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Table IV. Supression of the conditioned responses by phenethylamine 
in the rat (i.p.) 

Dose (mg/kg) Blockingeffeets (%) Probits EDh0xJ= SE 

Animals without pretreatment 

25 0 0 38 4- 1.64 
35 30 4.48 
40 65 5.4 
50 90 6.25 

Animals pretreated during 10 days with 1 daily dose of 35 mg/kg 
of phenethylamine 

25 0 0 36.5 4- 2 
35 27 4.4 
40 69 5 
50 87 6.1 

electrical  shock to t i le feet  and condi t ioned to  do the  
same also af ter  hear ing the  sound of a buzzer.  

According to unpubl ished observations,  phene thy l -  
amine and amphe tamine  are amongs t  the  substances 
t h a t  block the  condi t ioned responses. We  did no t  dif- 
ferent ia te  be tween  specific and unspecific bIocking since 
we t hough t  th is  of no impor tance  f rom our  po in t  of view. 
We  considered s imply  as blocking when the  animals  did 
no t  react  to the  buzzer ' s  sound. The  effective dose 50 
(EDh0) was calculated by  t ak ing  into account  the  per- 
centage of posi t ive  answers, according to MILLER and 
TAINTER 1~. The  tests  were repea ted  af ter  10 days of t rea t -  
m e n t  of the  rats  wi th  N - m e t h y l a m p h e t a m i n e  (3 mg/kg) 
and phene thy lamine  (35 mg/kg),  respect ively.  Control  

tests  were per formed giving 25 and 50 mg/kg  of phene thy l -  
amine to non- tolerance condi t ioned rats  24 h before test.  
Tile inject ions were always adminis tered  by  the  i.p. 

Results. The results obta ined  in assays of le thal  effects 
are shown on Tables  I and I I .  I t  can be seen on Table  I 
t h a t  the  LD~0 of N - m e t h y l a m p h e t a m i n e  is raised f rom 
115 to 156 mg/kg  af ter  a p r e t r e a t m e n t  wi th  40 mg/kg  
of the  same substance for 10 days. The  difference is 
s ignif icant  (p < 0.005). Table  I I  shows t h a t  the  le thal  
dose of phene thy lamine  remains  prac t ica l ly  unal te red  
af ter  a p r e t r ea tmen t  wi th  100 mg/kg  of this  substance 
dai ly  for 10 days.  The  results  ob ta ined  in assays on con- 
di t ioned responses are shown on Tables  I I I  and IV. 
Table  I I I  shows t h a t  the  EDh0 of N - m e t h y l a m p h e t a m i n e  
is raised f rom 5.5 mg/kg  to  8.5 mg/kg  af ter  a dai ly  pre- 
t r e a t m e n t  wi th  3 mg/kg  of this  substance for 10 days. 
The  difference is significant  (p < 0.005). Tab le  IV  shows 
the  results on control  tes ts  according to which 25 and 
50 mg/kg  of phene thy lamine  do no t  produce tolerance 
to the  condi t ioned responses in rats.  

Discussion. Our supposi t ion t h a t  amphe t amine  to- 
lerance is produced by  phene thy lamine  deple t ion  would  
have  been inva l ida ted  if phene thy lamine  itself had  pro-  
duced a tolerance.  This  did no t  happen.  Tak ing  into con- 
s iderat ion these circumstances and the  fact  t h a t  chronic 
adminis t ra t ion  of N - m e t h y l a m p h e t a m i n e  produce  a 
deplet ion of cerebral  phene thy lamine  14, we t h ink  t h a t  
our  observat ions  are a t  least  consis tent  wi th  the  supposi- 
t ion t h a t  amphe t amine  acts in the  tests  employed  by  us 
main ly  by  l ibera t ing phenethylamine .  

lS L. C. MILLER and M. L. TAINTER, Proc. Soc. exp. Biol. Med. 57, 
261 (1974). 
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Summary. W h e n  l i th ium chloride was adminis tered  to rats  several  changes occurred in a n u m b e r  of components  of 
act ivi ty ,  some of which were sex-related.  There  was a reduct ion  in bo th  ambu la to ry  and rear ing ac t iv i ty  and in be- 
hav iour  associated par t icular ly  wi th  the  m o u t h  and nose. The findings are re la ted to a suggest ion t h a t  l i th ium effects 
on behav iour  m a y  be more subtle t han  h i the r to  thought .  

