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FLEMENBAUM, A. Antagonism of behavioral e.tfects ol cocaine by lithmm. PIIARMA(. BIOCHEM. BI-tlAV. 7111 
83-85 ,  1977. - Ten rats, serving as their own controls, were tested for hyperactivity IltyA) (by number of turns ot :HI 
activity wheel cagel and stereotyped behavior {SBL The animals were given one week each of acclmlation to the cages. 
saline, cocaine (19 mg/kg in 1 ec/kg saline), resL two weeks on Li('l, and a week on I.i('l plus the same dose of cocaine. 
l,iCl produced a nonsignit'icant decrease of HyA and significantly decreased cocaine SB. [he  same procedure was 
duplicated using two different dose,~ of cocaine in five animals each ~,ilh identical results. "l'he aufllor concludes lha! li  
seems to inhibit cocaine effects in animals and suggests a potential area ol research for the use of Li in humans. 

Lithium ('ocaine ttyperactivily Stereotyped behavior 

THE A U T I I O R  recent ly  repor ted  the  Li th iunl  I t . i ) i n h i b i -  
tion of  a m p h e t a n / i n e  hype rac t iv i t y  ( t t y A l  and s t e r e o t y p e d  
behav ior  ~SB) m rats a f te r  having observed that  l,i b locked 
the a m p h e t a m i n e  highs  in three clinical cases [31. Since this 
obse rva t ion ,  we have dup l ica ted  these  f indings  of  Li- 
a m p h e t a m i n e  in at least 20 more  an imals  ([ 5 ] ,  accepted  for 
pub l ica t ion) .  Because cocaine  has such  a r emarkab le  phar-  
macologica l  s imi lar i ty  to a m p h e t a m i n e  [8 ,0 ] ,  il was con- 
sidercd i tnpor tan t  to  obta in  the same kind of  data  in 
an imals  ut i l iz ing cocaine.  

MATt:RIALS ANt) ME'lilt)I) 

Male Sprague- l )awley  rats of  an initial weight  of  200 g 
were tested.  I h e  an imals  were housed  in pairs with tood 
and water  provided ad lib in a no rma l  dayl ight  p h o t o p e r i o d .  

t!very day at the same t ime,  8 :00  a.m.,  the an imals  were 
t aken  f rom their  h o u s i n g  and placed for two h o u r s  in the 
act iv i ty  wheel cages. Dur ing the next  six weeks,  tile an imals  
were given the fo l lowing schedu le :  one  week of saline, one 
week of  cocaine  IP. one week of rest, two weeks  of  ki( 'l  
s u b c u t a n e o u s l y  {S (L  and one week of  Li('l plus cocaine.  
All drugs were given dissolved in saline at 1 cc/kg. The  
drugs  were given |P  abott! five to ten m i n u t e s  before the 
an imals  were put  in to  an act ivi ty  wheel cage. Li('l was given 
S(" at a total  dose o f  3.0 n l e q / k g / d a y  divided in to  two doses 
at 10 and  17 hr. l h e  same schedu le  was fol lowed 
t h r o u g h o u t  the s tudy .  In this way the an imals  could  be 
uti l ized as their  own con t ro l s  since baseline o f  ac t iv i ty  and 
SB differ  f rom one  an imal  to ano the r .  Init ially.  the s t u d y  
was done  with ten an imals  at one dose of  10 mg/kg :  then  
the process  was dupl ica ted  uti l izing two d i f fe rent  doses  for  
five an imals  each. 

Act iv i ty  was me a su re d  in a crude way uti l izing the 
n u m b e r  of  tu rns  of  lhe (ac t iv i lvI  wheel for the two hr of  
elapsed tirne. SB was n leasured  u t i l i / ing  two s tandard ized  
scales 12.t,I given to  the an imals  af ter  a ten to  f i t teen sec 
ewtluat ion every f i f teen tn inu tes  for three t imes  anti lhen 
every t w e n t y  nun.  f h c  n u m b e r s  ob ta ined  for each olle of  
tile two scales were added across the  six measures  ob ta ined  
in the lwo hr and  averaged tor  each one of the animal  
groups.  

