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INTRODUCTION

M o s t p h y s io lo g ic a l s tud ies  o f mammalian aggression have shown 

the  androgen, te s to s te ro n e , to  be o f c r i t ic a l importance (Beeman, 1947; 

Leshner, 1975; Leshner & M o ye r, 1975; Leshner & C andland, 1973; 

Leshner, W a lk e r, Johnson, K e llin g , K re is le r & Svare, 1973).

Testosterone is  produced in  the in te rs t i t ia l  c e lls  o f the  tes tes  in  response 

to  p itu ita ry  secre tion  o f lu te in iz in g  hormone, LH , and fo l l ic le  

s tim u la tin g  hormone, FSH (Grumback, 1971). Th is s te ro id , in  tu rn , 

serves as pa rt o f a long loop feedback system  to  in h ib it  p roduction  of 

hypotha lam ic  re le a s in g  fa c to rs  th a t co n tro l p itu ita ry  re lease o f LH and 

FSH (C ross, 1973). The main ta rg e t organs o f testosterone  are the 

sem ina l v e s ic le s  and prosta te  bu t i ts  e ffe c t is  w idespread (Short, 1973). 

H ypophysectom y or ca s tra tio n  w i l l  cause atrophy o f the sem ina l ve s ic le s  

and p rosta te  w h ile  testosterone  propionate rep lacem ent therapy w i l l  

res to re  these  g lands to  th e ir  norm al w e igh ts  (Bottom ley & F o lle y , 1938). 

M o s t p h y s io lo g ic a l responses to  tes toste rone  are mediated b y  b ind ing  

o f the androgen to  cy top lasm ic  co n s titu e n ts  o f ta rg e t c e lls .  W h ile  the 

b ra in  is  not co n ve n tio n a lly  v iew ed as an androgen ta rg e t organ, 

au to rad iograph ic  s tud ies  o f the ce n tra l nervous system  have shown 

androgen uptake is  h ighes t in  the hypo tha lam us, septum and amgdyla 

(Sar & Stum pf, 1973). E le c tr ic a l s tim u la tio n , tes tos terone  im p lan t and 

le s io n  s tud ies have shown these areas to  be in tim a te ly  invo lved  in  

aggress ive  behav io r (Owen, Peters & Bronson, 1974; S lo tn ick  & M u lle n , 

1972; H u tch inson  & Renfrew, 1966; K a r li,  Vergnes & D id ie rgeo rg es ,

1969). Th is  suggests th a t tes tos terone  may p la y  a ro le  in  aggression 

through its  e ffe c t on the b ra in .

The s tudy  o f aggression  as a dependent va riab le  is  plagued w ith  

many p rob lem s. A frequen tly  used techn ique  is  pa ired aggressive

1
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f ig h tin g  in  w h ich  male m ice reared in  is o la t io n  or ham ste rs , g e rb ils  and 

o ther s p e c ie s , p laced in  a n e u tra l te r r ito ry  w i l l  engage in  com bative  

behavio r (Banerjee, 1972; V a lz i l l i ,  1969; H ard ing & Leshner, 1971; 

W is e , 1974; B ra in , 1972). Leshner (1975) and Leshner and Candland 

(1973) have shown th a t c a s tra tio n  w i l l  p revent f ig h tin g  in  m ice but 

tes tos te rone  propionate  rep lacem ent w i l l  re in s ta te  th is  b e h a v io r. Some 

species how ever, (eg. d o g s , ham ste rs , and macaque monkeys) con tinue  

to  f ig h t a fte r  ca s tra tio n  (W h its e tt, 1975; M o ye r, 1974). A lso , fem ale 

m ice reared in  is o la tio n  do no t show th is  response bu t fem ales 

m ascu lin ized  by neonata l te s tos te rone  in je c tio n s  w i l l  show the  

aggress ive  response fo llo w in g  another tes tos te rone  in je c t io n  in  a d u lt­

hood . These la te r fin d in g s  ind ica te  th a t a fte r  b ir th  the re  may be a 

c r i t ic a l  tim e period w ith in  w h ich  exposure o f the  ce n tra l nervous system  

to  androgens is  c r i t ic a l  fo r  male -  l ik e  developm ent (M oyer, 1974; 

Leshner & Johnson, 1974).

In  a d d itio n  to  the  sex va ria b les  and lim ite d  cho ice o f spec ies  the 

s ize  o f the f ig h t cage as w e ll as its  n e u tra lity  are im portan t va ria b le s  

in  pa ired f ig h tin g  te s ts .  Too large a cage y ie ld s  a marked re d u c tio n  in  

f ig h tin g  and "hom e" te r r ito ry  co rre la tes  h ig h ly  w ith  f ig h t  outcome (S cott, 

1966; Anderson & H i l l ,  1965; U lr ic h  & A z r in , 1962).

