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RUSH, J. AND J. MENDELS. Effects of lithium chloride on muricidal behavior in rats. PHARMAC. BIOCHEM. BEHAV. 
3(5) 795-797,  1975. - Lithium chloride at two different doses (1 mEq/kg and 2 mEq/kg) IP BID for 10 days failed to 
inhibit muricidal behavior in rats. Lithium chloride at the higher dose caused neurotoxicity in 6 of 11 rats as measured by 
the rotorod. These dosages generated serum levels of 0.70 and 1.00 mEq/L respectively. The same behavior was blocked by 
imipramine HC1 at an ED 5 o of 8.5 mg/kg 45 rain following a single IP injection without evidence ofneurotoxicity by the 
rotorod method. These results indiciate that lithium chloride is unlike the tricyclic agents in the muricide test. Therefore, if 
its clinical antidepressant activity is substantial, it may be most effective in a neurochemically different class of depressives 
than the tricyclics. 

Lithium Muricide Depression Antidepressant Drugs 

A N T I D E P R E S S A N T  drugs, as well as some an t ih i s t amines  
and  s t imulan t s  [ 1 , 3 ] ,  i nh ib i t  mur ic ide  (mouse  kil l ing by  
rats)  at doses which  do n o t  cause n e u r o t o x i c i t y ,  e.g. as 
measured  by  the  r o t o r o d  p e r f o r m a n c e  [ 1 0 ] .  In cont ras t ,  
drugs t ha t  are n o t  effect ive  in the  t r e a t m e n t  of  depress ion  
(e.g. sedative h y p n o t i c s  and  majo r  t r a n q u i l i z e r s ) i n h i b i t  
mur ic ide  on ly  at doses which  also p roduce  n e u r o t o x i c i t y  
[ 10] .  Fo r  these  reasons,  selective i nh ib i t i on  of  mur ic ide  has 
been  suggested as one  test  for  p red ic t ing  possible  clinical 
an t idep res san t  act ivi ty  of  new drugs [ 11 ]. 

While the  role of  l i t h ium in the  t r e a t m e n t  of  cl inical  
depress ion  remains  controvers ia l ,  the re  is evidence tha t  it 
may  act  as an an t idep res san t  in a subgroup  of  depressed 
pa t i en t s  [4, 9, 15, 17, 19] .  

The effect  of  l i t h ium on mur ic ide  is unce r t a in .  Sheard  
[23]  has r epo r t ed  t ha t  a re lat ively h igh dose (5 m E q / k g )  of  
l i t h ium blocks  pa ra -ch lo ropheny la l an ine  induced  muric ide .  
It  is possible  t ha t  this  dose of  l i th ium m ay  cause s ignif icant  
n e u r o t o x i c i t y ,  bu t  this  e f fec t  was no t  e x a m i n e d  for. 
E iche lman  and  T h o a  [5]  r epo r t ed  tha t  l i t h ium (0.8 m E q / k g  
for  14 consecut ive  days) failed to b lock  mur ic ida l  behav io r  
in Long Evans rats bu t  did no t  r epor t  specif ic  data ,  
inc lud ing  se rum l i th ium levels or eva lua t ion  of  neu ro tox i c -  
i ty.  

The  cur ren t  e x p e r i m e n t  was u n d e r t a k e n  to  d e t e r m i n e  
the  effect  of  clinically equ iva len t  doses of  l i th ium on 
mur ic ida l  behavior .  

METHOD 

Animals and Procedure 

Muricidal  behav ior  was induced  in indiv idual ly  housed  

Sprague-Dawley ( H o l t z m a n )  male rats  by  a mod i f i ca t ion  of  
the  m e t h o d  of  food l imi ta t ion  ( [20 ]  and  Paul, personal  
c o m m u n i c a t i o n ) .  

Ini t ial ly,  t he  animals  were given ad lib access to  food and 
wa te r  for  10 days. Each animal  was t hen  al lowed access to  
10 g of  Pur ina  Rat  Chow for  1 hr  each day for 10 
consecut ive  days. On each of  the  nex t  5 days, while food 
l imi ta t ion  con t inued ,  each animal  was given 2 exposures  to  
a mouse.  The  exposures  were separa ted  by  30 min  and  
las ted for  a m a x i m u m  of  5 min  if  the  rat  failed to kill. If  
the  rat  killed, the  mouse  was r emoved  f rom the  cage wi th in  
15 sec of  the  kill. A muric idal  rat  was def ined as one  which  
ki l led mice on  the  last  5 consecut ive  exposures .  The  rats  
were given ad lib access to  food  and  wate r  for the  
r e m a i n d e r  of  the  expe r imen t .  The i r  weights  r e t u r n e d  to  
baseline values af te r  10 days. On the  t e n t h  day fol lowing 
r e tu rn  to ad lib food,  two  add i t iona l  exposures  to  mice 
were al lowed.  Rats which  killed b o t h  mice were des ignated  
as muricidal .  These rats  were t hen  divided in to  2 equal  sized 
groups  and  were used for  the  s tudy.  

