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whi l s t  t h e  low dose h a d  no  n u m e r i c a l  effect,  t hese  cells 
were a l m o s t  doub led  b y  t h e  h i g h  dose especia l ly  f rom 
15 weeks.  
T y p e  I e p i t h e l i u m  (figure 1, b) u n d e r w e n t  no q u a l i t a t i v e  
changes  b u t  cells b e c a m e  more  n u m e r o u s  in longer-  
su rv iv ing ,  h igh-dose  mice.  I f  t y p e  I cells are  de r ived  
f rom t y p e  I I  5, a u g m e n t a t i o n  of the  fo rmer  m a y  mere ly  
ref lec t  t h e  s i t u a t i o n  w i t h  r e spec t  to  t h e  l a t t e r .  E n d o -  
the l i a l  cells of i r r a d i a t e d  mice  in  e i the r  g roup  showed  no  
q u a n t i t a t i v e  or  a p p a r e n t  q u a l i t a t i v e  a b n o r m a l i t y .  
Discussion. T h e  o b s e r v a t i o n s  p o i n t  to  t y p e  I I  e p i t h e l i u m  
as t h e  p r i m e  sufferer  f rom pro longed  c o n t a c t  w i t h  p lu to -  
n i u m  emissions.  V a c u o l a t i o n  of osmiophi l ic  l ame l l a r  
bodies  ha s  b e e n  n o t e d  a f t e r  e x t e r n a l  app l i ca t i on  of 
X - r a y s  e or 60Co i r r a d i a t i o n  v, b u t  n o t  to  t he  s ame  degree  

Plutonium induced changes in alveolar cells 

Quantitative Qualitative 
Low dose High dose Low dose High dose 

Type II 
epithelium + +  + +  + - > + +  + + - + + + + +  
Type I 
epithelium nil + + nil nil 
Alveolar 
macrophages nil + + + + + + + + -++ + + + 
Interstitial 
cells nil + + + + nil nil 

as in t h e  p r e s e n t  p l u t o n i u m  Sthd3~. Such  changes  were  
n o t  recorded  in a s t u d y  of t h e  effects  of *3oPuO2 inha la -  
t i on  s. Our  u l t r a s t r u c t u r a l  ev idence  suggests  a sequence  
of events ,  t y p e  I I  cells r e ac t i ng  b y  p ro l i fe ra t ion  a n d  
p r o b a b l y  b y  a u g m e n t e d  Secretory ac t iv i ty .  W h e t h e r  t h e  
surface  p rope r t i e s  of t he se  lungs  a n d  t h e i r  c apac i t y  for  
par t ic le  e l i m i n a t i o n  are  a f fec ted  and  w h e t h e r  t h e  la te  
phase  of t y p e  I I  r e g e n e r a t i o n  m a y  progress  to  neop las i a  
r e m a i n  to  be  d e t e r m i n e d .  
The  n u m b e r  a n d  c o n t e n t s  of a lveo la r  m a c r o p h a g e s  rose 
n o t a b l y  in mice  s u r v i v i n g  t h e  h igh-dose  for longer  
periods,  as d id  t he  p o p u l a t i o n  of i n t e r s t i t i a l  cells, whose  
m i g r a t i o n  e v i d e n t l y  serves  to  replace  a lveo la r  mac ro -  
phages  t h a t  d i s in t eg ra t e  u n d e r  t h e i r  load  or are ca r r i ed  
p r o x i m a l l y  b y  c i l iary  ac t iv i ty .  Desp i te  t h e  inges t ion  of 
or p r o x i m i t y  to  p l u t o n i u m  par t ic les ,  m a c r o p h a g e s  r e t a i n  
t h e i r  p h a g o c y t i c  c a p a c i t y  a n d  are m u c h  less suscep t ib le  
to  t h e  effects  of i r r ad i a t i on  t h a n  t y p e  I I  cells. F ibros i s  was  
n o t  a fea ture .  
The  t ime-dose  r e l a t i onsh ip  of t h e  cel lular  even t s  is epi to-  
mized  in t h e  t ab le .  T y p e  I I  cells r eac t  to  a wide v a r i e t y  of 
i r r i t a n t s  and,  a l t h o u g h  n o t  necessar i ly  specific, t he  fea- 
tu res  now descr ibed  a p p e a r  to  be  a p a r t i c u l a r  consequence  
of i r r ad i a t i on  especia l ly  b y  p l u t o n i u m .  
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g ian t  n e u r o n e  of an Afr i can  g iant  sna i l  (Achatina ]ulica F 6 r u s s a c )  