Another ve ry  im portan t fa c to r w h ich  must be considered when 

u t i l iz in g  th is  measure o f aggress ion  is  the dom inance-subm iss ion  

in te ra c tio n . M ale  m ice , when .reared in  a g roup, do n o t c o n s ta n tly  

f ig h t  but ra the r e s ta b lis h  a h ie ra rch y . Th is h ie ra rch y  m a in ta ins order 

w ith in  the group and, in  much the  same manner, can be e s ta b lish e d  in  

pa ired  aggressive f ig h t te s ts  and th is  in  tu rn  a ffe c ts  the  te s t re s u lts  

(S co tt, 1966; L in d zy , W ins ton  & M a n o se v itz , 1961). T here fo re , i t  

becomes necessary to  make every e ffo r t to  standard ize opponents both  

w ith in  and between experim enta l in v e s tig a tio n s .

Another m ethodology used to  s tudy  aggression is  shock e lic ite d  

f ig h t in g . This techn ique  uses an a v e rs iv e , env ironm enta l s tim u lus
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(e le c tr ic  shock) presented p e r io d ic a lly ,  but s im u lta n e o us ly , to  sub jec ts  

in  a con fined  area (U lr ich  & A z r in , 1962). H utch inson  (1973) has shown 

th a t these aggress ive  responses are the  re s u lt o f e ith e r antecendent 

c o n d it io n s , such as a noxious s tim u lus  or rem oval o f a re in fo rc in g  

s tim u lus  o r consequen tia l co n d itio n s  such as re in fo rcem en t o f an a tta c k  

response o r rem ova l o f nox ious s t im u li a fte r a tta ck  responses.

S evera l advantages o f th is  techn ique  are apparen t. M any species 

(ra ts , c a ts , m ice , m onkeys, ham ste rs , tu r t le s ,  snakes and others) w i l l  

respond w ith  a tta ck  behav io r fo llo w in g  shock (U lr ich  & A z rin , 1962;

U lr ic h ,  H u tch in so n  & A z rin , 1965). Shock is  not the  on ly  avers ive  

s tim u lu s  capab le  o f e l ic i t in g  th is  response . In tense no ise  and heat w i l l  

a ls o  b ring  about com bative  behav io r (U lr ich  & A z rin , 1962; H u tch in son , 

1973). F u rth e r, sex and age seem to  be less  im portan t va ria b les  s ince  

fem ales w i l l  engage in  a tta ck  responses as w e l l  as an im a ls va ry ing  

w id e ly  in  age (H u tch inson , U lr ic h  & A z rin , 1965; U lr ic h  & A z rin , 1962). 

Th is  shock e lic ite d  paradigm  was u t i l iz e d  by H u tch inson  e t a l . (1965) to  

show  th a t androgen d e p le tio n  fo llo w in g  ca s tra tio n  w i l l  d im in ish  the 

a tta c k  response .

One im portan t d isadvantage o f the  pa ired -  sub jec t paradigm  is  

th a t s u b je c tive  observa tion  is  p re re q u is ite  fo r  th is  sys tem , a lthough th is  

is  co n tro lle d  to  some exten t by the use o f tw o  or more tra ined  observers 

sco ring  the  s e ss io n . Since i t  was d iscove red  th a t an im a ls w i l l  re lia b ly  

a tta c k  inan im ate  ob jec ts  i t  has become p o ss ib le  to  c o lle c t measurements 

such as la te n c y , frequency and fo rce  o f a tta ck  fo r  va rious s tim u li 

(H u tch inson  & Em ely, 1972; H u tch in so n , 1973; H u tch inson , A zrin  &

H ake , 1966; A z r in , H u tch inson  & S a lla ry , 1964; A z r in , Rubin & H u tch in so n , 

1968). The a tta ck  upon inan im ate  ta rg e ts  is  a lso  im portan t s ince  i t  

a llo w s  a s ing le  sub jec t des ign  and the  im portance o f the  dom inance- 

sub m iss ive  in te ra c tio n  is  e lim in a te d . A zrin  e t a l .  (1964) and H utch inson  

e t y . .  (1966) found th a t e le c tr ic a k s w itc h  c losure  co n tro lle d  by the  a tta ck
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o f the inan im ate  ta rg e t was a more re lia b le  measure than  sub je c tive  

observa tion  and record ing  o f the  a tta ck  by hum ans.

