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Summary. A r g u m e n t s  p r e s e n t e d  a g a i n s t  a h y p o t h e s i s  of the  m e c h a n i s m s  u n d e r l y i n g  t h e  b e h a v i o u r a l  effects  of l i t h i u m  
ions are e x a m i n e d  a n d  found  to be i n a d e q u a t e  in a n u m b e r  of i m p o r t a n t  respects ,  inc lud ing  some  of a logical na tu r e .  

I n  an  i n t e r e s t i ng  p a p e r  b y  SMITH ~ our  i n t e r p r e t a t i o n  
of t he  d i f ferent ia l  effects  of l i t h i u m  chlor ide on compo-  
n e n t s  of m o t o r  a c t i v i t y  in r a t s  2-4 ha s  been  ques t i oned  on 
a n u m b e r  of g rounds .  

T he  cen t r a l  issue conce rns  t he  poss ib i l i ty  t h a t  nox ious  
effects  m a y  follow i.p. in jec t ion  of doses  of 6 m E q  LiC1/kg 
a d m i n i s t e r e d  in v o l u m e s  of 0.1 ml /100 g sub j ec t  b o d y  

Fig. 1. Venn diagrams to illustrate the logic of the conclusions drawn 
by JOHNSON 3. A) the class of behaviours which are stimulus con- 
trolled; B) the class of behaviours which occur in the test apparatus; 
C) the class of behaviours affected by LiC1; B1) rearing activity; Be) 
horizontal activity. A conclusion of the form 'lithium affects vertical 
rearing activity which belongs to a class of behaviours which are 
stimulus controlled' is not only fully justified by the evidence, but is 
also not incompatible with the additional possibilities that lithium 
affects other types of behaviour too, including some which are stimu- 
lus-independent and fails to affect still others, some of which may be 
stimulus-dependent. 
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Fig. 2. A comparison of the techniques used by SMITH 1 and JOHN- 
sos  3 to record vertical rearing activity. Using an analogue print-out 
curve and the definition of a rearing response given in the text, 
JOHNSON would designate all the peaks A to F as rearing responses; 
SMIT~, on the other hand, using a fixed criterion would record only 
peaks A and E as rearing responses (using, for example, Criterion 2), 
or only A, D and E (using Criterion 1). No fixed criterion value would 
lead to all the peaks being designated as rearing responses. 

weight .  T h e  b e h a v i o u r a l  s igns  ind ica t ive  of t i s sue  d a m a g e  
no t e d  b y  SMITH were n o t  obse rved  in our  own s tud ies ,  
t h o u g h  i t  is t r ue  t h a t  a mi ld  pos t - in j ec t ion  s y n d r o m e  has  
been  descr ibed  p r e v ious ly  5 a nd  in one of our  ear ly  r epo r t s  
we recorded skin u l ce ra t ion  r e su l t i ng  f rom s.c. a d m i n i s -  
t r a t i o n  of LiC1 ~. The  d i s c r e pa n t  r e su l t s  m a y  in p a r t  be 
a c c o u n t e d  for by  di f ferences  in t he  s t r a in s  of a n i m a l s  
u se d :  whi [ s t  SMITH e m p l o y e d  a lbino W i s t a r  r a t s  our  
s tud ies  h a v e  t yp i ca l l y  invo lved  e i ther  r a t s  of t he  R o m a n  
Control  (RCA i s t r a in  2, 3 or F 1 h y b r i d s  of the  R o m a n  H i g h  
a nd  Low  A vo ida nc e  s t r a i n s  6, ~. 