H. T a k e u c h i  a n d  A. Saka i  1 

Department of Neurochemistry, Institute for Neurobiology, Okayama University Medical School, Ohayama (Japan), 
17 March 1977 

Summary. L - P h e - L - T y r  a n d  L - L y s - L - P h e - L - T y r  showed  a m a r k e d  i n h i b i t o r y  ef fec t  (not  ch lo r ide -dependen t )  on  t h e  
exc i t ab i l i t y  of a n  iden t i f i ab le  g i an t  neu r one  ( the  TAN)  of A c h a t i n a  ful ica  F6russac ,  whi le  L -Tyr -L-phe ,  L -Tyr -L-Tyr ,  
L - P h e - L - P h e ,  L - L y s - L - P h e  a n d  Z - L - P h e - L - T y r  (Z-: ca rbobenzoxy)  h a d  no  effect. 

I n  a p r e v i o u s  p a p e r  ~, a m a r k e d  i n h i b i t o r y  effect  of a 
t r i p e p t i d e  (L-Lys -L-Phe-L-Tyr ) ,  p roduced  as a f r a g m e n t  
of p h y s a l a e m i n  (a h y p o t e n s i v e  e n d e c a p e p t i d e  f rom a n  
A m p h i b i a n  sk in  8, 4), on  t h e  exc i t ab i l i t y  of a g i a n t  n e u r o n e  
( the  TAN,  t on i ca l l y  a u t o a c t i v e  neurone) ,  iden t i f i ed  in 
t h e  suboesophagea l  gang l ia  of A c h a t i n a  ful ica  F6russac ,  
was  r epor t ed .  I n  t h e  p r e s e n t  s tudy ,  t h e  effect  of d ipep t ides  
a n d  t r ipep t ides ,  s t r u c t u r a l l y  r e l a t ed  to  L , L y s - L - P h e - L -  
Tyr ,  was  e x a m i n e d  on  t h e  s ame  neurone ,  to  d e t e r m i n e  t h e  
essen t ia l  s t r u c t u r e  of  t he se  subs t ances  to  p r oduce  t he  
i n h i b i t o r y  effect.  
Material and methods. T h e  e x p e r i m e n t a l  m a t e r i a l  used  
a n d  t h e  e lec t rophys io logica l  m e t h o d s  e m p l o y e d  h a v e  
b e e n  precise ly  desc r ibed  in p rev ious  papersS-L  T he  T A N  
( tonica l ly  a u t o a c t i v e  neurone)  of A c h a t i n a  ful ica  is 
exc i ted  b y  5 - h y d r o x y t r y p t a m i n e  a n d  p h y s a l a e m i n  a n d  
i n h i b i t e d  b y  dopamine ,  G A B A  a n d  ace ty lchol ine .  Most  
d ipep t ides  a n d  t r i p e p t i d e s  e x a m i n e d  in t h e  p r e s e n t  s t u d y  
( table)  were  o b t a i n e d  commerc ia l ly .  I n  o rder  to  d e t e r m i n e  
w h e t h e r  t h e  i n h i b i t i o n  caused  b y  some pep t i de  is de-  
p e n d e n t  on  chlor ide  ions,  t h e  i n h i b i t o r y  p e p t i d e  was  t e s t e d  

in  t he  chlor ide  free condi t ion .  To r e m o v e  t he  chlor ide  
ions f rom t h e  ex t race l lu la r  f lu id  of t he  dissected gangl ia ,  
t h e  i so tonic  a ce t a t e  (chlor ide free) so lu t ion  was con-  
t i n u o u s l y  pe r fused  a r o u n d  t h e  gangl ia  for a t  leas t  15 min.  
Results and discussion. E x p e r i m e n t a l  resu l t s  o b t a i n e d  
are s u m m a r i z e d  in t h e  t ab le .  L - L y s - L - P h e - L - T y r  a n d  
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Effects of oligopeptides on the excitability of an identifiable giant neurone (the TAN, tonically autoactive neurone) of Achatina fuliea F6russac 
(bath ai)plication in the physiological state) 