M os t aggress ive  behavio r s tud ies  have observed aggress ion  as the 

so le dependent v a r ia b le . That various;procedures are s e le c t iv e ly  

a ffe c tin g  aggress ion  can o n ly  be shown by concom itan t measures on 

o ther dependent va riab les  such as a c t iv ity  le v e ls  or learned responses. 

Brain and N ow e ll (1969) d id  fin d  a p o s it iv e  co rre la tio n  betw een open 

f ie ld  behav io r and aggressive  scores in  mice but no fu rth e r m anipu la tions 

were made. H ow ever, E le fth e r io u ; E lia s , C herry  and Lucas (1976) found 

runw hee l a c t iv ity  le v e ls  and tes toste rone  p lasm a le v e ls  were not re la ted  

in  m ice . In ge ne ra l, how ever, most s tud ies on aggress ion  have ignored 

the  above q u e s tio n s .

The o b je c tive  o f the  present s tudy was to  m anipu la te  hormone leve ls  

v ia  c a s tra tio n  and subsequent s te ro id  rep lacem ent the rapy and observe 

the  e ffe c ts  on both  b it in g  a tta c k  o f an inanim ate ta rg e t, pa ired  f ig h tin g  

and runw heel a c t iv ity  responses. Somatic changes to  s te ro id  m anipulations 

were monitored by organ w e ig h t m easurements. Two experim enta l phases 

were used; the f i r s t  s tud ied  m a le -fem a le  d iffe re nce s  and b a s ic  hormonal 

m an ipu la tions and the second assessed hormonal m an ipu la tions as they 

re la te  to  organ w e ig h t, pa ired  f ig h tin g  observations and runw heel a c t iv ity .

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



METHODS 

Experim ental Anim als

Experim ental an im als were 25 male and 10 fem ale mice o f the 

U pjohn CF -  1 s tra in  (Upjohn Labora tory , Kalam azoo, M I) . They were 

ob ta ined , when seven weeks o ld , in  tw o  experim enta l phases; the  f i r s t  

phase cons is ted  o f 10 males and 10 fem ales and the second phase, 

ordered tw o  months la te r , cons is ted  o f 15 m ales. They were housed in  

in d iv id u a l cages w ith  ad lib itu m  access to  food and w ater th roughout the 

experim ent. C o lony room lig h ts  were a u to m a tica lly  turned on a t 07:00 

and o ff a t 22:00.

Apparatus

The te s t apparatus was a transparen t p la s t ic  c y lin d e r 9 cm long w ith  

a 3 .7  cm inne r d iam ete r. The t a i l  of the mouse was passed through a s lo t 

in  the base o f the c y lin d e r and a ffixed  w ith  "D e rm ice l"  tape (Johnson & 

Johnson, New B runsw ick, N .J .)  to  a p la s t ic  rod attached p a ra lle l to  the  

lo n g  a x is  o f the c y lin d e r. The cy lin d e r was then capped w ith  a p la s t ic  

face  and p os ition ed  in  a la rg e r apparatus w h ich  he ld  the b ite  ta rg e t and 

shock e le c trodes . The ta rge t was a s t i f f  n y lon  s tr ip  0 .5  cm w ide  and 

between 3 .6  and 4 .4  cm lo n g . The leng th  o f the  ta rg e t va ried  such th a t 

the  forw ard edge reached an im aginary lin e  pe rpend icu la r to  the  long a x is  

o f the cy lin d e r and passed ju s t  an te rio r to  the eye o f the re s tin g  an im a l 

(F ig . 1). The e lectrodes were brass bars 0 .9  cm w id e , 0 .9  cm h igh  and 

9 cm lon g . Two such e lectrodes rested on an untaped po rtion  o f the  t a i l  

a lthough  shock was no t used in  th is  experim ent. The ny lon  ta rge t was 

connected to  a te legraph  ke y . The k e y , in '.tu rn , was w ired  to  e le c tro ­

m echanica l counters and cum la tive  recorders in  a separate room . B itin g  -  

tugg ing  ac tions  on the ta rge t were thus recorded .

5
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Figure 1. The te s t apparatus: E = e lec trod e s , PC = p la s t ic  c y lin d e r, 
TK = te legraph  k e y , BT = b ite  ta rg e t.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



CO

<n
3

O
a
a<
©

O

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



8

A sound a tte n u a te d , tem perature and l ig h t  co n tro lle d  chamber 

housed the  appara tus . W h ite  no ise  a t 60db to  mask sounds and a ir  

v e n tila t io n  system s were a ls o  used. Four 3 w a tt bu lbs supp lied  the  

l ig h t  from  the  chamber c e il in g .

