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Adrenal Relationships to Aggress iveness  in Isolated Female Mice 

Evidence  of leucopenia  1-~, adrenal  hyperp las ia  3-6, 
increased p l a sma  cor t icosteronea-5 and  involu t ion  of t he  
t h y m u s  3 have  been repor ted  in isolated mice and  ra ts  
indica t ing  increased adrenocor t ica l  ac t iv i ty .  Isola t ion-  
stress also induced  increased aggressiveness  in male mice 
and ra ts  4-~~ Al though  m a n y  inves t iga tors  have  c la imed 
t h a t  isolat ion-stress  does no t  induce f ight ing  behavior  in 
female mice4,7,11 o thers  have  d e m o n s t r a t e d  t h a t  
prolonged periods of isolat ion will induce aggressiveness 
in female C F W  mice m - ~  I t  has  been c la imed t h a t  while 
an in tac t  p i tu i t a ry -gonada l  axis is essent ial  for t he  
deve lopmen t  and  m a i n t e n a n c e  of aggression 4,~,~t, t he  
adrenals  have  been repor ted  to have a modu la t ing  effect  ~, ~. 
Inves t iga t ions  of adrenal  ca techolamine  levels has 
ind ica ted  a re la t ionship  be tween  increased sympa the t i c -  
adrenal  ac t iv i ty  and  aggressive behavior~,~,~,  ~. Since 
mos t  inves t iga t ions  have  employed  male mice in aggressive 
behavior  and  endocr ine  s tudies  ~-~, ~ ~9, the  p resen t  s t u d y  
sought  to clarify the  adrenocor t ica l  and  adrena l  medul la ry  
invo lvement s  in i sola t ion- induced aggression of female 
mice. 

N ine ty  female albino mice (CFW) averaging 21 g were 
d iv ided  into 2 groups  (46 isolated mice and  22 uni ts  of 
pa i red-cont ro l  mice). All mice were weighed weekly dur ing 
the  23 week s tudy.  To min imize  d iurnal  effects,  the  various 
tes t s  were pe r fo rmed  be tween  09.00 h and  12.00 h noon. 
All animals  were t e s t ed  weekly for aggressive behav ior  
in the i r  home cages for 5 rain periods.  The t a rge t  animals  
were naive,  b rown p i g m e n t e d  female mice. Open-field 
ac t iv i ty  was de t e rmined  af ter  5 and 12 weeks of isolat ion ~. 
Total  leucocytes  (WBC) were assayed  of ta i l -blood sam- 
ples af ter  8 and  14 weeks. Decreases in to ta l  W B C  
counts  have  been used as a measure  of adrenocor t ica l  
ac t iv i ty  ~~ At  the  end of the  23rd week, all animals  were 
decap i t a t ed  and  hepar in ized  p l a sma  samples  were assayed 
for cor t icos terone ~. Adrenal  and  t h y m i c  weights  were 
measured  and  the  adrenals  assayed for ca techolamine  ~ 

Analyses  ind ica ted  s ignif icant  increases in t he  body  
weights  of the  isolated group compared  to  t he  paired-  
control  mice f rom the  13th to t he  23rd week. In  accord 
wi th  previous  studies~,2,~e-~% analyses  of open-field 
ac t iv i ty  and  to ta l  W B C  counts  respect ive ly  indica ted  
s ignif icant  increases in locomotor  ac t iv i ty  a t  week 12 and 
s ignif icant  decreases in to ta l  WBC counts  of the  isolated 
mice a t  week 14. Rela t ive  organ weight  eva lua t ions  and 
biochemical  analyses  ind ica ted  t h a t  the  isolated animals  
had  s ignif icant ly  heavier  adrenals,  d i sp layed  s ignif icant  
t hym ic  involut ion  and  had  s ignif icant ly  h igher  p lasma  

cor t icos terone t i ters  t h a n  the  pai red animals.  No signifi- 
can t  differences were observed in the  to ta l  adrenal  catechol-  
amine  levels. To sharp ly  clarify and relate  endocr ine  
funct ion  (adrenocort ical  and  adrenal -medul lary)  w i th  
aggressive behavior ,  a s t r ingen t  selective basis was used to  
score and evaluate  the  h ighly  aggressive as well as non- 
aggressive mice. The da t a  of t he  i n t e rmed ia t e  aggressive 
animals  were excluded f rom the  calculat ions.  To e l iminate  
possible  physiological  effects due to  aggression in t he  
pa i red-nonf igh te r  group, only  pa i red  animals  were used 
where in  b o t h  cage mates  were nonfighters .  Reeva lua t ion  
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Effects of isolation and aggressiveness on body weights, organ weights and adrenal function 

Body wt. Thymus Adrenals Plasma cortieosterone Adrenal cateeholamine 
n (g 4- S.E.) (mg/100 g 4- S.E.) (mg/100 g 4- S.E.) (~xg/100 ml 4- S.E.) (meg]100 mg 4- S.E.) 

