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ips i l a te ra l  r o t a t i o n  ; bac lofen  induced  a s ign i f i can t ly  more  
i n t ense  ips i la te ra l  c ircl ing response  (p < 0.05) (figure 2). 
His to logica l  e x a m i n a t i o n  revea led  t h a t  in j ec t ion  si tes 
were w i t h i n  SN1R. 
Discussion. I n  u n t r e a t e d  a n d  a m p h e t a m i n e - p r e t r e a t e d  
r a t s  un i l a t e r a l  in jec t ions  of bac lofen  in to  S N R  p roduce  
c o n t r a l a t e r a l  a n d  ips i l a te ra l  r o t a t i o n  respec t ive ly .  These  
r o t a t i o n a l  responses  are  v e r y  s imi la r  to  those  seen a f t e r  
un i l a t e r a l  e l eva t ion  of n ig ra l  G A B A  levels in  b o t h  un -  
t r e a t e d  i0 a n d  a m p h e t a m i n e - p r e t r e a t e d  ~ an imals .  Whi le  
t h e  n a t u r e  of t he  i n t e r a c t i o n  b e t w e e n  s t r i a ton ig ra l  GAt3A 
neu rones  a n d  n i g r o s t r i a t a l  d o p a m i n e  neu rones  w i t h i n  t he  
s u b s t a n t i a  n ig ra  is c o n t e n t i o u s  if, t hese  effects  fol lowing 
in jec t ions  in to  S N R  sugges t  t h a t  bac lofen  m a y  h a v e  some 
G A B A  agon i s t  a c t i v i t y  fol lowing d i rec t  i n t r a c e r e b r a l  
in jec t ion .  T h o u g h  or ig ina l  r epo r t s  t h a t  bac lofen  m a y  be  
art a n t a g o n i s t  of s u b s t a n c e  p13 h a v e  fai led to  be  con-  
f i rmed  subsequen t ly l* ,  l~, t h e  r ecen t  d e m o n s t r a t i o n  of 
s t r i a t o n i g r a l  p a t h w a y s  to  S N R  c o n t a i n i n g  s u b s t a n c e  P i e  
as well  as G A B A  suggests  t h a t  m e c h a n i s m s  for these  
p r e s e n t  bac lofen  effects in  t e r m s  of i n t e r ac t i ons  w i t h  
n e u r o t r a n s m i t t e r  sys t ems  o t h e r  t h a n  those  i nvo lv ing  
G A B A  canno t ,  however ,  be  excluded.  
Bac lo fen  ha s  been  widely  used as a p u t a t i v e  G A B A -  
m i m e t i c  s u b s t a n c e  b o t h  in a n i m a l  s tud ies  1T a n d  in t he  

cl inic is, w i t h o u t  c o n v i n c i n g  ev idence  for  G A B A  agonis t  
ac t iv i ty .  I t s  use in  such  e x p e r i m e n t s  has ,  however ,  pro-  
v ided  c i r c u m s t a n t i a l  ev idence  for  GABA-erg ic  p roper t i e s  
in  t h a t  bac lofen  has  been  shown  to  mimic  t h e  effects  of 
e l eva t ion  of b r a i n  G A B A  levels on  b o t h  a n i m a l  19 a n d  
cl inical  2~ mode ls  of n ig ro s t r i a t on ig r a l  mechan i sms .  The  
wide  r ange  of pha rmaco log i ca l  p rope r t i e s  of bac lo fen  2i, 22 
necess i t a tes  f u r t h e r  s t u d y  a imed  a t  c la r i fy ing  i ts  s t a t u s  
as a h y p o t h e t i c a l  G A B A - m i m e t i c  agen t .  
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Summary. A l p h a  par t ic les  inha led  b y  mice af fec t  p r i m a r i l y  t y p e  I I  ep i the l ia l  cells, whereas  i n t e r s t i t i a l  mononuc lea r s ,  
a lveo la r  m a c r o p h a g e s  a n d  t y p e  I e p i t h e l i u m  are  m u c h  more  r e s i s t a n t  a n d  a p p a r e n t l y  r eac t  secondar i ly .  T h e  cel lular  
responses ,  q u a l i t a t i v e  a n d  q u a n t i t a t i v e ,  e x h i b i t  a t ime-dose  re la t ionsh ip .  