Procedure

At the  same tim e  each m orning a mouse was removed from  its  home 

ca g e , p laced  in  the  c y lin d e r  and its  t a i l  w as secured to  the  t a i l  support 

ro d . Body w e ig h t w as recorded and th e  c y lin d e r then pos itio n e d  in  the 

cham ber. The te s t sess ion  began w ith  the lig h ts  com ing on and 

con tinued  fo r  15 m inu tes . The te s t sess ions were conducted on weekdays 

o n ly .

Groups

There w as a to ta l o f seven groups in  the tw o  experim enta l phases 

(see Table 1 ). The f i r s t  phase had fo u r g roups. Group 1 co n s is ted  o f 

f iv e  males te s te d  f i r s t  as norm als fo r one w e e k . A fte r each sess ion  0 .1  

m l o f sesame o i l  was adm in is te red  subcu taneous ly . A fte r the  f i r s t  w eek 

o f te s tin g  th e y  were c a s tra te d , a llow ed  a three day recovery  and then  

re tes ted  fo r  s ix  d a y s . Subcutaneous tes tos te rone  propionate  (TP) 

in je c tio n s  (150 |_ig/day) w ere then in it ia te d  fo r  26 days on a s tepw ise  

g radua lly  reduc ing  dosage reg im en u n t i l  o n ly  the  ve h ic le  was g iven  

(con tro l ve h ic le  in je c t io n ) . C on tro l ve h ic le  in je c tio n s  continued fo r  

tw e lve  d a y s .

Group 2 co n s is ted  o f f iv e  m a les . These m ice were trea ted  the same 

as those o f Group 1 fo r  the  course of the  experim ent except th a t th e y  

rece ived  o n ly  sham o p e ra tio n s .

Groups 3 and 4 each cons is ted  o f f iv e  fem ale m ice . These m ice 

were trea ted  the same as those  in  Groups 1 and 2 w ith  the excep tion  

th a t the  an im a ls in  Group 3 were ovariec tom ized  and those o f Group 4 

rece ived  sham o p e ra tio n s . Estrogen (150 | ig /d a y ) ,  how ever, was
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PHASE 1

1 5 c? ( V | CAST | V j_______________ TP_____________ V j

2 5 c? | V 1 SHAM | V 1  TP_______ VJ

3 5 ? 1 V 1 OVAR | V 1 E | V | TP | V j

4 5 2 1 V 1 SHAM | V | E \ V: | TP | V |

DAYS 1^5 3 day 6-11 12-16 17-18 19-28 29-41
recovery

PHASE 2

5 5d» | SHAM 1 V 1 TP \ V j________T P j

6 5 cT 1 CAST j V j V j V |________V j

7 5 0* | CAST 1 V | TP 1 V \________T P j
\

DAYS 4 day 1-7 8 -28  29-37 38-41
recovery

Table 1 . Sequence o f in je c tio n s  and procedures in  days fo r  the seven 
g roups. Numbers be low  ind ica te  sess ion  spans. The tw o  
colum ns of numbers on the le f t  are the  group number and 
number o f mice per group, re s p e c t iv e ly . CAST = ca s tra tio n ; 
OVAR = ovariectom y; V = ve h ic le  in je c tio n ; TP = testosterone  
prop ionate ; E = estrogen .
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in i t ia l ly  g iven  to  these  fem ales ra ther than TP. Estrogen in je c tio n s  

continued fo r  n ine days and were fo llo w ed  by tw o  days o f con tro l 

ve h ic le  in je c tio n s  and then  by f if te e n  days o f TP (150 (j.g /day).

F in a lly ,  tw e lve  days o f co n tro l veh ic le  in je c tio n s  fo llo w e d  the 

hormone in je c tio n s . The mice in  these f i r s t  fo u r groups were then 

sa c rif ice d  and sem ina l v e s ic le , p ro s ta te , uterus a n d /o r adrena l w e igh ts  

were measured.

The second phase con s is ted  of three a d d itio n a l groups con ta in ing  

fiv e  males per group. Group 5 anim als rece ived  a sham operation  fou r 

days p rio r to  the s ta rt o f te s tin g . They then were tes ted  fo r  s ix  days w ith  

d a ily  co n tro l veh ic le  in je c tio n s  fo llo w e d  by s ix tee n  days o f 150 p g /d a y  TP. 

The dosage was then  increased to  250 |ug/day fo r  fou r days and f in a l ly  

f iv e  days o f con tro l ve h ic le  in je c tio n s .

