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v i sua l  searching.  I n  roden ts ,  t he  nose  a n d  m o u t h  are 
i m p o r t a n t l y  i nvo lved  in i n v e s t i g a t i n g  t h e  i m m e d i a t e  
e n v i r o n m e n t ;  all these  ac t iv i t i e s  may ,  therefore ,  be  
expec t ed  to  decrease  in f r equency  of occurence  if l i th-  
ium does in fac t  suppress  t h e  pe r f o r m ance  of b e h a v i o u r  
assoc ia ted  w i t h  awareness  of t h e  e n v i r o n m e n t .  

The  increase  in f r e q u e n c y  of s c r a t c h i n g  a m o n g s t  t he  
l i t h i u m - t r e a t e d  female  r a t s  c a n n o t  r ead i ly  be  exp la ined  
in t e r m s  of r educed  e n v i r o n m e n t a l  awareness .  I t  m a y  be  
tha t ,  t h i s  b e h a v i o u r  com pens a t e s  for a n  obse rved  sl ight,  
b u t  s t a t i s t i ca l ly  non-Signif icant ,  decrease  in g rooming  
w i t h  t he  t ee th ,  b u t  i t  is also poss ible  t h a t  i t  r ep resen t s  a 
response  to a local i r r i t a t i o n  caused  b y  t he  d rug  in jec t ion :  
i ts  non -occu r rence  in males,  however ,  r em a i ns  puzzl ing.  

L i t h i u m  sa l t s  are  tox ic  a n d  are k n o w n  to  p roduce  a 
cond i t ion  in r a t s  wh ich  has  been refer red  to as ' l i t h ium sick- 
ness '  6 ; i t  is n o t  easy  to see how  th i s  could h a v e  p roduced  

t h e  p a t t e r n  of f ind ings  n o t e d  in t he  p r e sen t  s tudy ,  t h o u g h  
t h e  poss ib i l i ty  m u s t  s t i l l  be  b o r n e  in m i n d  t h a t  some of 
t he  effects  m a y  r e p r e s e n t  toxic  reac t ions .  

Our  u n d e r s t a n d i n g  of t h e  ac t ions  of l i t h i u m  in t he  
t r e a t m e n t  of r e c u r r e n t  mood  disorders  7, a n d  of t he  
m e c h a n i s m s  u n d e r l y i n g  those  d i sorders  themse lves ,  will  
be  e n h a n c e d  b y  t h e  closer i nves t i ga t i on  of t h e  d rug ' s  
ac t ion  u p o n  a n i m a l  behav iou r ,  b u t  such  s tud ies  m u s t  
invo lve  t he  use of a p p r o p r i a t e  t e s t  s i t ua t i ons  w h i c h  are  
l ikely to  p rove  sens i t ive  to  t h e  s l igh t  b e h a v i o u r  modif ica-  
t ions  wh ich  l i t h i u m  can  produce .  Such  sub t l e  effects  m a y  
e v e n t u a l l y  be  found  to be  crucia l  in def in ing  t he  psycho-  
pha rmaco log ica l  profi le  of l i t h ium.  
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Summary. E x t r a c e l l u l a r  recordings  were m a d e  f rom neurones  in t he  mesencepha l ic  r e t i cu la r  f o r m a t i o n  a n d  s u b s t a n t i a  
n ig ra  of t h e  r a t  wh ich  was a n a e s t h e t i z e d  w i t h  u r e t h a n e  1.5-2 g /kg i.p. Ou t  of 44 ceils t e s t ed  42 were exc i ted  b y  Sub-  
s tance  P appl ied  i on tophore t i ca l l y  a n d  in some cases th i s  exc i t a t i on  was rapid .  E v i d e n c e  is p r e sen t ed  for S u b s t a n c e  P 
as a p u t a t i v e  e x c i t a t o r y  t r a n s m i t t e r  on to  r e t i cu la r  and  n igra l  neu rones  poss ib ly  re leased f rom p r i m a r y  sensory  afferents .  