I-F~ 22 31.0 4- 0.5 116.1 -t- 5.8 34.04 ztz 1.12 11.41 i 1.01 136.00 4- 7.34 
I-NF 17 29.6 4- 0.6 98.9 4- 5.2 37.11 4- 0.94 15.42 4- 1.11 99.70 4- 7.70 
P-NF 14 29.3 4- 0.4 133.0 4- 7.1 32.45 4- 1.22 9.74 4- 0.78 120.91 4- 8.29 

Diff. I-F vs I-NF (%) +4.7 +17.4 -- 8.3 --31.5 +36.4 
P value 0.08 0.04 0.05 0.01 < 0.01 

Diff. I-F vs P-NF (%) +5.8 --12.7 + 4.9 +17.1 +12.5 
P value 0.02 0.08 0,37 0.26 0.25 

Diff. I-NF vs P-NF (%) +3.8 --25.6 +14.4 +58.3 --17.5 
Pvalue 0.12 < 0.001 < 0.01 < 0.001 0.08 

I-F, isolated-fighters; I-NF, isolated-nonfighters; P-NF, paired-nonfighters. 
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of the  isolated and control  group da ta  (Table) revealed 
tha t  the  isolated-nonfighter  mice displayed the  greatest  
increase in adrenal  weights  and plasma cort icosterone 
levels and the  greatest  degree of t hymic  involut ion.  The 
respect ive differences were s ta t is t ical ly  significant  when 
compared to the  isolated-fighter  and the  pai red-nonf ighter  
mice. Al though the  pai red-nonf ighter  animals  had smaller  
adrenal  weights,  lower p lasma cort icosterone levels, and 
larger thymic  weights  t han  the  isolated-fighters,  the 
differences were not  s ta t is t ical ly  significant. In  contrast ,  
eva lua t ion  of the  adrenal  ca techolamine levels revealed 
t h a t  in the  isolated mice, the  fighters had s ignif icant ly 
higher  catecholamine levels than  the  isolated-nonfighters.  
The  pai red-nonf ighter  animals  had  values in te rmedia te  
between the  two groups. Stat is t ical  analyses of the  higher  
adrenal  ca techolamine levels in the  paired-nonfighters  
when compared  with  the  isolated-nonfighter  group, 
a l though not  significant  yielded a low P value  of 0.08. 

In  compar ing the  to ta l  isolated vs paired female data, 
the  al terat ions in behavior ,  open-field act ivi ty ,  W B C  
counts and organ weights  agree wi th  previous reports  of 
increased exci tabi l i ty,  aggressiveness and adrenocort ical  
ac t iv i ty  due to isolation 1-3,12, la. Whi le  eva lua t ion  of the  
to ta l  popula t ion  of isolated (n ~ 46) vs paired mice 
(n = 44) showed no significant  differences in the  respect ive 
adrenal  ca techolamine  levels, analyses of the  da ta  based 
on f ight ing behavior  indicated tha t  the  s ignif icantly 
higher  levels in adrenal  ca techolamine concentra t ions  
of the  isolated-f ighter  mice were apparen t ly  counter-  
balanced by  the  isolated-nonfighter  group. The inter-  
media te  a l though higher  catecholamine values observed 
in the  pai red-nonf ighter  vs isolated-nonfighter  groups 
(P  0.08) would suggest t ha t  animal  in terac t ion  present  in 
paired populat ions  s t imula ted  adrenal  medul la ry  ac t iv i ty  
to a certain degree even though i t  was not  accompanied  
by  aggression. I t  is of interest  t ha t  the  catecholamine 
levels of the  to ta l  popula t ion  of paired mice (n ~ 44), 
which included even aggressive animals,  were s ignif icantly 
higher t han  the  concentra t ions  observed in the  isolated- 
nonfighter  group (P  0.01). The  present  findings wi th  
female mice consequent ly  agree in general  wi th  previous 

