
15.5. 1977 Speeiatia 645: 

similar  to  the  kinet ics  of the i r  metabolism16-1s.  This 
would  also be expec ted  behav iour  if one considers  t h a t  a 
re la t ionship  has  been  d e m o n s t r a t e d  for subs t r a t e s  of 
these  enzymes  be tween  the i r  l ipid solubi l i ty  and  the i r  
abi l i ty  to  be metabo l i zed  19. The lack of abi l i ty  to  give 
t y p e  I I  spect ra l  changes  b y  N-n i t rosamines  is n o t  sur-  
pr iz ing inspi te  of the  fac t  t h a t  t h e y  are amine  der iva t ives  
and  t h a t  i t  was sugges ted  t h a t  t y p e  I I  in te rac t ions  
r ep re sen t  t he  fo rma t ion  of a f e r r ihemochrome  f rom the  
in te rac t ion  of a basic amine  and  a f e r r ihemopro te in  1% In  
effect,  r ecen t  f indings suppo r t  the  con ten t ion  t h a t  steric 
and  basic fea tures  of n i t rogen  of amines  are of p r i m a r y  
impor t ance  in t y p e  I I  b ind ing  16. The s t rong  e lect ron-  
a t t r ac t i ng  proper t ies  of the  ni t roso group, as well as i ts  
l inking to  the  n i t rogen  of the  amine  port ion,  in tens ive ly  

modi fy  the  alkaline na tu re  of the  molecule 20 to the  e x t e n t  
t h a t  it  m i g h t  reduce its abi l i ty  for in te rac t ion  wi th  t y p e  
I I  b ind ing  si tes and  also could ster ical ly h inder  t he  access 
to  the  n i t rogen  of the  fe r r ihemopro te in  as i t  was previous ly  
d e m o n s t r a t e d  for o the r  molecules 21. 
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Summary. The genet ic  p r o g r a m m i n g  of bra in  m o n o a m i n e  changes  wi th  aging show remarkab le  differences in 2 mouse  
s trains.  A marked  increase in dopamine  occurred in 32-week-old grouped  ICR mice and  the  males  showed in tense  
i r r i tab i l i ty  and  aggressive behavior .  Bra in  amines  changed  only  s l ight ly  in old C57BL6J mice and  behav io r  remained  
benign.  Old females  showed similar  amine  changes  b u t  aggressive behav ior  did n o t  occur in e i ther  s train.  

We  have  previous ly  r epo r t ed  1 t he  bra in  m o n o a m i n e  
levels of dopamine  (DA), no rep inephr ine  (NE) and  sero- 
t on in  (5HT) for 3 mouse  s t ra ins :  C57BL6J,  B A L B J  and  
ICR. There  are r emarkab le  b iochemical  and behaviora l  
differences among  these  s t ra ins .  Of par t i cu la r  in te res t  is 
t he  h igh  bra in  level of DA in B A L B  mice, a s t ra in  no ted  
for f ight ing  and  aggressive behav io r  a m o n g  young  adul t  
males  in con t r a s t  to t he  ben ign  behav ior  of young  adu l t  
C57BL6J and  ICR males.  The t u r n o v e r  ra te  of dopamine  
in B A L B  males  also is h igher  t h a n  in the  o the r  s t ra ins  2. 
In  the  p re sen t  s t u d y  the  changes  of bra in  monoamines  
w i th  age and c o n c o m i t a n t  behaviora l  changes  were in- 
ves t iga ted  in 2 s t ra ins  of mice .  
Methods. The bra in  amine  levels of DA, N E  and  5HT ill 
young  adul t s  (4 weeks  old) and old adul t s  (28-32 weeks 
old) of C57bL6J and I C R  male  and  female mice were 
d e t e r m i n e d  as descr ibed previous ly  3. The mice were kep t  
in groups  of 20 or more  in large cages. The s t ra ins  and  

sexes were separa ted .  General  behav ior  was observed  
b o t h  in t he  large home  cages and  fu r the r  observa t ions  
were made  in small  plast ic  cages hold ing  426 mice. Re-  
act ions to hand l ing  were also assessed. 
Results. The p e r t i n e n t  observa t ions  and brain  monoamine  
levels are summar i zed  in the  table.  In  t he  young  adu l t  
mice the  bra in  monoamine  levels of b o t h  males  and  
females  of a given s t ra in  are similar.  I t  will be no ted  t h a t  
t he  young  adul t  C57BL6J mice have  s ignif icant ly  h igher  
bra in  levels of all 3 monoamines  compared  to  t he  ICR 
strain.  The h igh  level of N E  in th is  s t ra in  is especial ly 
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Biogenie amines and behavior in young adults and old mice 

Strain Age in No. of DA** Percent NE 
weeks determinations change* 

Percent 5HT Percent Aggressive 
change change behavior 

Males 
ICR 

C57BL6/J 

Females 
ICR 

C57BL6/J 

4 i0 0.91 4- 0.03 0.53 4- 0.01 
32 5 1.35 4- 0.05 +48 0.61 -4- 0.05 
4 11 1.36 -4- 0.02 0.65 4- 0.01 

28 5 1.45 4- 0.01 + 7 0.70 4- 0.04 

4 10 0.98 -4- 0.02 0.45 4- 0.01 
32 5 1.60 :i: 0.09 + 0.44 4- 0.01 
4 10 1.41 i 0.01 0.64 ::j: 0.01 

32 5 1.76 4- 0.14 +25 0.56 i 0.01 

0.59 -4- 0.01 0 to q- 
+15 0.76 4- 0.01 +27 +++ 

0.69 i 0.01 0 
q- 7 0.72 i 0.04 + 4 0 

0.61 :k 0.02 0 
-- 4 0.70 -4- 0.02 +15 0 

0.80 q- 0.01 0 
--13 0.75 i 0.01 -- 6 0 

* Percent increase compared to young adults. ** Mean ~zg/g brain tissue :~ SEM. 
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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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