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notable .  The  general  behav io r  of young  adul t  mice of 
b o t h  s t ra ins  and b o t h  sexes is benign. T h e y  show no 
f ight ing in ei ther  t i le large h o m e  cages or the  small  
observa t ion  cages and are also easily picked up and 
handled.  
I n  s t r iking cont ras t  the  32-week-old I C R  male  mice show 
remarkab le  changes in behavior .  Many  aggressive fights 
were observed in ti le t lome cage and in ti le small  obser- 
va t i on  cages. All of these old males showed signs of bites 
on thei r  tai ls  and bodies. W h e n  picked up or handled,  
t h e y  immed ia t e ly  and v igorous ly  a t t acked  wi th  bit ing, 
vocal iz ing and s t ruggl ing mak ing  i t  necessary to wear  
h e a v y  leather  gloves w h e n  working  with  this group. As 
can be seen, these old I C R  mice show increases in all 3 
bra in  monoamines  compared  to young  adults  and par t i -  
cu la ry  a 48% increase in bra in  D A  level. This  increased 
level  is also ref lected in an increase in DA tu rnove r  
as well 2. 
Tile old I C R  females also show increases in bra in  DA 
(63~0) b u t  do no t  show behav iora l  changes and remain  
benign.  The  lack  of aggressive behav io r  in t he  old I C R  
females despi te  comparab le  increases in bra in  amines  
again emphasizes  the  i m p o r t a n t  permiss ive  role of hor-  
mones  in pa t t e rns  of aggressive behavior .  
The  old C57BL6J  male  mice showed only  small  increases 
in bra in  monoamine  levels when compared  to young  

adul ts  and showed no f ight ing or  changes in behavior  in 
e i ther  males  or females. 
Discussion. These and previous  studies 1 show t h a t  the  
levels of brain monoamines  ill young  adults  of a g iven  
mouse s train are r emarkab ly  constant .  However ,  the  
genetic  p rog ram ol amine changes wi th  aging m a y  show 
marked  st)ain differences. Tile increase in aggressive 
behav ior  in old I C R  males m a y  be related to the  marked  
increase in bra in  dopamine,  compared  to the  small  in- 
creases in N E  or 5HT. We  have  previous ly  repor ted  3 t h a t  
g iv ing 1-DOPA to young  adul t  I C R  mice (thus raising bra in  
dopamine)  results  in aggressive behavior ,  which is com- 
parable  to t h a t  observed in the  old I C R  mice in the  pre- 
sent  s tudy.  As ment ioned,  the  young  adul t  males of the  
B A L B  strain show aggressive f ight ing and have  a high 
level  of bra in  dopamine  compared  to thei r  N E  and 5HT 
levels 1. As expected,  these modes of aggressive behavior  
are blocked by  small  doses of haloper idol  and o ther  dopa-  
mine blocking agents. 
I t  is possible t h a t  these studies m a y  be pe r t inen t  to the  
problems of d i s r u p t i v e  behavior  seen in some elderly 
pa t ien ts  and m a y  have  a s imilar  b iochemical  basis. There  
are clinical reports  showing t h a t  the  t ranqui l izers  are use- 
ful in such pat ients .  Basic and clinical studies in the  bio- 
chemis t ry  of aging and geriatr ic  pharmaco logy  are all too 
scarce and much  needed. 
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Summary. Chronic t r e a t m e n t  wi th  l i th ium chloride produced  significant  involu t ion  of the  t h y m u s  gland wi th  histo-  
logical evidence of reduced cel lular i ty  due to  loss of t h y m i c  lymphocy te s  and a s ignif icant  reduct ion  in the  weight  of t he  
g land in normal  and adrena lec tomized  mice. L i t h ium also increased cor t icosterone levels in normal  mice w i thou t  
changes in adrenal  weights .  The  involu t ion  0I the  t h y m u s  gland is mos t  l ikely due to an effect  of l i th ium on the  gland, 
and i t  is no t  media ted  by  adrenocort ical  mechanisms or stress. 