Substance Effect on TAN Examined concentration 

1 L-Lys-L-Phe"L-Tyr ~ I 5 • 10 -e ,~ 10 -5 kg/l* (1.1 • 10 -5 ,~ 2.2 • 10 -5 M*) 
2 L-Phe-L-Tyr b t 5 • 10 ~ ~ 10 -5 kg[l* {1.5 • 10 -5 ~ 3.0 • 10 -5 M*) 
3 Z - L - P h e - L J T y r  ~ (-) 10 .4 kg/1 (2.2X i0 -4 M) 
4 Z-L-LyS (Z)-L,Phe-L-Tyr= I 2 • 10 .5 kg/l (2.6 • 10 -5 M) 
5 L - T y r - L - P h e  a (-) 2 • 10 .4 kg/1 (6.1 • 10 -4 M) 
6 L-Lys-L-Phe a (-) 2 • 10~ 4 kg/1 (6.8 • 10 ~4 M) 
7 L - P h e - L - P h e  a (-) 2 • 10 -4 kg/l (6.4 x 10 -4 M) 
8 L-Tyr-L-Tyr a (-) 2 • 10 "4 kg/1 (5.8 • 10 -4 M) 
9 L - P h e - L - P h e - L - P h e  a (-) 2 • 10 -4 kg/1 (4.4 x 10 -4 M) 

10 L - T y r - L - T y r - L - T y r  a (-) 2 • 10 .4 kg/l (3.9 • 10 -4 M) 
11 L-Phe-Gly r (-) 2 x 10 .4 kg/l (9.0 x 10 -4 M) 
12 L-Tyr-GIy a (-) 2 • 10 -4 kg/1 (8.4 • 10 -4 M) 
13 Gly-L-Phe a (-) 2 • 10 .4 kg/l (9.0 • 10 -4 M) 
14 Gly-L-Tyr a (-) 2 • 10 -4 kg/I (8.4 • 10 ~4 M) 

I, Inhibitory effect; (-), no effect. * Critical concentrations to produce the effect. Z-, Carbobenzoxy-; Z-L-Lys(Z)-, L-2,6-dicarbobenzoxyamino 
hexanoyl. =Donated by Dr A. Inoue of Daiichi Pharmaceutical; b product of Bachem Inc., California (USA); ~ of Protein Research 
Foundation, Osaka; aproduct of Sigma Chemical (USA). 

L - P h e - L - T y r  s h o w e d  a n  i n h i b i t o r y  ef fec t  on  t h e  T A N  ex-  
c i t ab i l i ty .  T h e  i n t e n s i t y  of  t h e i r  e f fec t  is a l m o s t  i den t i ca l ;  
c r i t ica l  c o n c e n t r a t i o n s  w h i c h  p r o d u c e  t h e  effect  ( b a t h  
app l i ca t ion )  were  a b o u t  5 • 10 -e ,-~ 10 -5 kg/1 (1.1 • 10 -s  ,-, 
2.2 X 10 -5 M for  L - L y s - L - P h e - L - T y r ;  1.5 X 10 -5 ~ ,  3.0 • 
10 -5 M for  L - P h e - L - T y r ) .  O n  t h e o t h e r  h a n d ,  L - T y r - L - P h e ,  
L - L y s - L - P h e ,  L - P h e - L - P h e ,  L - T y r - L - T y r ,  etc.  h a d  no  
ef fec t  a t  2 x l 0  -~ kg/1. W h i l e  Z - L - P h e - L - T y r  (Z: c a r bo -  
b e n z o x y )  h a d  no  ef fec t  o n  t h e  T A N  a t  10 -4 kg/1, 
Z - L - L y s ( Z ) - L - P h e - L - T y r  (Z -L-Lys (Z) - :  L -2 ,6  d i ca r bo -  
b e n z o x y a m i n o  h e x a n o y l )  ( s l igh t ly  so lub le  in t h e  sna i l ' s  
p h y s i o l o g i c a l  so lu t i on  s) s h o w e d  a n  i n h i b i t o r y  effect,  t h e  
i n t e n s i t y  of  w h i c h  w a s  w e a k e r  t h a n  t h o s e  of t h e  2 inh ib i -  
t o r y  p e p t i d e s  m e n t i o n e d  above .  I n  f igu re  1, t h e  i n t e n s i t y  
of  t h e  ef fec t  of t he se  p e p t i d e s  is c o m p a r e d .  

