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SMITH, D. F. Locomotor activity and plasma, red blood cell and cerebral cortex lithium concentration in inbred mice 
given lithium carbonate. PHARMAC. BIOCHEM. BEHAV. 5(4) 379-382,  1976. - Inbred male C57, BALB, C3H and DBA 
mice received lithium carbonate in their food for 3 weeks. Their locomotor activity was measured by photocells and the 
concentration of lithium in their plasma, red blood cells and cerebral cortex was determined. The susceptibility of the 
inbred strains of mice to the activity-suppressant effect of lithium was C3H>DBA>BALB = C57. The concentration of 
lithium in plasma varied between 0.85-1.02 mEq/1. No relationship was found between litbium's pharmacokinetics and its 
effects on activity. The findings are consistent with the notion that genetic factors can influence the effects of lithium on 
behavior, but they do not support the hypothesis that genetic determination of lithium's uptake into cells is responsible for 
these effects. 
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THE .role of  gene t ic  fac tors  in manic-depress ive  illness is 
wel l -es tabl ished [ 1 8 , 2 2 ] ,  bu t  the i r  role in the  ef fec ts  of  
l i th ium on man ia  and  depress ion  has  received a t t e n t i o n  
on ly  recent ly .  Benef ic ia l  ef fects  of  l i t h ium t r e a t m e n t  were 
observed more  o f t e n  in manic-depress ive  pa t i en t s  wi th  a 
posi t ive family  h i s to ry  of  affect ive  illness t h a n  in pa t i en t s  
w i t h o u t  such a h i s to ry  [ 14] .  The  best  long- te rm p rophy l -  
actic ef fec t  of  l i t h ium was f o u n d  in manic-depress ive  
pa t i en t s  wi th  the  h ighes t  m o r b i d i t y  risk of  psychic  dis- 
orders  in the i r  families [ 2 4 ] .  Gene t i c  d e t e r m i n a n t s  were 
d e m o n s t r a t e d  in the  u p t a k e  of  l i t h ium in to  h u m a n  red 
b lood  cells [ 4 ] ,  and  an associa t ion  was f o u n d  b e t w e e n  
clinical i m p r o v e m e n t  dur ing  l i t h ium t r e a t m e n t  and high red 
b lood  cell l i t h ium:  p lasma l i t h ium ra t ios  in depressed 
pa t i en t s  [ 1 2 ] .  Mendels  h y p o t h e s i z e d  t ha t  genet ic  deter-  
m i n a t i o n  of  the  u p t a k e  of  l i t h ium in to  cells m ay  play  a role 
in the  effects  of  l i t h ium on  manic-depress ive  illness [ 13] .  

The  presen t  e x p e r i m e n t  was carr ied ou t  to  s tudy  f u r t h e r  
w h e t h e r  gene t ic  fac tors  play a role in the  effects  of  l i th ium.  
Inb red  s t ra ins  of  mice were used because  the  d i f fe rences  in 
the i r  s p o n t a n e o u s  act ivi ty  provide  a mode l  sys tem to tes t  
tile role of  genet ics  in the  effects  of  drugs [3,11 ] ; C57 mice 
are relat ively active,  BALB mice tend  to be inact ive,  while 
DBA and C3H mice show i n t e r m e d i a t e  levels of ac t iv i ty  
[ I0 ,  20, 21 ] .  In the  p resen t  s tudy  the  act iv i ty  of  these  
inbred  s t ra ins  of  mice was measu red  a f te r  long- te rm 
a d m i n i s t r a t i o n  of  l i t h ium c a r b o n a t e  in o rder  to  d e t e r m i n e  
w h e t h e r  the re  were genet ic  d e t e r m i n a n t s  in the  ef fec ts  of  
l i t h ium on behavior .  In add i t ion ,  the  c o n c e n t r a t i o n  of  

l i th ium in the  plasma,  red b lood  cells and cerebral  cor tex  in 
the  mice was measured  to tes t  the  h y p o t h e s i s  t ha t  genet ic  
d e t e r m i n a t i o n  of  l i t h ium up take  in to  cells plays a role in 
the  effects  of l i t h ium on behav io r  [ 13] .  