S u b s t a n c e  P is f ound  d i s t r i b u t e d  wide ly  in t h e  cen t r a l  
ne rvous  s y s t e m  2 a n d  the re  are p a r t i c u l a r l y  h i g h  levels in 
t he  s u b s t a n t i a  n ig ra  a. R e c e n t l y  NILSSON, H6KFELT a n d  
PERNOW 4 h a v e  i n v e s t i g a t e d  t he  d i s t r i b u t i o n  of Subs t ance  
P in t he  r a t  cen t r a l  ne r vous  sys t em us ing  i m m u n o -  
h i s tochemis t ry .  T h e y  found  ev idence  for i t s  loca t ion  in 
ne rve  end ings  b u t  n o t  in  cell bodies.  P a r t i c u l a r l y  h i g h  
levels occur red  in the  s u b s t a n t i a  gela t inosa ,  nuc leus  
paraso l i t a r ius ,  dorsa l  and  v e n t r a l  l a te ra l  genicula te  
body ,  med ia l  a n d  c en t r a l  a m y g d a l o i d  nucle i  a n d  t he  
s u b s t a n t i a  nigra .  T h e y  sugges ted  these  n e r v e  end ings  
could ar ise  f rom p r i m a r y  sensory  afferents .  S u b s t a n c e  P 
ha s  been  shown  to h a v e  a n  effect  on  cells in  severa l  areas  
of t h e  b r a i n  a n d  cord  ~-7. Fo r  example ,  KRNJEVIC a n d  
MORRIS 6 found  t h a t  i t  was e x c i t a t o r y  on  c u n e a t e  neu rones  
b u t  whi le  t h e  e x c i t a t i o n  was s t rong  i t  was  slow in onset ,  
t h e  onse t  occur r ing  a f t e r  a de lay  of 10-30 sec and  r each ing  
a p e a k  a f t e r  30 see. Fol lowing t e r m i n a t i o n  of e jec t ion  t h e  
response  decreased  g r a d u a l l y  ove r  a 60 sec or longer  
period.  These  a u t h o r s  conc luded  t h a t  S u b s t a n c e  P was 
un l ike ly  to  be  t h e  qu i ck  ac t ing  t r a n s m i t t e r  re leased f rom 
p r i m a r y  a f fe ren t  t e rmina l s .  I n  t he  p r e s en t  s t u d y  we 
h a v e  i n v e s t i g a t e d  t h e  effect  of S u b s t a n c e  P on  re t i cu la r  
a n d  n igra l  ceils a n d  c o m p a r e d  i ts  ac t ion  w i t h  t h a t  of 
ace ty lchol ine .  

Materials and methods. E x p e r i m e n t s  were pe r fo rmed  on 
18 female  ~Vistar Alb ino  r a t s  we igh ing  150 g and  
a n a e s t h e t i z e d  w i t h  u r e t h a n e  1.5-2 g /kg i.p. E x t r a c e l l u l a r  
record ings  were m a d e  f rom single neu rones  in  t h e  mesen-  
cephal ic  r e t i cu la r  f o r m a t i o n  a n d  s u b s t a n t i a  n igra  us ing  
para l le l  m u l t i b a r r e l  glass microe lec t rodes  s. Cell pos i t ion  
was  loca ted  b y  e jec t ion  of P o n t a m i n e  Sky  Blue  f rom the  
r ecord ing  ba r r e l  ~ a n d  t h e n  p r e p a r i n g  frozen sections.  
S u b s t a n c e  P was syn thes i zed  b y  a m e t h o d  ful ly  descr ibed  
by YAJIMA, I4~ITAGAWA a n d  SEGAWA 1~ and  e jec ted  ion to-  
pho re t i ca l l y  f rom a 0.003 M so lu t ion  of d i lu te  t a r t a r i c  

acid, p H  5.5-6.0. B o t h  c a t h o d a l  a n d  a n o d a l  c u r r e n t  
were used  to  release S u b s t a n c e  P. Pos i t ive  resu l t s  were 
o b t a i n e d  on ly  w i t h  an  a n o d a l  cu r ren t .  As p rev ious  
workers  s r epo r t ed  release of S u b s t a n c e  P b y  a c a t h o d M  
cur ren t ,  t h e  release of S u b s t a n c e  P was m e a s u r e d  f rom 
elect rodes  wh ich  h a d  p roduced  resu l t s  in  r i c o .  Release  of 
S u b s t a n c e  P was m e a s u r e d  b y  p lac ing  t h e  t ip  of t he  
e lec t rode  in 0.2 ml  K r e b s  so lu t ion  a n d  a p p l y i n g  50 n A  
of e i the r  a c a t h o d a l  or a n o d a l  c u r r e n t  for 20 mill.  The  
a m o u n t  of S u b s t a n c e  P in t h e  so lu t ions  was m e a s u r e d  
us ing  a b io-assay  t e c h n i q u e  ~. Aee ty lcho l ine  and  y- 
a m i n o b u t y r i c  acid (GABA) were e jec ted  i on topho re t i c a l l y  
as ca t ions  f rom 0.2 M so lu t ion  in dis t i l led water ,  p H  4.5. 
C u r r e n t  b a l a n c i n g  was u s e d : d u r i n g  t h e  e jec t ion  of all  
d rugs  11. 
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Rate meter recordings from 3 
neurones in the mesencephalic 
reticular formation and substantia 
nigra of the rat. Traces A and B 
show the effect ofiontophoretically 
applied Substance P (40 nA for 
45 sec) and aeetylcholine (60 nA 
for 100 see) on a single neurone. 
Trace C show the effects of Sub- 
stance P (50 nA for 85 sec) on a 
neurone which was unaffected by 
acetylcholine. Traces D and E 
show the effect of Substance P 
(50 nA for 85 see) and acetyleholiue 
(50 nA for 60 sec) on another 
neurone. The time bar represents 
30 sec. 