SMITH conc ludes  t h a t  t he  b e h a v i o u r a l  effects  p roduc ed  
b y  l i t h i u m  in our  a n i m a l s  r e su l t ed  f rom nonspeci f ic  ad-  
verse  ac t ions  of LiC1, a nd  t h a t  t h e y  could  no t  h a v e  been  
due  to  a d r u g  ac t ion  on be ha v iou ra l  m e c h a n i s m s  alone.  
I t  could,  however ,  be a rgue d  t h a t  if a d rug  p roduc e s  a 
b e h a v i o u r a l  effect  t h e n  w h a t e v e r  m e c h a n i s m  is i nvo lved  
is ipso [acto a b e h a v i o u r a l  con t ro l  m e c h a n i s m ,  a n d  I h a v e  
sugges t ed  e lsewhere  s t h a t  t he  d i s t inc t ion  w h ic h  is fre- 
q u e n t l y  d r a w n  be tw e e n  toxic  a n d  non - tox i c  d r u g  effects ,  
pa r t i c u l a r l y  in a n i m a l  s tudies ,  is to a large e x t e n t  an  
a r b i t r a r y  one and  m a y ,  indeed,  be i r r e levan t  to  t he  pro-  
cess of h y p o t h e s i s  c o n s t r u c t i o n  wh ich  follows t he  com-  
p le t ion  of a n  empir ica l  d r u g  s t udy .  

I t  should ,  in a n y  case,  be no ted  t h a t  SMITH i n v e s t i g a t e d  
on ly  one dose level of LiC1. In  severa l  s tud ies  ~, 7 we h a v e  
r epor t ed  s imi la r  b e h a v i o u r a l  effects  of LiC1 even  w h e n  
e m p l o y i n g  m u c h  lower dose levels a n d  cons ide rab ly  less 
c o n c e n t r a t e d  so lu t ions .  Thus ,  in a n  i nves t i ga t i on  in to  t h e  
effects  of LiCI on learned  re sponses  ~, a dose of 3 m E q  
LiC1/kg in v o l u m e s  of 0.1 ml /100  g b o d y  w e igh t  was  used,  
whi l s t  in a c o m p a r a t i v e  s t u d y  of t he  effects  of va r i ous  
alkali  m e t a l  chlor ides  on ver t i ca l  rea r ing  6 a dose of on ly  
1 m E q  LiC1/kg was  de l ivered  in v o l u m e s  of 0.5 ml /100 g 
b o d y  weight ,  i.e., 30 t i m e s  less c o n c e n t r a t e d  t h a n  t h e  
so lu t ions  i n v e s t i g a t e d  by  SMITH. 

Since ver t i ca l  a n d  ho r i zon ta l  c o m p o n e n t s  of a c t i v i t y  
h a v e  been  show n  to be d i f ferent ia l ly  supp re s sed  b y  LiC1 
t he  b e h a v i o u r a l  effects  w h ic h  th i s  s u b s t a n c e  p roduc es  
are un l ike ly  to de pe nd  u p o n  n o t h i n g  more  t h a n  di f fuse  
t i s sue  d a m a g e  which  would  be expec ted  to p roduc e  im-  
p a i r m e n t s  across  a b roa d  s p e c t r u m  of act ivi t ies .  

In  t he  f i rs t  r epor t  to  a p p e a r  of t he  ac t ion  of LiC1 in 
s u p p r e s s i n g  ver t ica l  r ea r ing  a c t i v i t y  in r a t s  2, doses  of 
2 m E q / k g  p roduced  th i s  effect  even  t h o u g h  t he  in jec t ions  
were p e r f o r m e d  no t  i.p. b u t  s.c. I t  is dif f icul t  to see h o w  
the  re su l t s  could  t h e n  h a v e  been  an  a r t i f ac t  of d a m a g e  
occur r ing  a t  i n t r ape r i t onea l  sites. 

1 D. F. SMITH, Experientia 32, 1320 (1976). 
2 F. N. JOHSSON and S. WORMINGTON, Nature, Loud. 235, 159 
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SMITH descr ibes  as a non sequitur, and  therefore  falla- 
cious, m y  conclus ion  t h a t  (to quo te  SMITH) ' env i ron-  
m e n t a l  s t imul i  af fected con t ro l  r a t s  and  LiCl - t rea ted  ra t s  
d i f fe ren t ly '  1 : i t  m i g h t  well  h a v e  been  h a d  I in fac t  d r a w n  
t h a t  conclusion.  W h a t  I a c tua l l y  said was t h a t  ' l i t h ium 
c h l o r i d e . . ,  ac ted  to  suppress  se lect ively  ac t i v i t y  which  
was s t imu lus  con t ro l led  '3. My s t a t e m e n t  was careful ly  
chosen  to con fo rm w i t h  t he  logic of the  e x p e r i m e n t  and  
t he  r a t iona le  can  be  i l l u s t r a t ed  m o s t  d i rec t ly  b y  the  use 
of V e n n  d i a g r a m s  (Figure 1). 