Almos t  alone amongs t  psychoact ive  agents  present ly  
f inding widespread usage in clinical medicine,  l i th ium has 
still  no t  been subjected to thoroug  h psychopharmacolog-  
ical  analysis leading to any  consis tent  p ic ture  of t he  
behavioura l  effects of its salts in an imal  subjects.  A n u m -  
ber  of recent  studies have  produced widely  va ry ing  re- 
sults 1 Some invest igators  h a v e  indeed repor ted  a lack of 
effect, except  upon animals  previous ly  t rea ted  wi th  
combinat ions  of o ther  psychoact ive  agents  2. 

I t  m a y  be t h a t  l i th ium modifies behav iour  subtly,  and 
t h a t  t he  screening tests  used to da te  e i ther  impose too  
rigid a control  upon the  actions of exper imenta l  animals,  
or direct  the  exper imenter ' s  a t t en t ion  to  too narrow a 
band  of act ivi t ies ,  ef fect ively  masking  w h a t  m a y  be 
i m p o r t a n t  l i th ium effects 8. 

To overcome this  p roblem the  present  s tudy  was design- 
ed to observe rats  under  the  influence of l i th ium chloride 
in a tes t  s i tua t ion  which al lowed the  animals  re la t ive ly  
free m o v e m e n t  and in which  a number  of behavioura l  
components  could be s imul taneously  observed.  

Methods. The animals  were placed singly into a box  
hav ing  a square floor area 30.4 • 30.4 cm, and 32.6 deep. 
The  inter ior  of the  box was pa in ted  whi te  and the  floor 
was marked  into 4 equa l ly  sized squares, 15.2 •  cm. 
Fluorescent  room lighting,  di rect ly  above  the  appara tus ,  
was used th roughou t  t he  exper iment .  The  exper imente r  
noted  the  occurrence of par t icu lar  kinds of behav iour  by  
speaking into the  microphone  of a t ape  recorder,  for la ter  
analysis. 

The  t aped  records were used to assess the  f requency of 
occurence of a number  of behavioura l  components ,  name ly :  
ambula t ion  (moving all 4 feet  f rom one floor square  to 
another)  ; rear ing (standing on the  hind legs, e i ther  agains t  
the  walls of the  box  or more cent ra l ly  in the  box) ; freezing 
(a sudden cessation of all  movement )  ; crouching (lowering 

x F. N. JOHNSON, in Lithium Research and Therapy (Ed. F. N. 
JOHl~SO~'; Academic Press, London 1975), p. 315. 
H. STEINBERG, Bioctlem. Soc. Trans. l, 38 (1973). 

3 L. A. SY~tE and G. J. SYME, Psychopharmacologia 29, 85 (1973). 
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of e i t he r  t he  whole  b o d y  or j u s t  the  a n t e r i o r  p o r t i o n ) ;  
j u m p i n g  ; t w i t c h i n g ;  s h a k i n g ;  t r e m b l i n g ;  b o d y  a r c h i n g ;  
s t r e t c h i n g ;  s c r a t c h i n g  (grooming w i t h  h i n d  legs);  h e a d  
g rooming  (wi th  t he  fore legs); p i loe rec t ion ;  h e a d  move-  
m e n t s  (raising, lowering,  or m a k i n g  la te ra l  m o v e m e n t s  of 
t he  head  re l a t ive  to  t h e  r e s t  of t h e  body)  ; sni f f ing (at  var i -  
ous p a r t s  of t he  box) ; b i t i n g  ( the box  wails) ; g rooming  w i t h  
t he  t e e t h ;  l ick ing the  gen i ta l i a ;  voca l iz ing;  and  sneezing.  