The  effect iveness of l i th ium salts in the  t r e a t m e n t  of 
manic-depress ive  psychosis  w i th  man ia  is now well- 
documented  ~. I n  spi te  of this,  the  mechan i sm of act ion 
of l i th ium is no t  unders tood.  Various studies have  sug- 
gested an effect  of this ca t ion  on cent ra l  neu ro t r ansmi t t e r  
function~,~; on endocrine glands, especial ly the  thy ro id  
gland 5, and on adrenal  enzymes  6. I n  t he  present  s tudy,  
we repor t  an h i the r to  unrecognized effect of l i th ium 
chloride (LiC1) on the  t h y m u s  gland in normal  and 
adrena lec tomized  mice. 
Materials and methods. Expe r imen t s  were carr ied ou t  in 
rome Swiss (Canadian B r e a d i n g  F a r m s  and Laborator ies ,  
Ltd .  S. t  Constant ,  Quebec) and CBA (McGill Univers i ty ,  
McIn ty re  Medical  Science Building) mice weighing ap- 
p r o x i m a t e l y  30 g. Mice were caged in groups of 8 under  
control led  t e m p e r a t u r e  (20~ and l ight  (12 h-on,  
12 h-off). S t anda rd  mice chow (Master Labo ra to ry  Cubes, 
Maple Leaf  Mills, Montreal)  and wate r  were g iven ad 
l ibi tum.  L i t h ium chloride (crystall ine powder ,  Allied 
Chemical,  Morris ton,  N. J.) was adminis te red  i.p. to 
Swiss and CBA mice in doses of 3 m E q / k g ,  twice  a day  
for 4 days.  I n  ano ther  group of Swiss mice, 4 separa te  
doses of 1, 3, 6 and 9 m E q / k g  were  g iven  i.p., twice  a day  
for 4 days.  Control  mice were  in jec ted  i.p. w i th  normal  
saline. Ano the r  control  group was no t  in jec ted  or stressed. 

Norma l  saline and LiC1 solutions were in jec ted  in vo lumes  
of 0.2 ml  twice  daily. Controls and t rea ted  mice were 
sacrificed b y  cervical  dislocat ion af ter  4 days. The  t ho rax  
was opened by  2 incissions paral le l  to t he  s t e rnum and 
the  t h y m u s  gland was dissected careful ly  and r emoved  
af ter  exposing the  upper  med ia s t i num and hear t .  The  
t h y m u s  glands were weighed indiv idual ly  on an ana ly t ica l  
balance (Merrier, model  H 31, sens i t iv i ty  _-% 0.05 mg). 
I m m e d i a t e l y  af ter  weighing,  the  t h y m u s  glands were 
fixed in 10~o formalin-sal ine and embedded  in paraffin.  
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Sect ions  of 3 to  4 mic rons  t h i c k n e s s  were s t a ined  w i t h  
h e m a t o x y l i n  a n d  cosine, or w i t h  G i e m s a  s t a in ,  for l igh t  
microscopic  e x a m i n a t i o n .  S i m u l t a n e o u s l y  processed  t h y -  
mus  g lands  f rom sa l ine- in jec ted ,  a n d  uns t r e s sed  mice,  
se rved  as h is to logic  controls .  
A d r e n a l  g l and  we igh t s  a n d  b lood  co r t i cos t e rone  levels  
were also m e a s u r e d  in these  expe r imen t s .  T he  a d r e n a l  
g lands  were care fu l ly  d issec ted  a n d  weighed  w i t h  a mode l  
H 31 Met t l e r  b a l a n c e ;  t h e  w e i g h t  of 2 ad rena l s  was  ex- 
pressed  in mg. Blood cor t i cos te rone  levels were m e a s u r e d  
in pooled  b lood  f rom 4 mice  us ing  a r a d i o i m m u n o a s s a y  
desc r ibed  e l sewhereL R e l a t i o n s h i p s  b e t w e e n  b lood  cor- 
t i cos te rone  levels, ad r ena l  g l and  weight ,  a n d  t h y m u s  
g l and  weigh ts  were done  in Swiss a n d  CBA mice rece iv ing  
3 m E q / k g  of LiC1 twice  a d a y  for 4 days.  
A d d i t i o n a l  e x p e r i m e n t s  were p e r f o r m e d  in ad rena lec to -  
mized  male  Swiss mice  (Charles River ,  U n i v e r s i t y  of 
Missour i -Columbia ,  Div is ion  of A n i m a l  Services) we igh ing  
30 g. Mice were caged in g roups  of 3 to  4 u n d e r  t h e  a b o v e  
e n v i r o n m e n t a l  cond i t ions  a n d  g iven  food a n d  m a i n t a i n e d  
w i t h  0 .9% sal ine ad  l ib i tum.  LiC1 was in j ec t ed  i.p. in  2 
s e p a r a t e  g roups  of a d r e n a l e c t o m i z e d  mice in doses of 6 

Table 1. Weight of thymus gland in mice treated with LiC1 for 4 days 

A. Swiss mice Thymus weight 
(mg 4- SD) 

B. CBA mice Thymus weight 
(rag 4- SD) 

Controls 58.64- 14.7 (10)  Controls 30.54- 14.0 (8) 
LiCI 31.04- 7.1 (10)** LiC1 12.2~: 4.5 (8)** 
Percent Percent 
decrease - 47.1%** decrease - 60.0%** 

**p < 0.01 (see text for statistical analysis). Number of mice in 
parenthesis. LiCl was given i.p. in a dose of 3 mEq/kg, twice a day, 
for 4 days. SD, standard deviation. 

