e d i u m  ( f igure  2). T h e  r e s p o n s e  to  Cs  +, b y  c o n t r a s t  is 
g r e a t e r  w i t h o u t  c a l c i u m  in  t h e  m e d i u m  ( f igure  2): 
T h u s ,  m e c h a n i s m  of  a d r e n a l  c a t e c h o l a m i n e  r e l ea se  b y  
a lka l i  m e t a l  v a r i e s  w i t h  a t o m i c  w e i g h t .  I n  t h e  a b s e n c e  of 
e x t r a c e l l u l a r  c a l c i u m ,  t h e  l i g h t e s t  ion  K +  is i n e f f e c t i v e ,  
R b  + is s l i g h t l y  a c t i v e ,  a n d  t h e  h e a v i e s t  ion  Cs + s h o w s  
g r e a t e r  e f f e c t i v e n e s s  t h a n  in  t h e  p r e s e n c e  of  c a l c i u m .  
P o t a s s i u m  p r o b a b l y  a c t s  o n  a d r e n a l  m e d u l l a  in  t h e  c las -  
s i ca l  m a n n e r  to  d e p o l a r i z e  t h e  p l a s m a  m e m b r a n e  a n d  
a d m i t  e x t r a c e l l u l a r  c a l c i u m  i n t o  t h e  cell.  C e s i u m  as  wel l  
a s  B a  +2 m a y  a c t  i n t r a c e l l u l a r l y  s i nce  t h e s e  i o n s  a r e  m o r e  
p o t e n t  u n d e r  c o n d i t i o n s  of  i n c r e a s e d  m e m b r a n e  p e r -  
m e a b i l i t y  ( c a l c i u m - f r e e  m e d i a ) .  L i d o c a i n e  m a y  i n c r e a s e  
m e m b r a n e  ' f l u i d i t y '  o r  i n d u c e  ' p r e l y t i c '  changes~  w h i c h  
a l low i n c r e a s e d  p e n e t r a t i o n  of  B a  +2 a n d  Cs + (see ref.S). 
R u b i d i u m ' s  e f f ec t  a p p e a r s  t o  be  a m i x t u r e  of  Cs+- t ike  a n d  
K + - l i k e  a c t i o n s .  M a n y  s m a l l  m e t a l l i c  c a t i o n s  a r e  e s s e n -  
t i a l l y  i n e f f e c t i v e  as  a g o n i s t s  in  a d r e n a l  m e d u l l a ,  e.g.  
Mg+2, Co+2, Ni+2, Mn+2, Zn+2, Li+ ~,6,8, w h e r e a s  l a rge  
m e t a l l i c  c a t i o n s  l ike Hg+2 a r e  v e r y  g o o d  r e l e a s e r s  of  
a d r e n a l  c a t e c h o l a m i n e s T .  S o m e  m e t a l s  m a y  fai l  to  r e l e a se  
b e c a u s e  t h e y  c a n n o t  a c t i v a t e  t h e  s e c r e t o r y  a p p a r a t u s  9. 
O t h e r  i o n s  e.g.  B a  +2, Cs+ a n d  p o s s i b l y  Sr  +2 9, m a y  fai l  to  
r e l e a se  o r  r e l ea se  r e l a t i v e l y  s m a l l  a m o u n t s  b e c a u s e  t h e y  
c a n n o t  p e n e t r a t e  wel l  i n t o  a d r e n o m e d u l l a r y  cells.  P l a s m a  
m e m b r a n e  s u r f a c e s  of  a d r e n o m e d u l l a r y  cel ls  m a y  c a r r y  
w e a k  f i x e d  n e g a t i v e  c h a r g e s  w h i c h  w o u l d  f a v o u r  p e n e t r a -  
t i o n  of  i o n s  of low c h a r g e  d e n s i t y  10. 