In  all, 12 female  a n d  12 ma le  W i s t a r  s t r a i n  r a t s  were  
used, each  be ing  a b o u t  100 days  old a t  t h e  s t a r t  of exper i -  
m e n t .  E a c h  r a t  was  in j ec t ed  w i t h  d rug  or p lacebo  30 rain  
p r io r  to  be ing  obse rved  for a 2 ra in  pe r iod  in t he  t e s t  
a p p a r a t u s ,  p rev ious  s tud ies  a h a v i n g  d e m o n s t r a t e d  th i s  to  
be a b o u t  t h e  t i m e  of m a x i m u m  b e h a v i o u r a l  effect  of 
l i t h i u m  chlor ide  in jec t ions  in r a t s  of t h e  age a n d  w e i g h t  
used in t h i s  expe r imen t .  3 t e s t  sessions were g iven  to  each  
ra t ,  s e p a r a t e d  b y  in t e rva l s  of i week,  a d i f fe ren t  d rug  be ing  
used  on  each  occasion.  Two dose levels of l i t h i u m  chlor ide  
were used,  2.0 a n d  4.0 mmoles /kg ,  m a d e  u p  in w a t e r  for 
I n j e c t i o n  BP ,  w h i c h  was  also used as p lacebo ;  d rug  
in jec t ions  were m a d e  i.p., 0.1 ml  be ing  a d m i n i s t e r e d  pe r  
100 g b o d y  weight .  T he  2 d r u g  doses a n d  t h e  p lacebo  
i n j ec t i on  could  be  g iven  in  6 d i f f e ren t  sequences  a n d  2 
ma le  a n d  2 female  r a t s  were a l loca ted  a t  r a n d o m  to  each  
sequence.  Drug  a d m i n i s t r a t i o n  was car r ied  o u t  blind~ t h e  
so lu t ions  be ing  .coded un t i l  t h e  e x p e r i m e n t  h a d  been  
comple ted .  The  full  e x p e r i m e n t a l  des ign  was  t h u s  a 3 
(drug  doses + placebo)  • 2 (sexes) • 6 (sequences of ad-  
min i s t r a t i on )  fac tor ia l ,  w i t h  r e p e a t e d  measu res  on t he  
f i rs t  f ac to r  a n d  2 sub jec t s  in  each  cond i t ion .  
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Lithium effects on various components of activity. Effects of lithium 
on biting (B), oral/nasal activity (O/N), head movements (H), 
scratching (S), freezing (F), rearing (R) and ambulating (A) in rats. 
Symbols: �9 indicates combined totals for male and female subjects; 

indicates females only; ID indicates males only. 

Results. W h e n  t h e  d a t a  were sub j ec t ed  to  ana lys i s  
of va r i ance ,  l i t h i u m  chlor ide  was  f o u n d  to  h a v e  l i t t l e  
effect  u p o n  m a n y  of t he  b e h a v i o u r s  w h i c h  h a d  been  
recorded,  a t  leas t  u n d e r  t he  cond i t ions  of t h i s  e x p e r i m e n t  
(Table).  Severa l  ca tegor ies  of b e h a v i o u r  did, however ,  
show some change  w i t h  l i t h i u m  as c o m p a r e d  w i t h  t he  
p lacebo  t r e a t m e n t  cond i t ion  (Figure).  