Table 2. Effect of different doses of LiC1 on the weight of the thymus 
gland 

Conditions "Weight of the thymus gland Percent 
(mg 4- SD) change 

Controls (saline) 40.3 4- 13.2 (9) 
Lie1 (1 mEq/kg) 24.8 • 5.4 (4)* - 38.5* 
LiC1 (3 mEq/kg) .23.5 4- 5.7 (7)** -41.7"* 
LiC1 (6 mEq/kg) 10.84- 3.9 (4)** - 73.2** 
LiCl (9 mEq/kg) 5.2 4- 1.0 (3)** - 87.1"* 

*p < 0.05 (see text for statistical analysis). **p < 0.01. Number 
of Swiss mice in parenthesis. 

a n d  9 m E q / k g  day.  2 a d r e n a l e c t o m i z e d  con t ro l  groups  
were used. One con t ro l  a d r e n a l e c t o m i z e d  g roup  was n o t  
i n j ec t ed  or  s t ressed ;  a n d  a n o t h e r  was  in jec ted  w i t h  nor-  
ma l  sal ine twice  da i ly  for 4 days.  Sa l ine  a n d  LiC1 so lu t ions  
were i n j ec t ed  in vo lumes  of 0.2 ml  twice  daily.  The  
a d r e n a l e c t o m i z e d  mice were  sacrif iced b y  cerv ica l  dis- 
loca t ion  a f t e r  4 days.  The  t h y m u s  was resec ted  a n d  
weighed  as descr ibed  above  a n d  f rozen for  f u t u r e  h i s to -  
logical  a n d  b iochemica l  analyses .  Comple teness  of ad r ena -  
l e c t o m y  was ver i f ied  b y  a b d o m i n a l  exp lora t ion .  Blood  
l i t h i u m  levels in  m E q / l  were d e t e r m i n e d  w i t h  a f l ame  
p h o t o m e t e r  in  whole  b lood b y  d i lu t ing  100 ~I of whole  
b lood in 2 ml  of dis t i l led water .  Means  a n d  SD of measu re -  
m e n t s  were o b t a i n e d  for cont ro l s  a n d  t r e a t e d  mice.  The  
s t a t i s t i ca l  s ignif icance of t h e  d a t a  was d e t e r m i n e d  b y  
2- ta i led S t u d e n t ' s  t - t e s t s  for  pa i red  o b s e r v a t i o n s  be-  
t w e e n  cont ro l s  a n d  t r e a t e d  an ima l s  s. 
Results. T h y m u s  g lands  obse rved  in s i tu  were smal l  ir~ 
mice  t r e a t e d  for  4 days  w i t h  LiC1. His to logic  e x a m i n a t i o n  
revea led  reduced  ce l lu la r i ty  due  to  loss of smal l  l y m p h o -  
cytes  f rom b o t h  t he  co r t ex  a n d  medu l l a  c o m p a r e d  w i t h  
con t ro l  t issue.  No h is to logica l  di f ference was e v i d e n t  be-  
tween  t h y m u s  g lands  r e m o v e d  f rom sa l ine - in jec ted  a n d  
uns t r e s sed  controls .  The  we igh t s  of t h e  t h y m u s  g l ands  
were  s ign i f i can t ly  decreased  b y  47 .1% in Swiss a n d  b y  
60% in  CBA mice  g iven  LiC1, 3 m E q / k g ,  i.p., twice  a d a y  
for 4 days,  as s h o w n  in t a b l e  1. No s ign i f ican t  d i f ference  
in  t h y m u s  we igh t  was  e v i d e n t  b e t w e e n  g lands  r e m o v e d  
f rom sa l ine - in jec ted  con t ro l s  a n d  uns t r e s sed  mice. 
T a b l e  2 shows t h e  weigh ts  of t h e  t h y m u s  g lands  in 4 
g roups  of Swiss mice  g iven  1, 3, 6 a n d  9 m E q / k g  of LiC1, 
i.p., twice  a d a y  for  4 days.  The  decrease  in t h y m u s  
w e i g h t  was  d i r ec t ly  p r o p o r t i o n a l  to  t he  dose used. A 
small ,  b u t  s igni f icant ,  r e d u c t i o n  in t h e  we igh t  of t h e  
t h y m u s  g l and  ( - 3 8 . 5 % )  was obse rved  a t  a dose of 
1 m E q / k g  whereas  doses of 3, 6 a n d  9 m E q / k g  p roduced  
h i g h l y  s ign i f i can t  r educ t ions  in  t h e  we igh t  of t h e  g l and  
f rom - 4 1 . 7 %  to  - 8 7 . 1 % .  Doses of 9 m E q / k g  of LiC1 pro-  
duced  m a r k e d  r educ t ions  in  g l and  w e i g h t  a n d  a l m o s t  
comple t e  i n v o l u t i o n  of t h e  t h y m u s  gland,  a n d  ev idence  
of t o x i c i t y  such  as, n e u r o m u s c u l a r  i r r i t ab i l i ty ,  poly-  
dipsia ,  ruf f led  fur  a n d  d ia r rhea .  M o r t a l i t y  in  th i s  g roup  
a p p r o a c h e d  50%.  The  lower  doses caused  no  m o r t a l i t y  
a n d  were n o t  assoc ia ted  w i t h  b e h a v i o r a l  or  phys io logic  
ev idence  of tox ic i ty .  
A d r e n a l  g land  weigh ts  in  Swiss a n d  CBA mice  were n o t  
c h a n g e d  b y  chron ic  l i t h i u m  t r e a t m e n t s .  The  ave rage  
we igh t  of t h e  a d r e n a l  g l ands  in uns t r e s sed  n o r m a l  con-  
t ro ls  (n = 7) was  9.2 4- 0.7 mg, in  sa l ine - in jec ted  con-  