8 P. Seeman, Pharmac. Rev. 24, 583 (1972). 
9 W. Douglas and R. Rubin, J. Physiol. 175, 231 (1964). 
10 J. Diamond and E. Wright, Ann. Rev. Physiol. 31, 581 (1969). 

P o s s i b l e  ro l e  of G A B A  in  the  d e v e l o p m e n t  of t o l e r a n c e  to  a l c o h o l  1 
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Summary. R a t  c e r e b e l l a r  G A B A  leve ls  w e r e  r e d u c e d  fo l l owing  2 w e e k s  a l c o h o l  a d m i n i s t r a t i o n .  A n i m a l s  a l so  ex -  
h i b i t e d  a l c o h o l  t o l e r a n c e  w i t h  a n  a i r  r i g h t i n g  re f lex .  T h i s  t o l e r a n c e  w a s  m i m i c e d  b y  p i c r o t o x i n  a d m i n i s t r a t i o n  in  c o n t r o l  
a n i m a l s  a n d  w a s  r e d u c e d  in  a n i m a l s  c h r o n i c a l l y  a d m i n i s t e r e d  a l c o h o l  b y  a m i n o o x y a c e t i c  ac id .  

A c u t e  e x p o s u r e  to  e t h a n o l  a p p e a r s  to  h a v e  a v a r i a b l e  
e f f ec t  o n  c e n t r a l  n e r v o u s  s y s t e m  G A B A  ( g a m m a  a m i n o  
b u t y r i c  ac id)  leve ls .  B o t h  i n c r e a s e s  24 a n d  d e c r e a s e s  4,5 in  
t h e  l eve l  of  t h i s  p u t a t i v e  t r a n s m i t t e r  h a v e  b e e n  r e p o r t e d .  
C h r o n i c  a l c o h o l  a d m i n i s t r a t i o n  m o r e  g e n e r a l l y  c a u s e s  a 
r e d u c t i o n  in  G A B A  leve l s  a, a n d  s u c h  a r e d u c t i o n  is g r e a t -  
e s t  a t  t h a t  t i m e  w h e n  t h e  s i g n s  of  a l c o h o l  w i t h d r a w a l  a re  
m o s t  s e v e r e  6. D r u g s  t h a t  i n c r e a s e  b r a i n  G A B A  leve l s  
r e d u c e  a l c o h o l  w i t h d r a w a l  c o n v u l s i o n s  7. T h e  p r e s e n t  
c o m m u n i c a t i o n  d e a l s  w i t h  t h e  q u e s t i o n  of w h e t h e r  o r  n o t  
G A B A  is i n v o l v e d  in  a l c o h o l  t o l e r a n c e .  T h e  a i r  r i g h t i n g  
r e f l ex  w a s  u s e d  as  t h e  t e s t  p r o c e d u r e  as  i t  i n v o l v e s  a 

c e r e b e l l a r  c o m p o n e n t ,  w h i c h  i n c l u d e s  G A B A e r g i c  n e u -  
r o n e s  s. 
Materials and methods. M a l e  S p r a g u e - D a w l e y  r a t s ,  200 g 
(CD o u t b r e d ,  C h a r l e s  R i v e r s  B r e e d i n g  L a b s . ,  Inc., W i l -  
m i n g t o n ,  MA.)  we re  d i v i d e d  i n t o  3 g r o u p s .  T h e  c o n t r o l  
g r o u p  w a s  fed  u n s u p p l e m e n t e d  P u r i n a  l a b  c h o w  m e a l  a n d  
w a t e r  a d  lib. T h e  a l c o h o l  g r o u p  w a s  fed  one  h a l f  t h e  m e a n  
w e i g h t  of  food  c o n s u m e d  b y  t h e  c o n t r o l  a n i m a l s ,  a n d  1 0 %  
e t h a n o l  w a s  t h e i r  o n l y  s o u r c e  of  d r i n k i n g  w a t e r .  T h e  
g l u c o s e  g r o u p  w a s  fed  t h e  s a m e  a m o u n t  of  m e a l  a s  t h e  
a l c o h o l  g r o u p ,  w a s  g i v e n  a g l u c o s e  s o l u t i o n  i s6ca lor ic  
w i t h  t h e  m e a n  d a i l y  a l c o h o l  c o n s u m p t i o n  of  t h e  a l c o h o l  
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Rat cerebellum GABA levels following 2 and 4 weeks on the ex- 
perimental protocol 