F i g u r e  2A d e m o n s t r a t e s  t h a t  t h e  m i c r o d r o p  a p p l i c a t i o n  
of  L - P h e - L - T y r  of  a b o u t  260 p g  to  t h e  T A N  su r f ace  
a l m o s t  i m m e d i a t e l y  h y p e r p o l a r i z e d  t h e  T A N  n e u r o -  
m e m b r a n e  a n d  ceased  t h e  sp ike  d i s cha rges  in t h e  p h y s i o -  
logical  s t a t e .  T h e  b i o p o t e n t i a t  c h a n g e s  c a u s e d  b y  t h e  
d i p e p t i d e  r e c o v e r e d  c o m p l e t e l y  s eve ra l  m i n u t e s  a f t e r  t h e  
app l i ca t i on .  T h e  i n h i b i t o r y  effect  of t h e  d ipep t ide  
( m i c r o d r o p  app l i ca t ion )  w a s  a l so  d e m o n s t r a t e d  e v e n  in  
t h e  i so ton ic  a c e t a t e  (chlor ide free) so lu t i on  (f igure 2 ]3). 
T h e  effect  of  L - P h e - L - T y r  m a y  be  due  to  h y p e r p o l a r i z i n g  
d i r ec t ly  t h e  T A N  n e u r o m e m b r a n e ,  s ince t h e  local  (micro-  
d rop)  a p p l i c a t i o n  of t h e  d i p e p t i d e  s h o w e d  t h e  effect.  T h e  

8 H. Takeuchi ,  T. Morimasa, M. Kohsaka, j .  Kobayashi and 
F. Morii, C. r. Soc. Biol., Paris 167, 598 (1973). 
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Fig. 1. Inhibitory effect of oligopeptides consisting of aromatic amino acids on the TAN (tonically autoactive neurone) excitability (bath 
application). 3 traces were recorded continuously. Ordinate, the number of spike discharges per rain. Abscissa, the time course, each histogram 
is 1 min. 6.1 • 10 -5 M (2 • 10 -5 kg/1) L-Phe-L-Tyr, 4.4 • 10 -5 M (2 • 10 -5 kg/1) L-Lys-L-Phe-L-Tyr,l.5 • 10 -5 M (5 • 10 -6 kg/1) L-Phe-L-Tyr, 
1.1 • 10 -5 M (5 • 10 -e kg]l) L-Lys-L-Phe-L-Tyr, 2.6 • 10 -5 M (2 • 10 -5 kg/1) Z-L-Lys (Z)-L-Phe-L-Tyr (Z-L-Lys (Z)- : L-2,6-dicarbobenzoxy- 
amino hexanoyl), 2.2 • 10 -4 M (10 -4 kg/1) Z-L, Phe-L-Tyr (Z-: carbobenzoxy), 3.9 • 10 -4 M (2 x 10-4 kg/1) L-Tyr-L-Tyr-L-Tyr, 6.1 • 10 -4 M 
(2 • 10 -4 kg/1) L-Tyr-L-Phe, 6.4 • 10 -4 M (2 • 10 -* kg/1) L-Phe-L-Phe and 5.8 • 10 -4 M (2 • 10 -4 kg/1). L-Tyr-L-Tyr were applied respectively. 
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A 

B 

TAN 
(in physiot ) 

? L-Phe-Tyr 

I 
3 0 s e c  " 

t5X10"3M ~0.1 mm 

(in C[free :Acetate) (2e:~) 