Two groups  of  rats  receiving d i f fe ren t  doses of  l i t h ium 
chlor ide  were s tudied.  The  ini t ia l  weight  for  the  rats  in 
G r o u p  1 was 398 -+ 6.2 g. (mean  + S D) and  for the rats in 
G r o u p  2 was 284  -+ 8.7 g. (mean  + S D). The  first group of  
7 muric idal  rats  received 1 m E q / k g  LiC1 IP b.i.d, for  10 
consecut ive  days. A con t ro l  group (N = 7) received an 
equiva len t  vo lume  o f  n o r m a l  saline IP b.i.d, over  the  same 
t ime  period.  The  second group  of  muric idal  rats  received 2 
m E q / k g  LiC1 IP b.i.d, for  10 days. Eleven con t ro l  animals  
received the  same vo lume  of  saline. No rat  was exposed  to  
mice dur ing  the  in jec t ion  period.  

~Reprint requests to be addressed to J. Mendels, M. D., Veterans Administration Hospital, University and Woodland Avenues, Philadelphia, 
PA 19104. 
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Two hours fol lowing the last (20th) inject ion,  each 
animal was exposed to 1 mouse for 5 min, and the 
percentage of  killers for each group was calculated. Subse- 
quent ly ,  the rats were tested on the ro torod  for 3 min 
following a 2 min accl imatizat ion period [2 ,10] .  Rats 
which fell more than 3 t imes were labelled neurotoxic .  The 
animals were then guillotined and blood was collected for 
measurement  of  serum li thium concentra t ion  [6] .  

RESULTS 

Food  l imitat ion induced muricidal behavior in 48 
percent of  the animals by the end of  the food l imitat ion 
period. After  10 days of  their  receiving food ad lib, 36 
percent  o f  the original group cont inued to be muricidal.  
Every killer rat exhibi ted muricidal  behavior within 2 min 
following exposure to a mouse, even after return to ad lib 
food access. During the food l imitat ion procedure 22 
percent of  the animals died. 

These results compare favorably with those of Paul et al. 
[20] .  Using a similar procedure with Sprague-Dawley rats, 
they repor ted  a 43 percent  muricide induct ion rate at the 
end of the food l imitat ion period. At the conclusion of  
re-exposure to ad lib food,  the muricide rate was 38 
percent.  The death rate in their  study was 32 percent.  

The serum l i thium level obtained for the group treated 
with 1 mEq/kg  LiC1 b.i.d, was 0.70 +- 0.02 (mean +- S D) 
mEq/L .  For  the group given 2 mEq/kg  LiC1 b.i.d, the serum 
li thium level was 1.00 -+ 0.11 mEq/L .  Al though a diuresis 
and increased water consumpt ion  was observed in the 
l i thium treated animals, there were no deaths in either the 
l i thium or saline t reated groups during or fol lowing the 
inject ion period. 

The effect of  the two dosage schedules of  l i thium on 
muricidal behavior and ro torod performance  is shown in 
Table 1. There was no al terat ion in ei ther behavior in the 
animals who received 1 mEq/kg  LiC1 or saline. In the group 
receiving 2 mEq/kg  LiC1 b.i.d., there was a disappearance of  
muricidal  behavior in 3 of 11 rats. Two of these animals, as 
well as 4 which cont inued to exhibi t  muricidal activity, 
were neuro tox ic  according to the ro torod test. One saline 
treated animal failed to display muricide fol lowing the 
injections. 

Thus, LiCI 2 mEq/kg  b.i.d, produced serum levels 
equivalent  to clinically therapeut ic  levels. At this dose, a 
significant reduct ion  in ro torod  performance was found 
(p<0.05 ,  Fishers Exact  Probabili ty Test)  compared to the 
cont ro l  group. However,  there was no significant selective 
inhibi t ion of  muricide o ther  than that  accounted for by 
neurotoxic i ty .  