GABA (~g/mg protein) 
Control Glucose Alcohol 

2 weeks 1.58 ~ 0.18 1.24 • 0.17 0.99 ~_ 0.04* 
4 weeks 1.42 i 0.11 1.36 • 0.07 1.00 cc 0.11",** 

Mean =L SEM values (N = 5 or 6). *Significantly different from 
control, p < 0.02. ** Significantly different from glucose, p < 0.02. 
Statistical evaluation performed using the Student t-test. 

g roup ,  a n d  w a s  g iven  w a t e r  ad  lib. A n i m a l s  were  t e s t e d  
for  the i r  ab i l i t y  to  r i g h t  t h e m s e l v e s  w h e n  d r o p p e d  f r o m  
an  i n v e r t e d  pos i t ion .  I n  ref lex t e s t i n g  e x p e r i m e n t s  e tha -  
nol  w a s  g iven  b y  s t o m a c h  tube ,  whi le  all o t h e r  d r u g s  were  
a d m i n i s t e r e d  s.c.  B lood  a lcohol  levels were  m e a s u r e d  
u s ing  an  a lcohol  d e h y d r o g e n a s e  k i t  m e t h o d  (California 
B iochemica l  Corp. ,  La  Jol la ,  CA.) Ce rebe l l um G A B A  
levels were  also m e a s u r e d  in a n i m a l s  f r o m  these  3 g roups ,  
b u t  w i t h o u t  a d d i t i o n a l  a lcohol  a d m i n i s t r a t i o n .  A n i m a l s  
were  d e c a p i t a t e d  in m i d - m o r n i n g  a n d  the i r  h e a d s  im-  
m e d i a t e l y  i m m e r s e d  in l iquid n i t rogen .  T h e  ce r ebe l l um 
w a s  d issec ted  f rozen  and  h o m o g e n i z e d  in 9 v o l u m e s  ice 
cold wa te r ,  fo l lowing  w h i c h  1/4 v o l u m e  of 2 M perch lor ic  
acid w a s  a d d e d  and  s a m p l e s  were  c leared b y  c e n t r i f u g a t i o n  
(50,000 • g for  30 min) .  E a c h  s u p e r n a t a n t  w a s  app l i ed  to  
1 ml  of D o w e x  50 (H+) (6 m m  d i a m e t e r  co lumn)  fol lowed 
b y  8 ml  w a t e r  and  1 ml  1 M N H 4 O H .  The  G A B A ,  e lu ted  
in t he  n e x t  5 ml  of 1 M N H 4 O H ,  was  lyophi l ized  and  re- 
d i sso lved  in w a t e r  and  a s s a y e d  b y  the  G a b a s e  cell-free 
s y s t e m "  ( W o r t h i n g t o n  B iochemica l  Corp. ,  F reeho ld ,  N. J .). 
G A B A  va lue s  were  n o r m a l i z e d  to  m g  p r o t e i n  10 a n d  cor-  
r ec ted  for  loss of r e c o v e r y  us ing  t r ace  a m o u n t s  of [14C] 
G A B A  added  to  t he  ini t ial  h o m o g e n a t e s .  Of severa l  m e t h -  
ods  of e x t r a c t i o n  t r ied  th i s  p r o v i d e d  g r e a t e s t  r e p r o d u c -  
ibi l i ty .  