7 B .E .  Murphy and R. C. Diez d'Aux, J. clin. Endocr. 35, 678 
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8 G .W.  Snedecor, in: Statistical Methods. Iowa State College 
Press, Ames 1956. 

Table 3. Weight of thymus gland in adrenalectomized mice treated with LiC1 for 4 days 

Conditions Treatment (mBq/kg day) Thymus weight (rag 4- SD) Percent change 

Control adrenalectomized (unstressed) None 
Control adrenalectomized Saline 
Treated adrenaleetomized 6 
Treated adrenalectomized 9 

62.3 4- 8.2 (6) 
65.5 4- 17.9 (4) 
40.3 4- 10.9 (9)*** -35.0%*** 
43.6 4- 12.4 (7)** - 30.0%** 

**p < 0.01; ***p < 0.001. Percent change in thymus weight is in comparison with weights in unstressed mice. Number of mice in paren- 
thesis. LiC1 was given i.p. twice a day for 4 days. 
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trols (n ~ 9) the adrenal glands weight was 9.2 • 0.8 mg, 
and in mice treated with 3 mEq/kg  of LiC1 (n = 7) the 
weight was 9.6 :k 1.0 rag. These results show tha t  a 
reduction in thymus weight is not  accompanied by 
changes in the weight of the adrenal glands. On the other 
hand, the average levels of corticosterone from pooled 
plasma of 4 mice were elevated from 12.7 • 5 ng/ml, in 
saline-treated mice, to 50.2 • 8 ng/ml in mice treated 
with the 3 mEq/kg  dose for 4 days. The increases in the 
levels of corticosterone were not associated with changes 
in adrenal weights and inversely related to the weights 
of the thymus glands in both Swiss and CBA mice. 
Corticosterone levels were directly related to increments 
in l i thium dosage. In mice injected with saline the average 
level of plasma corticosterone was 14.3 • 1.2 ng/ml 
whereas the average levels of corticosterone in mice 
treated with  1 mEq/kg  and 3 mEq/kg  of LiC1 were 
49.6 ~ 2.0 ng/ml and 60.2 :k 4.0 ng/ml respectively. 
As shown in table 3, the weight and size of the thymus 
glands were significantly decreased (p < 0.001) ill adre- 
nalectomized mice treated with LiC1 doses of. 6 to 9 mEq/  
kg day for 4 days. The reduction in thymus weights in 
adrenalectomized mice treated with LiC1 was 35% when 
compared with unstressed adrenalectomized mice and 
37% less than adrenalectomized mice treated with daily 
injections of saline. No significant difference in the weight 
or size of the thymus gland was observed between control 
unhandled adrenalectomized and saline-injected adrenal- 
ectomized mice. No corticosterone was detected in 