Results and discussion. Subs tance  P (8-50 hA) was 
t e s t ed  on 44 Ileurones of which  42 r e sponded  by  exc i ta t ion  
(Figure A, C, D) and  2 had  no effect,  none  were inhibi ted .  
Of t he  44 ceils, 27 were also examined  for the i r  response  
to  acetylchol ine  (30 60 nA) and  of these  11 were exci ted  
(Figure ]3 and  1~), and  7 were inh ib i t ed  b y  acefiylcholine 
while t he  r ema inde r  failed to  respond,  for example ,  the  
cell shown in F igure  C. GABA (10-40 nA) inh ib i ted  all 
cells tes ted .  In  all cases where  a cell r e sponded  to  b o t h  
Subs tance  P and  acetylchol ine,  Subs tance  P was more  
po ten t .  There  did no t  appea r  to  be a n y  corre la t ion be-  
tween  the  act ion of Subs tance  P and  acetylchol ine.  
Cer ta in  of t he  cells r e sponded  rap id ly  to Subs tance  P, 
t he  response  being wi th in  4 sec (Figure A), while o ther  
cells r e sponded  af ter  a l a t ency  of 16 sec (Figure C). The 
de lay  before reaching  peak  fir ing af ter  t he  appl ica t ion  of 
Subs tance  P also var ied  f rom 8-72 sec (see Figure) ;  
following cessat ion of the  pulse the  response  e i ther  rap id ly  
t e r m i n a t e d  wi th in  8 sec (Figure D), or recovered  slowly 
over  a per iod of 140 sec (Figure A). All the  cells i l lus t ra ted  
in t he  Figure have  a slow firing ra te  of 2 to  4 per  sec 
res t ing  discharge w i t h o u t  ac t iva t ion  wi th  homocys te ic  
acid. This  f ir ing ra te  is charac te r i s t ic  of the  dopami n e  
cell bodies  of the  zona compac t a  r2. Histological  evidence 
f rom the  p re sen t  s t u d y  indicates  t h a t  some of t he  re- 
cordings were made  f rom this  area. 

As previous  workers6, ~ had  expel led Subs tance  P 
using ca thoda l  c u r r e n t ,  release of Subs tance  P was de- 
t e rmined  f rom elect rodes  using b o t h  ca thoda l  and  anoda l  
cu r ren t  (see m e thods  section).  Subs tance  P, a p p r o x i m a t e l y  

3 p g/min,  was  found  to  be released f rom the  anodal  cur- 
r en t  b u t  none  was released wi th  ca thoda l  current .  Controls  
were also used where  a barre l  of the  mul t iba r re l  micro-  
e lectrode was filled w i t h  t a r t a r i c  acid and  th is  had  no 
effect  on cells which  were exc i ted  b y  Subs tance  P.  

In  contras• to  cells in t he  cunea te  nucleus  ~ and  the  
cerebral  cor tex  7, cer ta in  of the  ceils in th is  s t u d y  re sponded  
very  rap id ly  to Subs tance  P, reaching  a peak  af ter  only  
8 sec. This  would  be in accordance  wi th  a role for Sub- 
s tance  P as the  rap id ly  ac t ing  t r a n s m i t t e r  released f rom 
p r i m a r y  af ferent  nerve  endings  la. Sensory  in fo rma t ion  
passes to  the  subs t an t i a  nigra  area 14 and  f rom the  im- 
munoh i s tochemica l  s tudies  of NILSSO~, H6KFELT and  
P~nNOW 4 Subs tance  P t e rmina l s  end in t he  subs t an t i a  
nigra  where  the re  are h igh  level of Subs tance  p3 and  so 
the re  is good h is tochemica l  and  neurochemica l  evidence 
for i t  as a p u t a t i v e  t r a n s m i t t e r  in th is  area. And  the  pre-  
sen t  neuropharmacolog ica l  s t u d y  p resen t s  evidence for a 
d i rect  ac t ion of Subs tance  P on cells in th is  area zs. 
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