METHOD 

Animals  

Male 3 - 4  week old C 5 7 / B 1 / 6 J ,  BALB/c /A ,  D B A / 2 J  and 
C 3 H / T i f  mice were purchased  all at  once  f rom 
Bomho ldgaa rd  in Ry, Denmark .  The  mice were housed  in 
groups  of  8 in 40  x 25 x 15 cm clear plast ic  cages in a 
t he rmos ta t i ca l ly  con t ro l l ed  room (23°C)  on  a 12 hr  
l ight-dark cycle (l ights on  8 a.m. to 8 p.m.).  They  had  free 
access to  tap water  and  to a wet  mash  diet  [15] con ta in ing  
600 m m o l  Na+/kg dry weight ,  700 m m o l  K+/kg dry weight,  
and e i ther  no  l i th ium (con t ro l  g roups)  or l i th ium ca rbona t e  
( l i th ium groups).  The  c o n c e n t r a t i o n  of  l i t h ium in the  diet  
was increased f rom 20 to 40 to 80 and f inal ly to  120 
m m o l / k g  dry weight  at 4 day intervals.  The  mice were 
weighed twice  a week and  the i r  wate r  in take  was measured  
periodical ly .  

Procedure 

Act iv i ty  tests  t o o k  place af te r  the  mice had  the  120 
m m o l  l i t h i u m / k g  dry  weight  diet  for  one  week.  The tes ts  
were carr ied ou t  b e t w e e n  10 a.m. and 1 p.m. in a room 
wi th  f luorescen t  l ight  i n t ens i ty  of  500 foo t cand le s  and  
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background noice of  20 decibels p roduced  by an electric 
motor .  Before the activity tests the mice were placed 
individually for 5 min in a cylindrical glass holding cage 14 
cm in dia. Then they  were t ransferred one at a t ime to a 40 
× 25 x 15 cm clear plastic cage placed be tween  four  
equally spaced photocel l s  located 2 cm above the f loor 
along the longest  side of  the cage. In te r rup t ion  of  a light 
beam by the mouse activated an au tomat ic  counter .  The 
total  n u m b e r  of  counts  recorded during 5 min in the test  
cage was used as the measure of  activity. 

At 1 0 - 1 1  a.m. on the day after  the activity test,  b lood 
samples were drawn f rom the vena cava of  the mice under  
e ther  anesthesia into preweighed hepar inized test  tubes. 
Then the mice were decapi ta ted  and samples of  the left 
cerebral cor tex were taken and placed in preweighed test 
tubes. The b lood samples were centr i fuged at 1,000 G for 
30 min. Duplicate samples of plasma were di luted 1:40 
(v:v) in demineral ized water  for l i thium de te rmina t ion  by 
flame p h o t o m e t r y  [2] .  The rest of  the plasma was removed 
f rom the red blood cells and discarded. The red blood cells 
were weighed and then  broken  by addi t ion of 6% butanol  
1:19 (w:v) [7 ] ,  vigorously shaken and s tored at 4°C 
overnight.  The next  day the samples were shaken vigorously 
and centr i fuged at 3,000 G for 15 min at room tempera-  
ture. Duplicate samples of the superna tan t  were di luted 
1:40 (v:v) in demineral ized water  for l i thium de te rmina t ion  
by flame p h o t o m e t r y  using acetylene gas. A correct ion for 
t rapped plasma volume of  3% was used in the calculat ion of  
red b lood cell l i thium concen t ra t ion  [5] .  Cerebral cor tex 
samples were cooked for 1 hr in 1 ml concen t ra ted  nitric 
acid in a boiling water  bath.  Then they were diluted with 
demineral ized water  to a final volume of 1:20 (w:v),  shaken 
vigorously and centr i fuged at 3,000 G for 15 min. 
Duplicate samples of  the superna tant  were di luted 1:40 
(v:v) in demineral ized water  for l i thium de te rmina t ion  by 
flame p h o t o m e t r y  using acetylene gas. Samples of red 
blood cells and cerebral cor tex f rom contro l  mice were used 
to make s tandard solut ions for the l i thium determinat ions .  