Of course, t he  form of ana lys i s  appl ied  in F igure  1 to  
t he  b e h a v i o u r a l  effects  of LiC1 does n o t  a p p l y  if LiC1 
e i the r  fails to  af fec t  ve r t i ca l  a c t i v i t y  or fails to  do so 
d i f fe ren t ia l ly  as c o m p a r e d  to measures  of ho r i zon ta l  
ac t iv i ty .  SMITH m a d e  no  t e s t  of the  l a t t e r  possibi l i ty ,  b u t  
he  did  conf i rm t h a t  LiC1 reduced  rea r ing  s ign i f ican t ly  
w h e n  c o m p a r e d  w i t h  N aCl - t r e a t ed  con t ro l  rats ,  a lbe i t  
on ly  in t he  f i rs t  5 ra in  of t he  t e s t  period.  However ,  he  
fai led to conf i rm t h a t  ve r t i ca l  m o v e m e n t s  fall in to  t he  
class of b e h a v i o u r s  which  are  s t imu lus  control led.  The  
e x p l a n a t i o n  for th i s  m a y  lie in the  m e t h o d s  used to  record  
rea r ing  ac t iv i ty .  SMITH employed  a f ixed cr i te r ion  of 
r ea r ing  h e i g h t  (9 cm a b o v e  t he  floor of t he  appa ra tu s )  
a n d  a h a n d - o p e r a t e d  recorder .  In  our  s tudies  we recorded  
ve r t i ca l  m o v e m e n t s  in  an  ana logue  form on a m o v i n g  pen  
recorder ,  def in ing  a r ea r  as a ' p e a k  on  the  a c t i v i t y  record  
wh ich  was p receded  b y  a rise of a t  leas t  1 cm f rom the  
p rev ious  low p o i n t  an d  followed b y  a drop  of a t  leas t  1 cm 
to t he  n e x t  low p o i n t '  2. This  sys tem,  which  does n o t  
d e p e n d  on a f ixed c r i te r ion  of r ea r ing  h e i g h t  a r b i t r a r i l y  
imposed  b y  the  e x p e r i m e n t e r  (Figure 2), was  chosen  be- 
cause we h a d  found,  in p rev ious  work  us ing  o the r  d rugs  9, 

t h a t  i t  enab l ed  qu i te  sub t le  d rug  effects  to  be de tec ted  in 
a way  n o t  possible  b y  s imple  o b s e r v a t i o n a l  t echniques .  
In  la te r  s tud ies  6 we f u r t h e r  ref ined our  record ing  m e t h o d  
to  p rov ide  g rea t e r  sens i t iv i ty ,  b y  us ing  t he  i n t eg ra t ed  
area  u n d e r  t he  ana logue  cu rve  as our  index  of ver t ica l  
ac t iv i ty .  

Using  our  record ing  t e c h n i q u e  we were able  to  es tab l i sh  
t he  s t imu lus -dependence  of r ea r ing  behav iour ,  conf i rming  
t he  f ind ing  of p rev ious  workers  10. 

M a n y  of the  b e h a v i o u r a l  effects of l i t h ium m a y  be v e r y  
sub t le  n a n d  sub jec t  to  the  inf luence  of fac tors  still  to  be  
e luc ida ted :  t he  a p p a r e n t l y  c o n t r a d i c t o r y  f ind ings  which  
are so cha rac t e r i s t i c  of s tudies  invo lv ing  l i t h i u m  12 m a y  
well  s t em f rom differences in  b e h a v i o u r a l  record ing  tech-  
niques.  I t  has,  I t h ink ,  to  be  r e m e m b e r e d  t h a t  fai lure to  
rep l ica te  a n  e x p e r i m e n t a l  f ind ing  can  h a v e  m a n y  causes, 
all of wh ich  need  to  be carefu l ly  explored  before  f i rm 
conclusions  m a y  be  d rawn.  I t  is a c o m m o n  er ror  to  con-  
fuse a fai lure  to  rep l ica te  an  e x p e r i m e n t a l  f ind ing  w i t h  
the  r e f u t a t i o n  of a n  hypo thes i s  ba sed  upon  t h a t  f inding,  
a n d  SMITH'S da ta ,  whi l s t  i n t e r e s t i ng  in themselves ,  do no t  
w a r r a n t  his  conclus ion a b o u t  the  fa ls i ty  of our  hypo thes i s  
conce rn ing  t he  mode  of ac t ion  of l i t h i u m  sal ts  in modi-  
fying behav iour .  