Results .  Chron ic  a lcohol  a d m i n i s t r a t i o n  r e su l t ed  in t he  
d e v e l o p m e n t  of t o l e r ance  as  m e a s u r e d  b y  t h e  air  r i g h t i n g  
re f lex  (f igure 1), a n d  c aused  a s ign i f i can t  r e d u c t i o n  in 
c e r e b e l l u m  G A B A  levels (table).  A t  2 weeks  the  d i f ference  
b e t w e e n  glucose  a n d  a lcohol  g r o u p  G A B A  levels w a s  n o t  
s t a t i s t i c a l l y  s igni f icant .  W e  t e s t e d  the  air  r i g h t i n g  ref lex  
of a n i m a l s  t h a t  h a d  n e v e r  been  e x p o s e d  to  alcohol ,  be fore  
a n d  a f t e r  r ece iv ing  e t h a n o l  v ia  s t o m a c h  t ube .  W h e n  picro-  
t ox in ,  an  i n h i b i t o r  of G A B A  ac t iv i ty ,  w a s  a d m i n i s t e r e d  
30 m i n  a f t e r  the  alcohol ,  t he  a n i m a l s  s h o w e d  a m a r k e d  
i m p r o v e m e n t  in the i r  r i g h t i n g  ab i l i ty  (f igure 2A). 2 sub -  

1 This work was supported in part by a grant awarded under 
Public Law 93 282, Division of Addiction Services, Indiana 
Department of Mental Health, Indianapolis, Indiana, USA, 
Patrick J. V. Corcoran, M. D., principal investigator. 

2 H.M. Hakkinen and E. Kulonen, Biochem. J. 78, 588 (1961). 
3 I .A .  Sytinsky, B. M. Guzikov, M. V. Gomanko, V. P. Eremin 

and N. N. Konovalova, J. Neurochem. 25, 43 (1975). 
4 E .R .  Gordon, Can. J. Physiol. Pharmac. 45, 915 (1967). 
5 E .S .  Higgins, Biochem. Pharmae. 11, 394 (1962). 
6 G.J .  Patel and H. Lal, J. Pharmae. exp. Ther. 185, 625 (1973). 
7 D.B.  Goldstein, J. Pharmac. exp. Ther. 186, 1 (1973). 
8 K. Obata, Int. Rev. Neurobiol. 75, 167 (1972). 
9 E.M. Scott and W. R. Jacoby, J. biol. Chem. 234, 932 (1959). 
10 O.H.  Lowry, N. J. Rosebrough, A. l.. Farr and R. J. Randall, 

J. biol. Chein. 193, 265 (1951). 
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Fig. 1. Height required for animals to accomplish a complete air Fig. 2. Height required for air righting reflex completion, plotted as 
righting reflex, plotted as a function of the plasma alcohol con- a function of the time after ethanol administration. A 500 g rats, 
eentration at the time of testing. Regression lines for control and not previously exposed to alcohol, were given 1 ml 20% ethanol/ 
glucose group animals represent data pooled from both 2- and 100 g by intubation at 0 time, and saline or 3.3 [zinoles/kg piero- 
4-week treated animals. Alcohol group animals had a mean daily toxin s.c. at 30 min. B Animals previously given alcohol for 2 weeks 
alcohol consumption of 8.5 and 9.0 g/kg at 2 and 4 weeks respec- were given saline or 0.2 or 0.4 mingles AOAA/kg 3 h prior to ad- 
tively, ministration of 1 nil 12% ethanol/100 g. Mean • SEM values 