Statistical significance of results was de te rmined  by 
1-way and 2-way analysis of variance and S tuden t ' s  t-tests. 

RESULTS 

All groups of  mice showed a weight gain of 1 - 2  g per 
day. Li thium adminis t ra t ion  did not  significantly affect  
body weight gain. Water intake averaged 6 - 1  1 ml /mouse /  
day in contro l  groups as well as in BALB, C3H and DBA 
li thium groups,  while water  intake increased significantly 
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HG. 1. Effect of long-term lithium carbonate administration on 
spontaneous activity in four inbred strains of mice. Values are 
means + SEM for 8 mice per group. * and ** indicate significant 

difference from control group (p's<0.025 and 0.01, respectively). 

(p<0 .05)  to 24 ml /mouse /day  in the C57 l i thium group 
prior to the activity test. 

Figure 1 shows the results of  the activity tests. As 
expected ,  there were significant dif ferences  in activity 
among the inbred strains of  mice, F(3,56)  = 41.0, p< 0 .001 .  
In the control  groups,  C57 mice were significantly more  
active than all o the r  groups (p ' s<0 .01) ,  while DBA mice 
were significantly more active than the C3H and BALB 
mice (p ' s<0 .05) .  Li thium adminis t ra t ion  significantly 
reduced activity,  F(1,56)  = 12.3, p < 0 . 0 0 5 ;  it was signifi- 
cantly decreased in the C3H and DBA mice (p ' s<0.01 and 
0.025, respectively),  but  not  in BALB and C57 mice 
compared  to the respective contro l  groups. 

Table 1 presents  the data on the concen t ra t ion  of  
l i thium in plasma, red blood cells and cerebral cor tex in the 
l i thium groups. The concen t ra t ion  of l i thium in plasma 
differed significantly be tween the groups,  F(3 ,28)  = 2.99, 
p <0 .0 5 ;  it was significantly higher in the C3H mice than in 
the DBA and BALB mice (p ' s<0 .05)  and also higher in the 
C57 mice compared  to the DBA mice (p<0 .05) .  There were 
no significant d i f ferences  be tween  the groups in the red 

T A B L E 1  

LITHIUM CONCENTRATION IN PLASMA, RED BLOOD CELLS (RBC) AND CEREBRAL CORTEX IN 
INBRED STRAINS OF MICE GIVEN LITHIUM CARBONATE.  VALUES ARE MEANS _+ SD FOR 8 

ANIMALS 

Plasma Li + RBC Li ÷ Cortex Li + RBC:Plasma Cortex:Plasma Cortex:RBC 
Strain mEq/l mEq/kg mEq/kg Li + ratio Li + ratio Li + ratio 

BALB 0.87 _+ 0.13 1.01 _+ 0.09 1.30 _+ 0.29 1.18 _+ 0.12 1.55 _+ 0.50 1.30 + 0.36 
C3H 1.02 _+ 0.17*t 1.18 _+ 0.16 1.37 + 0.35 1.17 _+ (/.10 1.34 _+ 0.26 1.16 _+ 0.25 
DBA 0.85 _+ 0.11 1.09 _+ 0.23 1.23 +_ 0.20 1.23 _+ (I.12 1.47 _+ 0.29 1.15 _+ 0.17 
C57 1.00 _+ 0.16" 1.20 _+ 0.13 1.40 +_ 0.20 1.21 + 0.09 1.42 _+ 0.21 1.18 +_ 0.18 

* = significantly greater than in DBA mice (0<0.05). 
* = significantly greater than in BALB mice (p<0.05). 
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b lood  cell l i t h ium c o n c e n t r a t i o n ,  the  cerebra l  cor tex  
l i t h ium c o n c e n t r a t i o n ,  the  red b lood  cell l i th ium:  p lasma 
l i t h ium rat io,  the  cerebra l  co r t ex  l i th ium:  p lasma l i t h ium 
ratio,  and  the  cerebral  cor tex  l i th ium:  red b lood  cell 
l i t h ium ratio.  