9 A. KEENAN and F. N. JOHNSON, Experientia 28, 428 (1972). 
10 H. C. HOLLAND, B. D. GUPTA and E. WELDON, Aetiv. nerv. Super. 

8, 140 (1966). 
11 F. N, JOHNSON, Experientia 32, 212 (1976). 
12 F. N. JOHNSON, in Lithium Research and Therapy (Ed. F. N. 

JOHNSON; Academic Press, London 1975), p. 315. 
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Summary. A new m e t h o d  'is descr ibed  of cu l tu re  of m a m m a l i a n  t issue cells b e n e a t h  a solid med ium,  p e r m i t t i n g  the  
a s ses smen t  of g r o w t h - p r o m o t i n g ,  g r o w t h - i n h i b i t i n g  and  c h e m o t a c t i c  subs tances .  

Chen lo tax i s  in  m a m m a l i a n  leucocytes  has  been  g rea t ly  
clarif ied since t he  i n t r o d u c t i o n  of t he  HOYDEN c h a m b e r  2, 
b u t  t he  equa l ly  i m p o r t a n t  p r o b l e m  of de t ec t ing  chemo-  
t ax i s  in t i ssue  cells such  as f ib rob las t s  and  s m o o t h  muscle  
cells ha s  n o t  ye t  been  solved.  

One a p p r o a c h  would  be to  cu l tu re  cells in  a solid 
med ium,  in wh ich  di f fus ion g rad ien t s  can  be es tab l i shed ;  
t he  m e d i u m  m u s t  h o w e v e r  lack a f ibr i l lar  s t ruc tu re ,  be- 
cause  cu l t u r ed  cells t e n d  to grow a long  fibres. Accord ing ly  
t he  use of cu l tu re  med ia  c o n t a i n i n g  agar  was  inves t iga ted .  

Commerc ia l  p r e p a r a t i o n s  of aga r  were found  to h a v e  
v a r y i n g  p rope r t i e s ;  t he  lowest  c o n c e n t r a t i o n  to p roduce  
a solid (not  s loppy) m e d i u m  a t  room t e m p e r a t u r e  was 
ach ieved  b y  me l t i ng  17 ml  of 3% agar  (Oxoid) and  add ing  
83 ml  of cu l tu re  m e d i u m  w h e n  i t  h a d  cooled to approx .  

54~ The  m e d i u m  used was Dulbecco  and  Vogt ' s  modi-  
f ica t ion  of m i n i m a l  Eag le ' s  m e d i u m  con ta in ing  10% 
foeta l  calf  s e rum (Flow Labora to r ies ,  Scot land) .  The 
m i x t u r e  was m a d e  u n d e r  steri le cond i t ions  a n d  in t roduced  
in to  60 mm.  Fa l con  p las t ic  t i ssue  cu l tu re  dishes (4 ml  in  
each).  

Mouse f ib rob las t s  of the  3T6 line were c o n c e n t r a t e d  in 
suspens ion  in f luid m e d i u m  fol lowing t r yps in i za t i on  and  a 
drop  of suspens ion  was inocu la ted  on  to  the  surface of t he  
solid m e d i u m  a t  room t e m p e r a t u r e .  The  dishes  were in-  
c u b a t e d  a t  37~ in sealed F i lde ' s  jars ,  a f te r  gassing w i t h  
20% 02 , 5% CO 2 and  75% N 2 i n o r d e r  to  buffer  the  bi-  
c a r b o n a t e - c o n t a i n i n g  med ium.  

Fig. 1. Diagram of culture system. 

1 Our thanks are due to Mr. D. S. LEAKE, who provided the smooth 
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