adrenalec tomized mice confirming completeness of adre- 
nalectomy in this group of animals. Abdominal explora- 
t ion revealed no adrenal tissue. 
Blood l i thium levels were proportional to the dose of 
l i thium injected i.p. Mice treated with i.p. doses of 
1 mEq/kg,  twice a day for 4 days showed a blood li thium 
level of 0.1 mEq/1; for the 3 mEq/kg  dose the mean 
blood level was 0.6 mEq/1; for t h e  6 mEq/kg  dose, 
0.84 mEq/1; and for the 9 mEq/kg  dose, 1.70 mEq/1. In 
adrenalectomized mice the mean blood l i thium level, for 
mice treated with the 6 mEq/kg  day dose, ranged from 
0.3 mEqJl  to 0.7 mE@l;  in adrenalectomized mice treated 
with a dose of LiC1 of 9 mEq/kg  day the blood li thium 
levels ranged between 0.7 mEq/1 and 1.2 mEq/1. 
Discussion. Our results show that  LiC1 produces an ob- 
vious reduction in size and a significant reduction in the 
weight of the thymus gland after repeated i.p. adminis- 
trat ion for 4 days in normal and adrenalectomized mice. 
This change was associated with apparent loss of small 
lymphocytes on light microscopic examination of the 
thymus sections. This involution of the thymus is not  
strain specific. 
Chronic stress is known to cause involution of the thy- 
mus gland% Our results are unlikely to be due to the 
injection or handling of the animals since no involution 
of the thymus gland occurred in saline injected mice 
when compared with unstressed mice. This study also 
shows tha t  l i thium effects on the thymus gland are not 
d u e  to stress or to an increase in plasma corticosterone 
levels, but  probably these effects are likely due to an 
effect of l i thium on the thymus gland. Our findings 
indicate tha t  the reduction in the weight of the thymus 
gland after LiC1 treatments  in adrenalectomized mice are 
slightly less than in mice with intact adrenals suggesting 
tha t  the involution of the thymus may be slightly poten- 
t iated by increments in plasma corticosterone. Further-  
more, an inverse relationship between the incremental 
doses of l i thium and the involution of the gland was 
observed indicating tha t  the concentration of the circu- 
lating cation and not stress is responsible for the involu- 
tion. 

Previously we have shown that  l i thium induces adrenal 
tyrosine hydroxylase and phenyl-N-methyl transferase 
enzymes in the rat  6. Others have shown that  the increase 
in the production of aldosterone after l i thium treatments  
is due to an effect of the cation on the zona glomerulosa 
of t h e  adrenal gland 1~ The fact tha t  no increase in 
adrenal gland weight was observed after chronic l i thium 
treatments  suggests tha t  the significant increases in 
plasma corticosterone are not due to gross adrenocortical 
hyperplasia. Li thium is also known to alter thyroid gland 
function producing a variety of interesting changes in the 
endocrine function of this gland 5. Hypothet ica l ly  the 
above effects of li thium on the adrenals and the thyroid 
gland are mediated by an effect of the cation on these 
glandular tissues; therefore, it is likely that  the effects of 
li thium on the thymus gland are due to an effect of the 
cation on the thymus tissue. 
The exact mechanism responsible for the involution of 
the thymus after l i thium will need further investigation. 
The fact tha t  histological examination of the tissues re- 
vealed reduced cellularity due to loss of thymic lympho- 
cytes suggests an interference with thymic lymphocytic 
function. Studies now in progress have shown a persistent 
lymphopenia in mice  treated chronically with lithium. 
Furthermore,  rubidium and cesium, 2 other members of 
the group 1, alkali metal series, do not produce involution 
of the thymus gland when administered at the same 
mEq/kg  dose range effective in these experiments (un- 
published observations). Corticosterone may contribute 
to the involution of the thymus but this factor was ruled 
out in the experiments with adrenalectomized mice and 
it  is unlikely tha t  it plays a major role in the involution 
of the gland after lithium. 
The thymus gland is known to play an important  role in 
immunological mechanisms mediated by T-lympho- 
cytes n, and disordered immune mechanisms are thought  
to be responsible for various medical diseases 12. The 
significant involution of the thymus gland after chronic 
t rea tment  with l i thium shows tha t  this cation exerts 
profound pharmacological effects on this gland. 

9 T.F. Dougherty and A. White, Endocrinology 35, 1 (1944). 
10 K. Fleiseher, E. Binick, D. Klans and R. Tolle, Arzneimittel- 

Forseh. 2J, 1363 (1971). 
11 H. Friedman, Ann. N.Y. Aead. Sci 249, 5 (1975). 
12 K. F. Austin, in: Principles of Internal Medicine, 7th ed. 

p. 342. Ed. M. M. Wintrobe et al. (1974). 