DISCUSSION 

The  main  f ind ing  in this  s t udy  is the  d i f fe rence  in the  
effects  of  l i t h ium  on  act iv i ty  in inbred  mice;  the  suscep- 
t ib i l i ty  of  the  mice to the  ac t iv i ty - suppressan t  e f fec t  of  
l i t h ium was C 3 H > D B A > B A L B  = C57. This  f inding 
suppor t s  the  n o t i o n  t h a t  genet ic  fac tors  play a role in the  
effects  of l i t h ium on  behavior .  

A re la t ionsh ip  fai led to occur  b e t w e e n  l i t h ium 
p h a r m a c o k i n e t i c s  and  the  effects  of  l i t h ium on  act ivi ty.  
The  c o n c e n t r a t i o n  of  l i t h ium in p lasma was unre la t ed  to 
the  ef fec ts  of  l i t h ium on  act ivi ty  since the  DBA and C3H 
mice showed  the  mos t  p r o n o u n c e d  r e d u c t i o n  in act ivi ty  
dur ing  l i th ium admin i s t r a t i on ,  b u t  had  the  lowes t  and 
h ighes t  p lasma l i t h ium c o n c e n t r a t i o n s ,  respect ively.  In 
addi t ion ,  the  c o n c e n t r a t i o n s  of  l i t h ium in red b lood  ceils 
and cerebral  cor tex  as well as the  ra t ios  of  the  l i th ium 
c o n c e n t r a t i o n  in plasma,  red b lood  cells and cerebral  co r t ex  
failed to  d i f fer  b e t w e e n  the  groups.  Consequen t ly ,  these 
measures  of  l i t h ium p h a r m a c o k i n e t i c s  were no t  re la ted to 
the  d i f fe rences  in the  effects  of  l i t h ium o n  act ivi ty  in the  
mice. The presen t  f indings  provide  no  s uppo r t  for  the  
hypo thes i s  t h a t  genet ic  d e t e r m i n a t i o n  of  the  u p t a k e  of  

l i t h ium in to  cells plays an  i m p o r t a n t  role in the  effects  of 
l i t h ium on behav io r  [ 1 3 ] .  My resul ts  in mice agree wi th  
s tudies  in man  t h a t  failed to  f ind a re la t ionsh ip  b e t w e e n  
l i th ium u p t a k e  i n to  red b lood  cells and the  effects  of 
l i th ium on manic-depress ive  illness [ 1 7 , 2 3 ] .  

Of course,  the  fai lure of  a re la t ionship  to be found  
be tween  l i t h ium p h a r m a c o k i n e t i c s  and genet ic  d i f ferences  
in l i t h ium ' s  ac t ion  on  behav io r  does  no t  prove  t ha t  such a 
re la t ionsh ip  does n o t  exist  [ 8 ] .  Never theless ,  I t h ink  
a n o t h e r  hypo thes i s  ough t  to be cons idered  to a ccoun t  for  
the  genet ic  d i f ferences  in l i t h ium ' s  ef fec ts  on  behavior .  This 
h y p o t h e s i s  assumes t ha t  the re  is a re la t ionsh ip  b e t w e e n  
behav io r  and  genet ic  d i f ferences  in b iogenic  amines .  Such a 
re la t ionsh ip  has  in fact  been  observed in inbred  s t rains  of 
mice [1 ,9 ] .  L i t h ium affects  the  me tabo l i sm of  b iogenic  
amines  [6, 16, 19] ,  b u t  it is no t  ye t  k n o w n  w h e t h e r  genet ic  
fac tors  play a role in these effects.  I t  is in te res t ing  to 
speculate ,  however ,  t ha t  genet ic  d e t e r m i n a t i o n  of l i t h ium ' s  
effects  on  biogenic  amines  might  occur  and could play a 
role in genet ic  d i f ferences  in l i t h ium ' s  ac t ion  on  behavior .  
This hypo thes i s  can be tes ted  in inb red  s t rains  of  mice. 
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