(N 5-8). 
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convuls ive  doses of s t rychnine  were also employed.  W i t h  
this  drug  general ized moto r  exc i tab i l i ty  increased, bu t  
unlike wi th  p ic ro toxin  the  r ight ing coord ina t ion  remained  
poor. A no the r  group of animals  was kep t  on the  alcohol 
regime for 2 weeks to develop tolerance.  Animals  were 
no t  al lowed access to alcohol for 4 h pr ior  to test ing,  bu t  
were given e thanol  by  in tuba t ion  immedia te ly  prior  to 
tes t ing.  Some of these animals  were given the  GABA 
t r ansaminase  (E.C. 4.1.1.15) inhibi tor  AOAA (amino- 
oxyacet ic  acid) 3 h before test ing.  Pr ior  to being given 
ethanol ,  t r ea t ed  animals  were selected so t h a t  a group was 
ob ta ined  t h a t  was able to r ight  themse lves  as well as the  
non - t r ea t ed  control  animals.  As i l lus t ra ted in figure 2B 
the  AOAA- t r ea t ed  animals  were more adverse ly  affected 
by  the  admin is te red  alcohol as judged  by  this  motor  test .  
Discussion. By 2 weeks the  mean  cerebel lum GABA level 
in the  alcohol group was s ignif icant ly  d i f ferent  f rom t h a t  
of the  contro l  group, and by  4 weeks th is  s ta t is t ica l ly  
s ignif icant  difference was also observed be tween  the  al- 
cohol group and glucose group values. The lack of a 
s ta t is t ica l ly  s ignif icant  difference be tween  the  2-week al- 
cohol and glucose values was p robab ly  because the  glu- 
cose group GABA level values were consis tent ly ,  bu t  non-  
significantly,  lower t h a n  the  contro l  group values a t  the  
same t ime period.  This m a y  suggest  a nu t r i t iona l  effect  
on bra in  GABA levels. Such a nu t r i t iona l  effect  could 
have  been  re la ted to the  shif t  of the  die t  towards  a grea ter  
p ropor t ion  of ca rbohydra te ,  and an associated change in 
precursor  metabol ic  pools fed by  glucose and amino acids 11 
By 2 weeks the  alcohol group animals  had also developed 
tolerance,  as d e m o n s t r a t e d  wi th  the  r ight ing reflex. There  
was a s ignif icant  difference in the  he igh t  required for 
r ight ing  be tween  the  2-week alcohol and glucose animals,  

even t h o u g h  the  difference be tween  their  mean  cerebellum 
GABA levels was no t  s ignif icant  a t  this  t ime period. Wi th  
this  except ion  it can be said t h a t  a depression in cerebel lum 
GABA levels accompanied  the  d e v e l o p m e n t  of alcohol 
tolerance by  this  reflex. H o w ev e r ,  no cause and effect  
re la t ionship  can be concluded f rom these  data .  A reduct ion  
in neuronal  GABA levels would con t r ibu te  to the  devel-  
o p m e n t  of tolerance by  reducing cent ra l  inhibi t ion,  t h e r eby  
compensa t ing  for the  depressan t  effect  of the  alcohol. 
A t t e m p t s  to correlate  brain  GABA levels w i th  exci tabi l i ty  
general ly  have  var iable  success 12, pe rhaps  because GABA 
levels per  se do no t  d is t inguish between t r a n s m i t t e r  syn- 
thesis, release and restorage,  or degradat ion ,  or whe the r  
the  brigin is neuronal  or glial. We found t h a t  a drug t h a t  
interferes  wi th  GABA neurone  act iv i ty ,  picrotoxinla,  mi- 
miced tolerance,  while a drug  k n o w n  to increase bra in  
GABA levels, AOAA 14, reduced to lerance t h a t  had a l ready 
developed.  These da t a  could be in t e rp re t ed  as being 
mani fes ta t ions  of the  general ized depressan t  qualit ies of 
endogenous  GABA, or t h e y  could be in t e rp re t ed  as indi- 
rec t ly  suppor t ing  the  view t h a t  alcohol to lerance devel-  
o p m e n t  involves a reduct ion  in bra in  GABA levels, w i th  
an a t t e n d a n t  reduct ion  in inhib i t ion  or disfacil i tat ion.  The 
ap p a ren t  specifici ty of the  p ic ro toxin  effect  compared  to 
the  act ion of s t rychn ine  favours  the  la t te r  explanat ion.  