studies involv ing  males which indica ted  tha t  isolated 
fighters had  higher  sympathe t ic -adrena l  ac t iv i ty  than  
isolated-nonfighter  mice~, 5,15,1~. In  contrast ,  measures  of 
adrenocort ical  ac t iv i ty  (adrenal weights,  t hymic  involu- 
tion, and plasma corticosterone) indicated tha t  isolated 
nonfighters  had signif icantly higher  p i tu i t a ry-adrena l  
ac t iv i ty  than  ei ther  the  isolated-fighters or the  paired- 
nonfighters  and suggested tha t  heightened adrenocort ical  
ac t iv i ty  was not  direct ly  re la ted to agression. Recen t  
reports  have  indicated t h a t  increased aggressiveness due 
to isolation was associated wi th  low A C T H  ti ters  and 
reduced aggressiveness wi th  high p lasma A C T H  ~3-25. The 
present  inves t iga t ion  indicates t h a t  isolation induced 
aggression in female mice was direct ly  re la ted to increased 
sympathe t ic -adrena l  act ivi ty .  Conversely, no direct  
relat ionship was noted be tween adrenocort ical  ac t iv i ty  
and aggressiveness. 

Rdsumd. Lorsque des souris femelles soumises s l ' isole- 
merit  sont  group6es selon leur temp@rament be l l iqueux et 
non-bel l iqueux,  on observe une augmenta t ion  de l ' ac t iv i t6  
m6dullossurr6nalienne chez les an imaux  isol6s bell iqueux.  
Au contraire,  les souris isol@es non-bell iqueuses ont  
montr6  des t aux  de cat6cholamines inf6rieurs et  une 
secr@tion cortico-surr6nale n e t t e m e n t  augment6e.  
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Effect of Oestradiol on Ovarian Progesterone and 20a Hydroxypregn-4-en-3-one  
Secretion During Pseudogestat ion in the Rat 

Having  demons t ra ted  t h a t  the ovar ian  secretion of 
progesterone in the  pseudopregnant  ra t  follows a nych-  
themera l  rhythm1,  we proceeded to examine  and analyse 
the  effects induced by different  doses of oestradiol  during 
the var ious phases of this  circadian secretory cycle, in an 
a t t e m p t  to elucidate the  role of oestrogens in the overal l  
regulat ion of luteal  funct ion under  different  endocrine 
conditions. 

Materials and methods. Adul t  female rats  ( Ivanovas,  
Kisslegg, Germany) weighing 200-250 g, t ha t  had  been 
kept  under  s tandard  labora tory  condit ions in respect  of 
tempera ture ,  humid i ty  and l ight ing (light f rom 06.00 
unt i l  20.00 h daily), were ma ted  wi th  vasec tomized  males 
on the  evening of pro-oestrus.  The  onset of pseudo- 
gestat ion was confirmed by the  presence of a vagina l  
plug on the  following morning  (subsequently verif ied by 
vagina l  smears). The rats  were then  d iv ided into groups 
of 10 (5 in each cage) and t rea ted  dai ly from the  1st unt i l  
the  6th day of pseudogesta t ion wi th  var ious  doses of 
17/~-oestradiol, dissolved in sesame oil and adminis tered 
s.c. Controls received the  solvent  only. Where  appropriate ,  
20e-hydroxypregn-4-en-3-one (20e-OH-P) levels were 
measured by  a f luor imetr ic  method.  

On the  7th day, be tween 08.00 and 12.00 or 15.00 and 
17.00 h, a cannula  was inserted ill the  renal  ve in  near  the  
left  ovar ian  ve in  according to the  me thod  described by  
FAJER and BARRACLOUGH 2. Blood samples (0.5 ml  collect- 
ed in 3-5 min) t aken  f rom each animal  were subjected to 
chromatography,  and the  progesterone conten t  of the  
eluate was measured by  a s l ight ly modif ied version of 
the  prote in-binding assay of 2XIEILL et  al. 3. 

Results. The Figure  shows the  var ia t ions  in proges- 
terone secretion in re la t ion to the  doses of oestradiol  on 
the  7th day of pseudogesta t ion in in tac t  rats. The 
adminis t ra t ion  of oestradiol  in doses of 0.01, 0.03 or 
0.1 ~g/kg daily for the  first six days of pseud0gestat ion 
resulted in a s ta t is t ical ly  significant  decrease in the  pro- 
gesterone con ten t  of the  ovar ian  venous blood eannula ted  
on the  7th day, be tween 08.00 and 12.00 h (Figure), i.e. 
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