IIIIIIIIIIIII!II!!IIIIIIIL  I 1 
I L-Pne-Tyr 1.SXlO-3M #0.1mm(260pg) 

Fig. 2. Effect of L-Phe-L-Tyr on the TAN biopotential in both 
physiological state (A) and chloride-free medium (B) (microdrop 
application). The upper traces of A and B are full-spike recordings 
of the PON biopotential by a pen-writing galvanometer. The lower 
traces of A and B are high amplification recordings of the upper 
traces (spike peaks have been cut by an electronic voltage clipper). 
In both physiological state (A) and chloride-free medium (after the 
perfusion of the isotonic acetate [chloride free] solution for at least 
15 min) (B), a microdrop (100 Izm in diameter) of 1.5 • -3 M 
(5 • 10 -4 kg]l) L-Phe-L-Tyr solution (the total amount of the di- 
peptide estimated to be about 260 pg) was applied on the TAN 
surface (arrow). Upper vertical bar, calibration for the upper traces 
(50 mV). Lower vertical bar, calibration for lower traces (20 mV). 
Horizontal bar, the time course (30 sec). 

T A N  i n h i b i t i o n  caused  b y  t h e  d ipep t ide  is n o t  d e p e n d e n t  
on  t h e  p e r m e a b i l i t y  increase  of t h e  n e u r o m e m b r a n e  to  
chlor ide  ions, s ince t h e  p resence  of ch lor ide  ions  in  t he  
m e d i u m  is n o t  necessa ry  for  t h e  d ipep t ide  to show t h e  
i n h i b i t o r y  effect.  
I t  was  p rev ious ly  r epor t ed*  t h a t  each  a m i n o  acid,  of 
w h i c h  t h e  i n h i b i t o r y  pep t i de s  m e n t i o n e d  consis t ,  h a d  
no  effect  on  t he  TAN.  Of t he  subs t ances  e x a m i n e d  in t h e  
p r e s e n t  s tudy ,  therefore ,  L - P h e - L - T y r  is t h o u g h t  to  be  
t h e  essen t ia l  s t r u c t u r e  for p r o d u c i n g  t he  effect. A l t h o u g h  
we can  ci te  t h e  p ionee r ing  works  of K a k i m o t o  e t  al. 10,11 
on  t h e  p resence  of g l u t a m y l  d ipep t ides  in  t he  m a m m a l i a n  
b ra in ,  ye t ,  in  general ,  t h e  p resence  a n d  t h e  role of 
o l igopept ides  in  t he  n e r v o u s  t i ssue  r e m a i n s  obscure .  W e  
propose  t h e  poss ib i l i ty  t h a t  t h e  i n h i b i t o r y  effect  of 
L - P h e - L - T y r  on  t he  T A N  m i g h t  be  physiological ,  t h e  
d ipep t ide  a c t i n g  p e r h a p s  as a n e u r o t r a n s m i t t e r  or  as a 
s t r u c t u r a l l y  ana logous  s u b s t a n c e  to  an  u n k n o w n  t r a n s -  
m i t t e r .  F u r t h e r  s tud ies  will  h a v e  to be  pe r fo rmed  in  
o rder  to  c lar i fy  th i s  a rea  of research.  
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I n h i b i t o r y  ef fect  of  t a u r i n e  on  d e c r e a s e  in  th e  i n o t r o p i c  a c t i o n  of  o u a b a i n  at  h i g h  c o n c e n t r a t i o n s  
in  i s o l a t e d  a t r i a  
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Summary. I n  v i t ro ,  t a u r i n e  was  shown  to  i n h i b i t  t he  decrease  in t h e  ino t rop ic  effect  of o u a b a i n  a t  large doses in  t he  
n o r m a l  a n d  also low K + m e d i u m  in w h i c h  t h i s  dec rease  in t he  i n o t r o p i s m  of o u a b a i n  was fac i l i ta ted .  This  i n h i b i t o r y  
effect  of t a u r i n e  was, a t  l eas t  in  pa r t ,  due  to t he  i n h i b i t i o n  of t he  eff lux of i n t r ace l lu l a r  K+ in  t he  i so la ted  h e a r t .  