I n c r e a s i n g  doses of l i t h i u m  chlor ide  r educed  b i t i n g  
(F  = 7.41; d/ 2/24; p < 0.001), h e a d  m o v e m e n t  (F  = 
5.40; d~ 2/24; p < 0.001), a m b u l a t i n g  (F  = 3.72; d/2/24; 
p < 0.05) a n d  r ea r ing  (F  = 9.23; d/  2/24;  p < 0.001). 
F reez ing  b e h a v i o u r  was  r educed  in female  r a t s  bu t ,  s ince 
a c t i v i t y  t e n d e d  n o t  to  occur  to  a n y  g r e a t  degree  in t h e  
ma le  a n i m a l s  even  u n d e r  p lacebo  t r e a t m e n t ,  t h e r e  was a 
r e s u l t a n t  s e x •  i n t e r a c t i o n  ( F  = 4.60; d/  2/24; p 
< 0.05). A s imi la r  sex effect  was  n o t e d  in s c r a t c h i n g  
behav iou r ,  t he  males  aga in  showing  no  v a r i a t i o n  w i t h  
d r u g  dosage,  b u t  t he  females  inc reas ing  t h e i r  s c r a t c h i n g  
as t he  l i t h i u m  chlor ide  dose was raised,  p r o d u c i n g  a 
s ign i f ican t  overa l l  dose effect  ( F  = 4.04; d/ 2/24; p < 
0.001). W h e n  all  ac t iv i t i e s  i nvo lv ing  t h e  m o u t h  a n d  nose  
(sniffing, g rooming  w i t h  t he  t ee th ,  l ick ing t h e  geni ta l ia ,  
voca l i z ing ,  a n d  sneezing) were  pooled,  i t  was  found  t h a t  
l i t h i u m  chlor ide  s ign i f i can t ly  r educed  t h e  c o m b i n e d  score 
( F  = 9.56; d/ 2/24; p < 0.001). Bi t ing ,  w h i c h  h a d  been  
found  to  be  affected b y  l i th ium,  was o m i t t e d  f rom the  
pooled o ra l / na sa l  a c t i v i t y  score. 

Discussion. Decreases  in r ea r ing  a n d  genera l  a m b u l a -  
t ion  scores h a v e  been  n o t e d  previous lya ,  4 a n d  h a v e  been  
r e l a t ed  to a r educed  respons iveness  of t h e  l i t h i u m  t r e a t e d  
a n i m a l  to  e n v i r o n m e n t a l  s t i m u l a t i o n  ~. A s imi la r  exp l ana -  
t ion  m i g h t  be  e x t e n d e d  to  t h e  p r e s e n t  f ind ings  f rom some 
o t h e r  fo rms  of ac t iv i ty .  B i t i ng  may,  for  example ,  be  
cons idered  as a n  e n v i r o n m e n t - d i r e c t e d  response,  a n d  
freezing as i t  is def ined here  p r o b a b l y  occurs  as a defens ive  
r eac t ion  to s l ight  b u t  s u d d e n  changes  in su r round ings .  
H e a d  m o v e m e n t s  a re  ce r t a in ly  r e l a t ed  to  o l f ac to ry  a n d  

4 F. N. JOHNSON and S. WORMINGTON, Nature New Biol. 235, 159 
(1972). 
F. N. JOHNSON, Dis. nerv. Syst. 33, 235 (1972). 

Statistically non-significant effects of lithium on the frequency of 
various forms of activity 

Behaviour component Treatment 

Placebo Lithium (mmoles/kg i.p.) 
2.0 4.0 

Crouching 28 33 32 
Jumping 2 4 0 
Twitching 0 0 1 
Shaking 0 1 0 
Trembling 0 4 0 
Body arching 2 2 2 
Stretching 16 16 8 
Head grooming 2 5 9 

Oral/nasal activities 
Sniffing I16 63 75 
Grooming with teeth 23 20 11 
Licking genitalia 12 4 3 
Vocalizing 5 0 3 
Sneezing 5 7 6 

Results for both sexes and all 6 test sequences have been pooled. 
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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.  

s M. NACHMAN, J. comp. physioh Psycho1. 56, 343 (1963). 
M. SeHou and K. THOMSE~, in Lithium Research and Therapy 
(Ed. F. N. JOHNSON; Academic Press, London 1975), p. 63. 

The Act ion  of Subs tance  P on M e s e n c e p h a l i c  Ret icu lar  and Subs tant ia  N i g r a l  N e u r o n e s  of the Rat  

R.  J .  WALKER, J. A. KEMP, H. YAJIMA 1, K. KITAGAWA a n d  G. N.  WOODRUFF 

Department o/Physiology and Biochemistry, University of Southampton, Southampton S09 5NH (England), and Faculty 
of Pharmaceutical Sciences, Kyoto University, Sakyo-ku, Kyoto (Japan), 27 August 7975. 

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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