RI(SUI. IS 

The resul ts  are given uti l izing t - test  with weighted 
tneans,  f a b l e  1 gives the average values of  n u m b e r  of  wheel 
tu rns  in tile two h o u r  period for each week and each one of 
the cond i t ions .  It also provides  the SB given as lhe sum ol 
bo th  m e a s u r e m e n t s  ob ta ined  in each one of tile two scales 
six t imes  in the two hr period. 

The  table shows  a slight decrease of  act ivi ty by l i th ium 
alone which is not  s ignif icant  for the group as a whole and a 
decrease of cocaine t lyA which also is not  s ignif icant .  On 
the o the r  ha nd ,  the r educ t ion  of SB p roduced  by li thittm ix 
a lways  s ignif icant .  
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I)ISCIIgSION 

There  are several anecdo ta l  repor t s  tha t  suggest  l i th ium 
alone decreases  an imal  act ivi ty,  t ]owever,  the  evidence is 
good that this  decrease is not  s ignif icant  for  act ivi ty  wheel 
turns ,  j iggled cages, etc.,  and only  s ignif icant  for increased 
l ime to reach tile wall in open field s i tua t ions  I lOI. 
Besides. in our  own lab more  than  I00 rats had shown  no 
cons i s t en t  decrease of  act ivi ty  as measu red  by activi ty 
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T A B L E  I 

COCAINE. 

ACTIVITY 
Condition/Number X Turns (SD) T-Test Significance* SB 

10 mg/kg (5 animals) 
Saline I 260.2 1149) 0 
Cocaine 2 319.5 (167) NS 6.44 ( I .2 )  
Rest 3 240.1 (105) NS I . I  (0.2) 
1,i 4 113.3 ( 5 0 )  S ~ 0 . (15  (1 

l , i -  Cocaine 5 270.9 (110) NS 6.1 (0.9) 
(S = 0.(I7)+ (NS)~ 

19 mg'kg (10 animals} 
Saline I 204.7 (92.2) - -  (I 
Cocaine 2 537.6 (215.2) S = 0.0(I25 16.16 (0.9) 
Rest 3 307. I (53.81 NS 4. I (0.91 
l,i 4 143.3 (61) NS 0 
I,i+Cocainc 5 400.3 (171.7) S = 0.05 6.9 11.2) 

iNS) ~' (S = 0.000).+ 

24 mgjkg (5 animals) 
Saline I 260.4 ( 137.1 ) - -  0 
Cocaine 2 444 (121.6) S = (I.002 18.16(0.6) 
Rest 3 348.5 (56.4) S ~ 0.05 4.6 (0.6) 
l,i 4 185.1 ( 21.21 NS tl 

15 • Cocaine 5 366.1 (I 10.51 NS 8.7 (1.8) 
( N S ) t  (0.0~11):I: 

SB = Stereotyped Behavior. 
* AH t-lest (one (;ai]) compare wheel turn averages of each condition to Saline except when otherwise 

noted I- or - ) .  
tl,evel of significance for the differences in wheel turn averages between [.i + active drug vs active 

drug alone. 
-Same as + but comparing SB averages. 

wheels or pho toe lec t r i c  cell activity cages, and on occasion 
there has been an increase of activity. Thus. an additive 
effect  by l i thium alone cannot  be utilized as an explanat ion  
for the results. 

These results comprise  a partial report  of  a larger s tudy 
evaluating L,i activity at the dopamine  and norep inephr ine  
receptor  levels [5] ,  but that is beyond  the scope of  this 
paper. As men t ioned  previously,  the pharmacological  mech- 
anisms of act ion of  cocaine are remarkably similar in many 
respects  to those of amphe tamine .  Farlier, the au thor  had 
reviewed evidence indicat ing that in many respects  the 
pharmacology of  Li is the oppos i te  to that  of a m p h e t a m i n e  
13]. Thus.  it is not surprising to find that  Li also decreases 
the HyA and SB produced  by cocaine.  However,  a 
reduct ion  rather than a blocking of  ef fec ts  was observed.  

