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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 
muscle cell suspensions; and to Mr. J. F. STEVENSON, for expertise 
in preparing the medium. This work is supported by the British 
Heart Foundation, Grant No. 528. 

2 S. V. BOYI)EN, J. exp. Med. 715, 453 (1962). 
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After  4 days,  mos t  of the  cells remained  on the  surface 
of the  solid m e d i u m  as spherical  clusters of abou t  20-50 
cells, b u t  some were found to have  migra ted  th rough  the  
medium,  appear ing  as f l a t t ened  individuals  on the  floor 
of the  dish. In  subsequen t  exper iments ,  therefore,  the  
cell suspens ion  was inocula ted  direct ly  on to the  floor 
of t he  dish, af ter  cu t t ing  a cent ra l  5 m m  well th rough  the  
whole th ickness  of the  medium.  After  incuba t ion  for 14 
days  these  cells had  prol i fera ted  centr i fugal ly  benea t h  
the  gel to  p roduce  a circular monolayer  abou t  1 cm in 
d iamete r  clearly visible to the  naked  eye (Figure 1). Sub- 
cul tures  into fluid med ium showed t h a t  the  cells survived 

Fig. 2. Pattern of distribution of 3T6 fibroblasts after 14 days in- 
cubation. Haematoxylin and eosin. • 7. 

in these  condi t ions  up to 6 weeks af ter  inoculat ion,  wi th-  
out  any  fu r ther  addi t ion  of medium.  This long survival  
suggests  appl ica t ions  as a t r a n s p o r t  medium.  

The expe r imen t  was then  repea ted  using smoo th  
muscle cells, cu l tured  in vi t ro  f rom exp lan t s  of pig aort ic  
media.  These ceils did no t  survive,  so the  exper iments  
were again r epea t ed  using, ins tead  of agar,  3% agarose 
(initially agarose F.3083, la ter  Indubiose  A.45, L ' I n d u s -  
tr ie Biologique Francaise ,  S.A.). This change was sug- 
gested by  CUTLER'S use of agarose-conta in ing  media  3, in 
a ve ry  similar sys tem,  for the  de tec t ion  of neu t rophi l  
chemotaxis .  In  agarose medium,  the  s mo o t h  muscle ceils 
f l a t t ened  on the  floor of the  dish and  survived for up to 
3 weeks b e n e a t h  the  m e d i u m  close to  t he  cent ra l  well; t he  
ra te  of cell prol i fera t ion was much  less t h a n  t h a t  of the  
3T6 fibroblasts ,  b u t  for the  p resen t  purpose  t h a t  is of no 
consequence.  

E x p e r i m e n t s  are now in progress  in which mater ia ls  
are in t roduced  in to  shallow wells in the  per iphery  of the  
medium.  These expe r imen t s  suggest  t h a t  the  d is t r ibu t ion  
p a t t e r n  of the  cells can be modif ied  by  th is  means ;  and  
therefore  t h a t  t he  t echn ique  is sui table  for t he  de tec t ion  
of bo th  chemotax i s  and g rowth -p romot ing  subs tances  
(GOLD, TAYLOR, LEVENE and MITCHINSON, unpublished 
results).  

An expe r imen t  can be concluded a t  any  conven ien t  
t ime b y  f ixing the  adhe ren t  cells in si tu by  the  addi t ion  
of f ixat ives  such as formol  saline and  then  t ipp ing  the  
solid disc of med i u m out  of the  plate.  The cells can t h e n  
be s ta ined by  var ious  rout ine  me t h o d s  (e.g. haema toxy l in  
and eosin) but ,  because xylene dissolves the  plastic,  
araldi te  should be used as the  m o u n t a n t .  I n  this  way  a 
p e r m a n e n t  record of t he  g rowth  p a t t e r n  is ob ta ined  
(Figure 2). Vv*e believe the  t echn ique  has broad  appli-  
cations.  

a j.  F. CUTLER, Proc. Soc. exp. Biol. Med. ld7, 471 (1974). 
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Summary. Using R a m a n  spect roscopy,  we d e m o n s t r a t e  t h a t  low levels of fl-carotene, lycopene,  and  x a n t h o p h y l l  give 
rise to resonance  enhanced  bands  in blood plasma.  These results  explain t he  significance of previously  unident i f ied  
spect ra l  m a x i m a  which  have  been  re la ted  to  the  s ta te  of hea l th  of the  blood donor.  

In  1974 LARSSON and  HELLGREN 1 repor ted  t h a t  b o t h  
the  R a m a n  and  fluorescence spec t ra  of h u m a n  blood 
p l a sma  change  marked ly  depending  on the  s ta te  of hea l th  
of t he  individual .  The laser R a m a n  spec t rum of blood 
p l a sma  exhibi t s  th ree  sca t te r ing  max ima  super imposed  
on a f luorescence background.  We now repor t  t h a t  these  
previous ly  unident i f ied  bands  1 arise f rom the  carotenoids  
in blood plasma,  and thus  r epo r t  the  di rect  de tec t ion  of 
caro tenoids  in blood p lasma  by  resonance R a m a n  spect ro-  
scopy. 

Carotenoid p igmen t s  are in tense ly  coIored, and t h ro u gh  
the  coupling of electronic and  v ibra t iona l  modes  give rise 
to a resonance  enhanced  s p ec t ru m which can be de tec ted  
at  10 -7 M 2, a. Prev ious  work  has shown t h a t  caro tenoids  
are carried by  p lasma  prote ins  a t  levels of ca. 10 .6 M *. 
Thus,  we bel ieved t h a t  direct  observa t ion  of carotenoids  
by  the  resonance  R a m a n  techn ique  should be p o s s i b l e .  
Repe t i t ive  measu remen t s  on h u m a n  blood p lasma showed 
the  three  m a x i m a  at  1517, 1157 and  1005 cm -1 (Figure a, 
Ar+ laser a t  514.5 nm). These frequencies  and re la t ive  

Resonance Raman spectra (cm -I) in chloroform 

/~-Carotene 

Lit.s,a Authenticsanlple ~ Fraction I 

Lycopene Xanthophylls 

Lit.2,a Fraction II Authentic sampleb Fraction III 

v 2 1527 1523 1523 
v 1 1158 1157 1157 
v 4 1006 1006 1006 

1516 1516 1525 1525 
1156 1155 1158 1157 
1004 1004 1007 1.005 