The mice o f Groups 6 and 7 were trea ted  the same as those o f 

Group 5 except th a t th e y  were castra ted ra ther than  sham operated. In 

a d d itio n , Group 6 m ice rece ived on ly  the co n tro l in je c tio n s .

M ice  in  Groups 5 , 6 and 7 were tes ted  fo r  running a c t iv ity  v a r ia t io n s . 

A fte r measurement o f b it in g  each day they were p laced in  a running w heel 

in  an id e n tic a l chamber fo r f if te e n  m inu tes . The w hee l was 15 cm in  

d iam eter and 9 .9  cm w id e . E lectrom echan ica l counters recorded the 

number o f re vo lu tio n s  per sess ion .

F in a lly ,  one day a fte r the la s t ve h ic le  in je c t io n , Groups 5 , 6 and 

7 were tes ted  in  a standard p a ire d -fig h tin g  te s t paradigm  (Edwards, 1970). 

TP in je c tio n s  were the n  re ins ta ted  fo r fo u r days a t 250 p ig /day and the 

pa ired f ig h tin g  te s t conducted once aga in . M ice  were then sa c rifice d  

and sem ina l v e s ic le , p rosta te  and adrenal w e igh ts  were measured.

Nonparametric s ta t is t ic s  (Mann -  W h itn e y , w ith  the  2.5% le v e l 

accepted fo r  s ig n ifica n ce ) were used fo r  te s ts  o f s ig n if ic a n t d iffe rence  

un less o therw ise no ted .
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RESULTS

In  phase one, the  sham -operated males a ttacked  the b ite  ta rge t 

s ig n if ic a n t ly  more than  the sham -operated fem ales during  the in i t ia l  

e leven  sess ions o f ve h ic le  on ly  in je c tio n s . The b ite s  per sess ion  

means fo r th is  com parison were 432 fo r  the  males and 31 fo r  the fem a les . 

Th is  re la tio n s h ip  was no t a lte red  when TP or estrogen was added to  the 

d a ily  in je c tio n s  over the  next seventeen sess ions (X = 550 & 93 fo r  the 

males and fe m a le s , re sp e c tive ly ) and pe rs is ted  w hen these sham - 

operated m ice rece ived  ve h ic le  on ly  in je c tio n s  over the  la s t f if te e n  

sessions (X = 497 & 84; see F ig . 2 ).

The b ite s  per sess ion  means fo r  the 150 p ig /d a y , 75 (_ig/day and 

30 (ag/day TP in je c tio n s  fo r  the sham -operated males were 542, 543 and 

573. No s ta t is t ic a l com parison between these three treatm ents them selves 

and the predrug and postdrug ve h ic le  on ly  trea tm ents showed s ta t is t ic a l 

d iffe re nces  (see F ig . 2G;)..

The means fo r the ve h ic le  on ly  and 150 p ig /day estrogen treatm ents 

in  the  sham -operated fem ales were a n o n s ig n if ic a n tly  d iffe re n t 31 and 

26 re s p e c tiv e ly . W hen TP was adm in istered to  these fem ales the  mean 

number o f b ite s  per se ss io n  s ig n if ic a n t ly  increased to  123 fo r  the tw e lve  

day period (see F ig . 215,),.

W hen norm al males were castra ted the  b ite  a tta ck  le v e l dropped 

s ig n if ic a n t ly  from  a p reopera tive  le v e l o f 635 to  a postopera tive  le v e l 

o f 87. O ve riec tom iz ing  the  norm al fem ales d id  not s ig n if ic a n t ly  a lte r 

th e ir  b ite  a tta ck  le v e ls  (X = 75 preoperative  and 47 p o s to p e ra tive , see 

F ig . 2A and B ).

The 150 jug /day , 75 p,g/day and 30 |j.g /day TP in je c tio n s  increased 

the b ite  a tta ck  means o f the  castra ted  males to  421, 534 and 425, 

re s p e c tiv e ly . Each o f these treatm ent increases was s ig n if ic a n t ly

11
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Figure 2. P lo t o f b it in g  a tta ck  means over sess ions fo r phase one m ice . 
Treatments are ind ica ted  above g ra ph s . TP = tes tos te rone  
p rop iona te , V = co n tro l ve h ic le  in je c t io n s , E = estrogen , ca s t =
c a s tra tio n , ovar = ovarectom y. = norm al m ale; □ -----□  =
ca s t male; 0 - 0  = normal fem ale; A  A  = ovar fem a le .
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greater than  the  predrug b ite  a tta ck  le v e ls . Estrogen adm in is te red  to  

the  ovarectom ized fem ales had no e ffe c t on the b ite  a ttack  response 

but when TP was adm in is te red  the  mean increased to  91 a lthough  th is  

d iffe re nce  w as no t s ig n if ic a n t when compared w ith  predrug b ite  a tta ck  

le ve ls  (see F ig . 2C ).