Also, it is impor tan t  to r~otice that  o the r  drugs block the 
effects  of a m p h e t a m i n e  (and probably  cocaine),  the most 
conspicuous  of which agents are phenoth iaz ines .  This type 
of drug (phenoth iaz ines )  has been utilized in the clinic and 
emergency rooms to obtain clinical cont ro l  of amphetanf ine  
land cocaine)  psychosis.  

Al though animal models  do not always predict  response 
in humans ,  the l i terature has been consis tent  in equat ing SB 
with an animal model  of  psychosis  [11] .  Al though drug 
induced psychosis  and drug induced highs are not phar- 
macologically identical,  a dramat ic  behavioral effect  of  
amphe t amine  (and cocaine) is the ability to greatly facil- 
itate hypo tha l amic  self-st imulat ion.  There appear  to be at 

least two dist inct  self-(pleasure)-st imulat ion systems in the 
brain, one in which the map for hypo tha lamic  self-stim- 
ulation correlates  clearly with norep inephr ine  fiber distr ibu- 
tion. For  this one it has been elegantly demons t ra t ed  [12] 
that norep inephr ine  release in the medial forebrain bundle.  
the hypo tha lamus ,  and the limbic system is responsible in 
part for the positive re in forcement  of behavior. The second 
system is ano the r  area in the substantia  nigra rich in 
dopamine  ceils [1 ,11] .  Thus,  amphe tamine  (and cocaine) 
psychosis  and highs are both  p h e n o m e n a  related to norepi-  
nephr ine  dopamine  s t imulat ion.  Drug abusers on the street  
obta in  the same kind of euphor ia  and high feelings with 
cocaine as with amphetamines .  Thus,  if l.i does decrease 
cocaine induced SB in animals, in spite of the fact that 
animal models  are not necessarily representat ive of  human 
behavior and results, we can speculate that  at the human 
level Li may also decrease cocaine highs, especially since 
cocaine highs, similar to amphe t amine  highs, are a prelude 
to cocaine psychosis  [8,91 • 

Fhe clinical implicat ions of such a possibility are 
impor tan t  because of  a large body of evidence which 
indicates that  a significant majori ty of young amphe t amine  
abusers are vulnerable at priori. As much as seventy-five 
percent  were depressed prior to drug abuse [71. Also. the 
au thor  has speculated that chemical  dependence ,  in a 
significant n u mb er  of pat ients ,  ix secondary to a masked 
affeclive disorder  that may be responsive to l,i therapy 141. 
l h e  au thor  now speculates that in such cases, the prophy-  
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lac t ic  a d m i n i s t r a t i o n  o f  [,i w o u l d  w o r k  in t w o  w a y s ( l t  by  
i m p r o v i n g  t h e  m a s k e d  a f f e c t i v e  d i so rde r ,  a n d  (2 t  by 
d e c r e a s i n g  t he  h i g h s  o b t a i n e d  f r o m  t he  d rug .  T h e r e f o r e ,  Li 
w o u l d  have  a c l in ica l  a d v a n t a g e  ove r  o t h e r  m e d i c a t i o n s  t ha t  
are  u s e f u l  on  an a c u t e  bas is  for  the  t r e a t m e n t  o f  c o c a i n e  Io r  
a n ' | p h e t a m i n e )  p s y c h o s i s .  

Still .  t h e s e  r e su l t s  are  p r e l i m i n a r y ,  a n d  d u p l i c a t i o n  by 

i n d e p e n d e n t  l a b o r a t o r i e s  u t i l i z ing  less c r u d e  m e t h o d s  in 
vivo a n d  v i t ro  is e s sen t i a l  b e f o r e  a d e f i n i t e  c o n c l u s i o n  can  
be d r a w n .  I t o w e v e r .  a f t e r  dup l i ca t ion ,  t h e r e  will be a 
d e f i n i t e  i n d i c a t i o n  for  a trial in h u m a n s .  T h i s  w o u l d  be oI 
r e m a r k a b l e  i m p o r t a n c e  b e c a u s e ,  if c o n f i r m e d ,  t h e s e  r e su l t s  
w o u l d  s u g g e s t  a pos s ib l e  use  o f  1.i as a p r o p h y l a c t i c  for  
b o t h  a m p h e t a m i n e  and  c o c a i n e  a b u s e .  
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