A second brief  exper iment  was conducted  to ensure that 
the muricidal behavior produced by our exper imental  
procedure was indeed susceptible to tricyclic antidepressant 
inhibi t ion [10] .  For  this purpose, 4 muricidal rats were 
tested for ro torod  performance and muricidal behavior 45 
min following a single IP inject ion of  imipramine hydro- 
chloride. Since the reported EDso for imipramine HC1 was 
8.0 mg/kg, 2 dosages were tested for, namely 7.0 mg/kg and 
10.0 mg/kg. At the lower dose no inhibit ion of  muricide or 
alteration in ro torod  performance was noted.  At the higher 
dose, all 4 animals failed to display muricidal behavior 
wi thout  a decrement  in ro torod performance.  The EDs o of 
8.5 mg/kg is compat ible  with that reported elsewhere [10] .  

DISCUSSION 

Al though the effectiveness of l i thium as an antidepres- 
sant remains controversial ,  recent reviews [15, 16, 17] 
suggest that a specific subgroup of  depressed patients do 
respond to l i thium. In addit ion,  in a crossover study we 
found that 9 depressed patients who failed to respond to 
ei ther l i thium or desmethyl imipramine did respond to the 
o ther  drug [19] .  The results of  this and related studies 
suggest that a search for neurochemical  differences between 
tricyclic and l i thium responding depressed patients might 
be of  value. 

Our findings indicate that l i thium does not  act like the 
tricyclic antidepressants [10,1 l]  or electroconvulsive 
therapy [25] in inhibiting muricidal  behavior at non- 
neuro tox ic  doses. Further,  at doses equivalent  to those 
known to be therapeut ic  in humans, [18,22] ,  no selective 
inhibi t ion of  muricide occurs. 

These results support  the findings of  Eichelman and 
Thoa  [5] who repor ted  that l i thium at 0.8 mEq/kg  for 14 
days was ineffective in blocking muricide in Long-Evans 
rats. However,  it is likely from our  data that the dose they 

TABLE 1 

THE EFFECT OF TWO DIFFERENT DOSES OF LITHIUM CHLORIDE ON MURICIDAL AND ROTOROD BEHAVIORS 

Group N Serum Li* Muricide Inhibited Neurotoxic t 

1 mEq/kg LiC1 7 0.70 + 0.02 0 0 

Saline Control 7 0,00 0 0 

2 mEq/kg LiC1 11 1.00 ± 0.11 3 6 

Saline Control 11 0.00 1 1 

*X ± S.D. ~Neurotoxicity was determined by rotorod performance 



LITHIUM AND M U R I C I D A L  B E H A V I O R  797 

used failed to  genera te  se rum levels equ iva len t  to  those  
k n o w n  to  be t h e r a p e u t i c  in man.  The  lack o f  ag reemen t  
wi th  Sheard  [23]  may  be due  to  the  h igh dose (5 m E q / k g )  
he used to inh ib i t  PCPA-induced  muric ide .  This  dose is 
l ikely to  be n e u r o t o x i c  by  the  ro to rod .  

Our  f indings are cons i s t en t  wi th  those  o f  Geyer  et  al. 
[7] w h o  r epo r t ed  the  failure of  l i t h ium to  p o t e n t i a t e  the  
behav iora l  and  cardiovascular  effects  of  y o h i m b i n e  in 
consc ious  dogs at p lasma c o n c e n t r a t i o n s  of  1 . 2 9 - 1 . 5 4  
m E q / L .  This effect  of  y o h i m b i n e  p o t e n t i a t i o n  has been  
r e p o r t e d  to be charac te r i s t ic  of  cl inically useful  t r icycl ic  
an t idepressan t s  or  m o n o a m i n e  oxidase  i nh ib i t o r s  [ 13 ,21] .  
Using a d i f fe ren t  approach ,  Go lds t e in  and  his associates  
have shown  tha t  l i t h ium and  several t r icycl ic  an t idepres -  
sants  all p o t e n t i a t e d  the  i n h i b i t o r y  e f fec t  of  n o r e p i n e p h r i n e  
on  evoked  pos tgangl ionic  po ten t i a l s  in the  super ior  cervical 
gangl ion of  the  cat [ 14 ,24] .  

An  a l te rna t ive  conc lus ion  suggested by  the  data  is t ha t  
the  mur ic ide  mode l  is a l imi ted  p red ic to r  of  an t idep res san t  
act ivi ty  in general.  For  example ,  some inves t igators  have 
suggested t ha t  th io r idaz ine  has an t idep res san t  ac t iv i ty  in 
some neu ro t i c  depressed o u t p a t i e n t  popu la t i ons  [ 1 2 ] .  
However ,  in doses up to 40  mg/kg  IP in rats, th is  drug failed 
to  inh ib i t  mur ic ide  w i t h o u t  causing n e u r o t o x i c i t y  [8 ]. 
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