F igure 3 p resents the dose response curve  fo r  the  castra ted  males 

and th e ir  TP in je c tio n s . B ites per sess ion  ca lc u la tio n s  were based on ly 

on the la s t  three days fo r  each trea tm ent dosage to  e lim ina te  any poss ib le  

in fluence  from  the previous trea tm en t. I t  is  apparent th a t the  g rea te r the 

dosage the  h igher the b ite  a tta ck  fre quen cy . A t 75 ( jg /d a y  there seems to  

be a m axim al e ffe c t s ince  doub ling  the dosage d id  no t a lte r  the  b ite  a ttack 

le v e l.

Table 2 is  an organ w e ig h t ta b le  d e p ic tin g  re s u lts  o f su rg ic a l 

m an ipu la tions . For m ales, the  sem ina l v e s ic le  and prosta te  w e ig h ts  were 

s ig n if ic a n t ly  g rea te r in  the  sham operated groups than in  the castra ted 

groups and fo r  the  fe m a les , there was a s ig n if ic a n t d iffe rence  between 

uterus w e ig h ts  o f sham operated and cas tra ted  groups w ith  the sham 

operated group having  the h eav ie r u te ru s .

In  phase tw o , sham operated males a ttacked  the  b ite  ta rg e t 

s ig n if ic a n t ly  more than castra ted  males (X = 298 & 59, re s p e c tiv e ly ) .

W hen TP w as adm in is te red  to  one group of cas tra ted  m ales, a tta ck  

le v e ls  were increased s ig n if ic a n t ly  (X = 181) as compared to  co n tro l 

castra ted  males (X = 48 ). The b ite  a tta ck  frequenc ies  fo r  the  sham 

operated males d id  no t show a s ig n if ic a n t d iffe re n ce  between the  predrug 

mean (X = 298) and the 150 [ug/day TP trea tm en t mean (X = 279). Increas ing  

the dosage to  250 |jg /d a y  had no s ig n if ic a n t e ffe c t on e ith e r the sham 

operated males (X = 235) nor the  ca s tra te d , TP trea ted  males (X = 188). 

When TP in je c tio n s  were d iscon tin ued  the mean b ite  a ttack  frequency 

of castra ted  males decreased s ig n if ic a n t ly  to  86 w h ile  the  sham operated 

males a tta c k  le v e l increased o n ly  s l ig h t ly  to  307 (see F ig . 4A).
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Body w t .

(g)

Adrenal 
g land w t. 

(mg)

Sem inal 
v e s ic le  w t.  

(mg)

Prostate
w t.
(mg)

C on tro l
M a les

X 42 1.3 6 .2 15.8

R 39-48 1 .0 -1 .5 4 .6 -8 .0 1 2 .8 -2 0 .7

C a s t.
M a les

X 39 1 .7 3 .0 8 .9

R 36-41 1 .1 -2 .3 2 .4 -4 .3 2 .7 -1 1 .2

U terus

C o n tro l X 34 1 .6 3 .6

Females R 31-36 1 .1 -2 .6 2 .7 -4 .9

O var. X 39 1 .6 1 .8
Females

R 33-42 1 .3 -2 .4 1 .6 -2 .2

Table 2 . Phase one body and organ w eigh ts  measured tw e lve  days a fte r 
the la s t TP in je c t io n . X = mean; R =  range
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Figure 3 . D ose-response curve fo r  phase 1, castra ted  m ales.
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PRE TP POST TP