A large q u a n t i t y  of t a u r i n e  was found  ill m a m m a l i a n  
h e a r t  ~-s, a n d  ye t  l i t t l e  is k n o w n  a b o u t  i t s  f u n c t i o n  in t h e  
h e a r t  4. I t  h a s  been  i n d i c a t e d  t h a t  t a u r i n e  ac ts  as a n  an t i -  
a r r h y t h m i c  in  v a g o t o m i z e d  dogs s, r a t s  e a n d  guinea-pigs  7. 
The  a n t i a r r h y t h m i c  effect  was  sugges ted  to be, a t  leas t  in  
p a r t ,  due  to  p r e v e n t i o n  b y  t a u r i n e  of t h e  eff iux of i n t r a -  
ce l lu lar  K+ assoc ia ted  w i t h  some d r ug - i nduced  a r r h y t h -  
mias  e,s. Since t a u r i n e  fa i led to  inf luence  N a + , K  +- 
A T P a s e  a c t i v i t y  or a n  i n t e r a c t i o n  b e t w e e n  o u a b a i n  a n d  
Na+, K + - A T P a s e  e, ~, th i s  e n z y m e  seemed  n o t  t o  be  con-  
ce rned  in  t h e  a n t i a r r h y t h m i c  ac t ion  of t au r ine .  
I n  i so la ted  hea r t s ,  however ,  t au r ine ,  be ing  pos i t i ve ly  
ino t rop ic  in  gu inea-p ig  aur ic les  in  b o t k  n o r m a l  a n d  low 
Ca++ m e d i u m  10, p o t e n t i a t e d  Pos i t ive  ino t rop ic  effects  of 
s t r o p h a n t h i n - K  n a n d  o u a b a i n  1., a n d  i n h i b i t e d  a d e -  
crease  of con t r ac t i l e  force b y  Ca+§ m e d i a  la in  these  
p r e p a r a t i o n s .  I t  was  i n d i c a t e d  t h a t  t he  p o t e n t i a t i n g  effect  
of t a u r i n e  on  t h e  p o s i t i v e  ino t rop ic  effect  of o u a b a i n  was,  

to  some ex t en t ,  r e l a t ed  to  a n  a c c u m u l a t i o n  of in t race l -  
lu la r  Ca++ in t he  t a u r i n e - l o a d e d  h e a r t  12. 
Thus ,  t h e  i n t e r e s t  in  t he se  r epo r t s  comes f rom the  f ind ings  
t h a t  t a u r i n e  a n t a g o n i z e d  t h e  ca rd io tox ic  ac t ion  of digi- 
tal is ,  b u t  p o t e n t i a t e d  t h e  pos i t ive  ino t rop ic  ac t ion .  I n  
add i t ion ,  a n y  a n t a g o n i s m s  b e t w e e n  t a u r i n e  a n d  ca rd iac  
glycosides on  i so la ted  h e a r t  p r e p a r a t i o n s  h a v e  n e v e r  been  
repor ted .  The  p r e sen t  au tho r ,  therefore ,  a t t e m p t e d  to  
d e m o n s t r a t e  a n  i n h i b i t o r y  ac t ion  of t a u r i n e  on  a decrease  
of t h e  ino t rop ic  ac t ion  in  h i g h  c o n c e n t r a t i o n s  of o u a b a i n  
in i so la ted  a t r ia .  Since r e d u c t i o n  of s e rum K + levels  
increased  t h e  pos i t ive  ino t rop ic  response  to o u a b a i n  x4 
a n d  e n h a n c e d  digi ta l is  t o x i c i t y  is a n d  cardiac  u p t a k e  of 
o u a b a i n  14, i t  was  also e x a m i n e d  w h e t h e r  or n o t  t h e  in-  
h i b i t o r y  effect  was  in f luenced  in  a tow K + med ium.  
Methods and materials. Deta i l ed  method.s  h a v e  b e e n  de-  
scr ibed e lsewhereL Brief ly,  le f t  a t r i a l  s tr ips,  p r e p a r e d  
f rom male  guinea-pigs  (250-350  g) were d r iven  b y  electr ic  