11 R. Bal~tzs, A. J. Patel and D. Richter, in: Metabolic Compart- 
inentation in the Brain, p. 167. Ed. R. Balfizs and J. E. Cremer. 
Macmillan Press, London 1973. 

12 J .D.  Wood and S. J. Peesker, J. Neurochem, 23, 703 (1974). 
13 S. Bisti, G. Iosif and P. G. Strata, Brain Res, 28, 591 (1971). 
14 D.P. Wallach, Biochem. Pharmac. 5, 323 (1961). 

H y p e r t r o p h y  of p u l m o n a r y  ar ter ie s  and ar ter io l e s  w i t h  cor  p u l m o n a l e  in rats  induced  by 
s enec iphy l l ine ,  a pyrro l i z id ine  a lka lo id  

K. Ohtsubo,  Y. Ito, M. Saito, T. F u r u y a  and  M. Hikichi  

Department o/ Carcinogenesis and Cancer Susceptibility, Institute o/ Medical Science, University o/ Tokyo, Shirokanedai 
Minato-ku, Tokyo 708 (Japan), and School o/ Pharmaceutical Science, Kitasato University, Shirokanedai Minato-ku, 
Tokyo 708 (Japan), 3] August 7976 

Summary. Seneciphyll ine,  one of the  hepa to tox ic  pyrol izidine alkaloids, induced,  as do also monoclotal ine,  etc., a 
marked  ar ter ia l  and ar ter iolar  h y p e r t r o p h y  of the  lung of young Wis t a r  ra ts  a m o n t h  af ter  a single s. c. injection of 
50-80 mg/kg.  Cor pu lmonale  wi th  lef tward shif t  of the  vent r icu la r  s e p t u m  was also noted.  

Recen t ly  seneciphyll ine,  m.p.  216~ iel~l~ -134 ~ 
(CHCla), has  been isolated f rom the  roots  ot Japanese  
Senecio cannabifol ius  Less (Japanese  name : Hangonso)  in 
large con t en t  using silica gel co lumn c h r o m a t o g r a p h y  1. 
Seneciphyl l ine  has been known as one of the  hepa to -  
toxic pyrrol iz idine alkaloids 2 and  found in a wide va r i e ty  
of p lan ts  of Senecio and  Crotalaria  species a. Some pyr-  
rolizidine der ivat ives ,  such as monocro ta l ine  and re- 
t rorsine,  have  been known to cause, besides the  liver 
injury,  cor pulmonale ,  occasional ly accompanied  by  pul- 
m o n a r y  ar ter i t i s  and arter iol i t is  when  fed per  os4, 5 as 
well as single 6 or successive 5 injections.  The .p re sen t  pre- 
l iminary  expe r imen t  showed t h a t  seneciphyll ine can also 
i n d u c e  p u l m o n a r y  changes  wi th  cor pu lmonale  in rats,  
s imilar  to  those  caused by  monocrota l ine .  Al though  the  
n u m b e r  of animals  used was small,  p u l m o n a r y  and car- 
diac lesions were convincing.  

Materials and methods. 16 male Wis ta r  ra t s  (Nihon R a t  
Co., Tokyo) of 4 weeks old (40-50 g) were used. They  
were caged in pairs  in a sc reen-bo t tom cage and fed 

commercia l  pel let  food (CE-II,  Clea J a p a n  Co.) and  
water  ad l ibi tum. Seneciphyll ine solution was p repa red  
by  dissolving it in 1 N HC1, d i lu t ing and t h e n  neutra l iz ing 
wi th  0.5 N N a O H  jus t  before use;  it  was injected s.c. 
into the  in terscapular  region (table). The animals  were 
autops ied  as soon as t h e y  were sacrificed or found dead.  
Af ter  gross examina t ion ,  the  hear t ,  lungs a n d  liver were 
f ixed in 10~o neut ra l  buffered formalin,  embedded  in 
paraffin,  cut  and s ta ined wi th  hema toxy l in  and eosin. 
Special s ta inings  were used when  required.  
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