FIGHTS
i
1 LATENCY FIGHTS | LATENCY

s #1 #2
1
i
i

#1 #2 #1 #2 » #1 #2

21 54 54 i
i 153 153 55 52 [ 10 11

22 65 67 1
1 154 154 128 124 . 7 10

23 86 88 1 4 4 69 60 1 6 7

24 81 70
1
1 10 10 97 92 i 7 10

25 109 109
1
it 13 14 96 ' 80 » 5 5

GROUP 5

26 28 24 i
1 52 53 0 0 I 300 300

27 8 5 1 160 162 0 0 » 300 300

28 3 2 1 264 264 41 45 | 169 168

29 19 23 1 157 157 0 0 J 300 300

30 43 48
1
11 9 10 41 45 | 169 168

GROUP 6

31 0 0
1
\ 300 300 50 50 | 150 151

32 19 12 1
1 242 244 63 59 j 126 126

33 40 40
1
1 105 108 8 9 ! 258 259

34 21 19
1
1 163 164 87 87 J 1 2

35 0 0 1
X 300 300 35 32 j 233 234

GROUP 7

Table 3 . Paired aggress ive  f ig h t and la tency  scores fo r  each o f the 
f if te e n  m ice (S) in  phase tw o . The scores are presented fo r 
both  observers (#1 & # 2 ). Latency scores are in  seconds.
A f ig h t  response was scored i f  e ith e r mouse lunged a t its  
oponent in  a b it in g  a ttem p t.
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Runwheel a c t iv ity  le v e ls  w ere n o t a ffec ted  s ig n if ic a n t ly  by any 

su rg ic a l o r hormonal trea tm en t. There w a s , how ever, an increas ing  

trend in  runw hee l performance s ince  there  w as a s ig n if ic a n t increase 

in  t  ota I r e  vo lu tio n s  fo r  a l l  groups combined w hen the f i r s t  f iv e  sess ions 

are compared w ith  the la s t f iv e  (X = 205 & 348; see F ig . 4B ).

The data from  the  pa ired  f ig h tin g  te s t are summarized in  Table 3 . 

The co rre la tio n  between to ta l p a ire d  f ig h ts  and to ta l b ite  a ttacks  was 

.79 w h ich  w as s ig n if ic a n t to  p <  .01 (see F ig . 5 ).

Table 4 presents organ w e igh ts  fo r  the three groups o f phase tw o . 

The TP trea tm en t was s u ff ic ie n t to  s ig n if ic a n t ly  increase both sem ina l 

v e s ic le  and p rosta te  w e ig h t in  the  drug trea ted  group o f castra tes  as 

compared w ith  castra tes  trea ted  w ith  the  v e h ic le .
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Body w t.

(g)

Adrenal
w t .
(mg)

Seminal 
v e s ic le  w t .  

(mg)

Prostate
w t.
(mg)

C on tro l 
M a les  & TP

X 45 1 .0 9 .2 19.0

R'-‘ 42-48 .7 7 -1 .2 7 .2 -1 3 .9 1 7 .1 -2 1 .0

C a s t.
M a les  & TP

X 43 1 .1 3 .9 13.2

R 39-50 1 .0 -1 .4 2 .4 -5 .7 1 0 .4 -1 6 .3

X 42 1 .2 1.6 8.8
C a s t. 
M a les  & V R • 38-42 .8 8 -1 .9 .8 3 -2 .7 5 .3 -1 1 .0

Table 4 . Body and organ w e igh t measurements o f phase tw o  measured 
one day a fte r the la s t TP in je c t io n . X = mean; R = range
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Figure 4 . P lot o f b it in g  a tta ck  mean and running re vo lu tio n  over sessions 
fo r  phase tw o . Treatments are ind ica ted  above g raphs. ■ - *  =
normal male; 0 - 0  = cast male trea ted  w ith  TP; A  A  = ca s t
m ale,no TP trea tm ent.
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Figure 5 . P lo t o f b it in g  a tta ck  means fo r the  la s t f iv e  TP sessions v s .
pa ired  f ig h t in g  " f ig h t"  sco res . F ig h t scores fo r  both  the  pre 
and p os t TP te s ts  (Table 3) were com bined fo r  th is  fig u re .
| H i  = norm al m ale; 0 - 0  = cast male trea ted  w ith  TP; A  A
cast male no TP tre a tm e n t.
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DISCUSSION

The present te s t paradigm  proved ve ry  e ffe c tiv e  as a means fo r  

s tudy ing  aggress ive  b ehav io r. No a d d itio n a l s tim u lu s , such as e le c tr ic  

sho ck , was necessary to  b ring  out b it in g  behavio r; the re s tra in t o f the 

te s t  apparatus alone was s u ff ic ie n t. The advantages o f a sim ple system  

co n s is tin g  o f cham ber, ta rge t and counter make th is  system  h ig h ly  

conducive as a p o te n tia l means o f genera ting  q u ic k , inexpensive  but 

re lia b le  measurements on e ffe c ts  o f pharm aco log ica l a g en ts . The 

a d d itio n a l advantages o f s ing le  sub je c t d e s ig n , e lim in a tin g  dom inance- 

subm iss ive  in te ra c tio n s  as w e ll as in ju ry  to  the  ta rge t an im a l are a lso  

im po rtan t.