Materials and methods. A 2G  mice were exposed  for  10 m i n  
t o  i n h a l a t i o n  of a 239PuOs aerosol  g e n e r a t e d  b y  a n  ex- 
p lod ing  wire  t e c h n i q u e  in a specia l ly  c o n s t r u c t e d  c h a m -  
be r  2. I n  s epa ra t e  e x p e r i m e n t s  t h e  an imal s ,  in  g roups  of 
12, rece ived  e s t i m a t e d  l u n g  doses of a p p r o x i m a t e l y  
22 nCi or 150 nCi, r e spec t ive ly  refer red  to  as t he  low a n d  
h i g h  dose series. Cont ro l  mice  were g iven  a m o c k  exposure  
in  t he  same  a p p a r a t u s .  A n i m a l s  su rv ived  for  3-26 weeks 
a f t e r  i nha l a t i on .  Mice f rom con t ro l  a n d  b o t h  t e s t  g roups  
were k i l led  in pa i rs  b y  i.p. p e n t o b a r b i t a l  a n d  lung  t i ssue  
e m b e d d e d  in a ra ld i t e  for e lec t ron  microscopy.  I n  a d d i t i o n  
to a n a l y z i n g  q u a l i t a t i v e  changes ,  d i f fe ren t ia l  coun t s  of 
a lveo la r  wal l  ceils were  m a d e  f rom e lec t ron  mie rographs ,  
whose  n u m b e r  a n d  r ange  of m a g n i f i c a t i o n  were s t a n d a r d -  
ized for all  groups .  T h r o u g h o u t  t he  per iod  of o b s e r v a t i o n  
r ad ioac t i v i t y ,  as de t ec t ed  b y  X - r a y  m e a s u r e m e n t s  a n d  
a u t o r a d i o g r a p h s  of 1 ~ m  sect ions,  pe r s i s t ed  in t he  lungs.  
Results. The  t y p e  I I  a lveo la r  ep i the l i a l  cell  is essen t ia l ly  
sec re to ry  in  func t i on  3, a m a i n  p r o d u c t  be ing  s u r f ac t an t ,  
w h i c h  is assoc ia ted  w i t h  t h e  osmiophi l ic  l amel l a r  bodies  4. 
I n  n o r m a l  mice these  bod ies  were c o m m o n l y  v a c u o l a t e d  
b u t  t h e i r  r o u n d e d  ou t l ines  b e t r a y e d  t he  fo rmer  c o n t e n t  
of sec re to ry  m a t e r i a l  (figure 1,a).  T he  n u m b e r  of t y p e  I I  
cells in  b o t h  t e s t  g roups  rose b y  50% a n d  v a c u o l a t e d  
bodies  b e c a m e  fewer t h o u g h  larger .  I n  h ighfdose  an ima l s  
t h e  subce l lu la r  changes  were  more  severe  a n d  f rom 
15 weeks p r o n o u n c e d  a l t e r a t i ons  a f fec ted  a b o u t  ha l f  t h e  
popu la t i on .  The  c y t o p l a s m  was t h e n  d i s t e n d e d  b y  large  
s m o o t h  spaces  c o n t a i n i n g  a l i t t l e  l amel l a r  m a t e r i a l  a n d  

de fo rming  t h e  nuclei .  Over  some vacuoles  the  r e m a i n i n g  
c y t o p l a s m  was  e x t r e m e l y  t h i n  (f igure 1,b) a n d  h a d  
r u p t u r e d  o n t o  t he  a lveo la r  surface.  As a la te  f ea tu re  of 
h igh-dose  mice,  some cells deve loped  changes  sngges~ting 
regenera t ion ,  as ev idenced  b y  f l a t t en ing ,  smal l  a n d  s c a n t y  
b u t  dense r  l ame l l a r  bodies  a n d  b y  i n t a c t  m i t o c h o n d r i a  
a n d  endop la smic  r e t i cu lum.  
Alveo la r  m a c r o p h a g e s  n o r m a l l y  possess phagosomes  
(figure 2,a).  Low-dose  mice showed  no q u a n t i t a t i v e  
c h a n g e  b u t  t h e  p h a g o s o m e s  t e n d e d  to  be  larger .  I n  h igh-  
dose mice,  especia l ly  f rom the  10-week- in terva l ,  t h e  
n u m b e r  of m a c r o p h a g e s  rose a n d  t h e i r  c y t o p l a s m  was 
c rowded  w i t h  phagosomes  or inc lus ions  (figure 2,b),  
some of w h i c h  s t rong ly  sugges ted  l amel l a r  bodies  d i s -  
cha rged  b y  t y p e  I I  cells. D e g e n e r a t i v e  changes  were no t  
a p p a r e n t .  I n t e r s t i t i a l  cells (figure 1,a),  d i s t i nc t  f rom 
f ibroblas t s ,  m a y  be  r ega rded  as e m i g r a t e d  m o n o c y t e s  
res id ing  t e m p o r a r i l y  in  t h e  p u l m o n a r y  i n t e r s t i t i u m  
before  emerg ing  o n t o  t he  a lveo la r  surface  as m a t u r e  
mac rophages .  N o  q u a l i t a t i v e  changes  were de t ec t ed  bu t ,  
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Fig. i i  a. Type II  epithelial cell (below), showing prominent mito- 
chondria but relatively few small vacuoles containing a li t t le lamellar 
material. An interst i t ial  cell, probably monocytic, lies above. 
Control mouse. EMG, • 5000. 

Fig. 2, a. Alveolar macrophage from an unexposed mouse. Mito- 
chondria are numerous though small and there is a modest number 
of phagosomes that  vary in morphology. EMG, x 5000. 

Fig. 1, b. Type I I  epithelial cell 26 weeks after the high dose. Huge 
vacuoles have coalesced and almost breached the alveolar surface; 
remnants of lamellar bodies remain whilst the nucleus is displaced 
and distorted by the vacuoles; mitochondria are inconspicuous. The 
type I epithelial cell (below right ) appears normal, as does the capil- 
lary endothelium, despite the proximity of a severely affected type 
II  cell. EMG, • 5000. 

Fig. 21 b. A m u c h  enlarged alveolar macrophage whose cytoplasm is 
crowded with a variety of inclusions, including lamellar forms indi- 
cating an origin from type II  cells. The cytoplasmic processes are 
stunted and club-shaped. Mouse survived the high dose for 10 weeks. 
EMG, x 4000. 
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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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