The h igh  co rre la tio n  w ith  the more standard p a ire d -fig h tin g  aggression 

te s t and the fa c t th a t b ite  a tta ck  le ve ls  were m anipulated by cas tra tio n  

and TP in je c tio n s  w ith o u t a ffe c tin g  the runw hee l a c t iv ity  le ve ls  ind ica tes  

th is  new te s t  des ign  is  one of im portance fo r  fu tu re  research in  the 

pharm aco log ica l and p h y s io lo g ic a l s tudy o f aggress ion . The h igh 

c o rre la tio n  o f the  TP on organ w e ig h t, b it in g  frequency and paired fig h tin g  

w as in d ic a tiv e  o f the s e n s it iv ity  of th is  te s t .

The fin d in g  o f the d iffe rences between male and fem ale groups of 

m ice m ight be expected cons ide ring  the  lite ra tu re  ind ica tes  th a t the male 

is  more aggress ive  than the  female (Beeman, 1947; B ra in , 1972; Leshner, 

1975). Th is  s tudy presents th is  fin d in g  in  a more o b je c tive  manner w ith  

a d ire c t com parison o f b ite  a ttack  frequenc ies o f male and fem ale m ice . 

Both untreated con tro ls  and TP treated males had h igher le ve ls  on th is  

response than  the  co n tro l o r TP or estrogen trea ted  fem a les.

The a d d itio n a l f in d in g  th a t castra ted  males were less  aggressive 

than  normal males was a lso  to  be expected on the bas is  o f the experim ents 

c ite d  above. The fa c t th a t TP in je c tio n s  increased the b ite  a ttack  leve ls

25
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o f the castra ted  males w as a lso  expected cons ide ring  the conc lu s ive  

evidence th a t TP resto res  aggress ive  behavio r to  castra ted  males in  

the p a ire d - fig h t te s t m odel. That th is  TP e ffe c t is  no t a genera lized  

s tim u lan t e ffe c t is  in d ica te d  by the la c k  o f any change in  the runw heel' 

a c t iv ity  le ve ls  taken  during  phase tw o . H ow ever, the increase noted in  

the normal fem ales w ith  the TP trea tm ent was no t expected s ince  

p rev ious lite ra tu re  ind ica te d  th a t a neonata l in je c tio n  was p re requ is ite  

fo r  such an androgen e ffe c t ,  a t le a s t in  the pa ired  f ig h tin g  te s ts .  Further 

stud ies are needed to  c la r ify  the  ro le  o f androgens in  fem ale aggress ion . 

Estrogens were not e ffe c tiv e  in  increas ing  the aggress ive  a c t iv ity  o f the 

fem ales but perhaps pregnancy and the  garnet o f hormonal changes 

assoc ia ted  w ith  i t  w ou ld  do so . M oyer (1974) has ind ica te d  tha t 

pregnancy m arkedly increases the aggressiveness o f m ice .

The dose response curve o f phase one is  in te re s tin g  in  tw o  re sp ec ts . 

F irs t ,  there is  a m axim al e ffe c t a t 75 pig TP /day beyond w h ich  h igher 

dosages seem to  have l i t t le  a d d itio n a l e ffe c t on inc re as ing  the  b ite  

a tta ck  le v e ls . Th is  aspect is  fu rth e r ind ica ted  by the  fa c t th a t TP g ive n -, 

to  males w ith  in ta c t te s te s  a lso  d id  no t fu rth e r increase  th e ir  aggressive 

response . Th is  la te r  f in d in g , how ever, may be re la ted  to  the  fa c t th a t 

exogenous tes tos te rone  in h ib ite d  p itu ita ry  LH secre tions  and consequently  

there was no change in  c irc u la tin g  tes tosterone  le v e ls . Second, i t  can 

be seen from  the dose response curve (F ig . 3 ) th a t w ith in  l im its ,  there 

is  a m onotonic re la tio n s h ip  between tes tosterone  rep lacem ent and the b ite  

a tta ck  le v e l.

F in a lly ,  the TP was s u ff ic ie n t to  restore the  a trophied testosterone 

ta rge t organs (Tables 2 and 4 ), to  increase pa ired  f ig h t in g  in  the castra ted  

males (Table 3 ), and to  increase the b ite  a tta ck  response in  the castra ted  

males but not the  in ta c t m a les. In  a d d itio n , TP had no e ffe c t on the 

runwheel a c t iv ity  le v e ls .  Th is  s tu d y , there fo re  con firm s and extends
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(and o b je c tif ie s )  the  lite ra tu re  in d ic a tin g  the  im portance o f androgens 

in  the re g u la tio n  o f aggress ion .
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