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THYROTROPIN-re leas ing  h o r m o n e  (TRH;  L-pyroglut-  
amyl -L-h is t idy l -L-pro l ineamide)  is a h y p o t h a l a m i c  releasing 
fac tor  which  produces  an increased o u t p u t  of  thy ro id -  
s t imula t ing  h o r m o n e  (TSH) f rom the  p i tu i ta ry  [ 2 5 ] .  
However,  in recen t  years m a n y  repor t s  have led to the  
conc lus ion  t ha t  TRH,  in add i t i on  to its effect  on  the  
p i t u i t a ry - thy ro id  axis, also may  have direct  ac t ions  on  the  
centra l  nervous  sys tem (CNS). 

TRH has been  s h o w n  to p o t e n t i a t e  the s t imu lan t  ac t iv i ty  
of d i h y d r o x y p h e n y l a l a n i n e  (DOPA)  in pargy l ine-pre t rea ted  
mice [ 1 6 ] ;  this  was the  first d e m o n s t r a t i o n  t ha t  this  
t r ipept ide  had  effects  on  the  CNS. This act ivi ty of  TRH 
appeared  to be i n d e p e n d e n t  of  its act ivi ty on  e i ther  the  
p i t a i t a ry  or t hy ro id  glands since the  p o t e n t i a t i o n  still 
occur red  in h y p o p h y s e c t o m i z e d  mice [17]  and  in thy-  
ro idec tomized  rats  [ 17] .  

Prange and  Wilson and  the i r  co-workers  [18 ,19]  orig- 
inally r epo r t ed  tha t  T R H  exh ib i t ed  rapid,  shor t - las t ing  
an t idepressan t  act ivi ty  in man.  Subsequen t ly ,  this  f inding 
has been  con f i rmed  by  several au tho r s  [12, 15, 2 6 ] ;  
however ,  some conf l ic t ing  negat ive  f indings wi th  TRH in 
depress ion have been  r epo r t ed  [2, 7, 22 ] .  TRH has  also 
been s h o w n  to p roduce  mild euphor i a  and a sense of  
re laxa t ion  in no rma l  w o m e n  which  appeared  to be un-  
related t o  t hy ro id  s t imu la t ion  [27 ,28]  and o the r  ther-  
apeut ic  ef fec ts  in cerebral  gigant ism [23]  and hyperk ines ia  
in ch i ld ren  [ 2 4 ] .  In add i t ion ,  s ignif icant  eff icacy in the 
t r e a t m e n t  of  sch izophren ia  has been  r epo r t ed  [ 8 , 2 8 ] ;  

however ,  Clark and  co-workers  [6] have failed to repl icate  
this f inding in long- te rm ins t i tu t iona l i zed  chron ic  schizo- 
phrenic  pat ients .  

Thus,  TRH appears  to act on  CNS s t ruc tures  to affect  a 
wide range of  m e n t a l  s tates  and  behaviors .  The purpose  of  
the p resen t  s t udy  was to invest igate  the  effects  of  TRH on 
the  f ight ing behav io r  of  mice induced  by  pro longed  per iods  
of  social isolat ion.  

EXPERIMENT 1: EFFECTS OF TRH ON ISOLATION-INDUCED 
AGGRESSION IN MICE 

Method 

Male CF No. 1-S mice ( 1 8 - 2 2  g) were made  aggressive 
by a mod i f i ca t i on  of  the  m e t h o d  of  Yen and  co-workers  
[30] which  has been  r epo r t ed  previously  [ 1 ]. Briefly,  mice 
were isola ted for  a per iod  of  4 weeks and  then  tes ted  for  
aggression by placing an isolated mouse  in to  the  h o m e  cage 
of a n o t h e r  isolate. Pairs of  mice were observed for 3 rain,  
and presence  or absence  of  f ight ing was recorded  on  an 
al l-or-none basis. All pairs  of  mice were tes ted  for aggres- 
sion on  the  day before  drug admin i s t r a t i on  and  only  those  
which were cons i s t en t  f ighters  were used for drug studies.  
Mice were tes ted  for aggression at 30 min and 3 hr  pos td rug  
admin i s t ra t ion .  Dif ferent  groups of  mice were used for each 
dose of  drug, i.e., mice were on ly  tested once fol lowing 
drug admin i s t r a t ion .  Immed ia t e ly  fo l lowing each aggression 
test ,  the mice were checked  for neurological  i m p a i r m e n t  by  
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gently placing them on a 45 ° incl ined screen;  any mouse  
tha t  exh ib i t ed  impai red  pe r f o r m ance  was scored as be ing  
ataxic. 

All drugs were dissolved in distil led water  and were 
admin is te red  via the  in t r ape r i tonea l  (IP) rou te  in a volume 
of 10 ml/kg.  The TRH used in this s tudy  was purchased  
from Chemical  Dynamics  Corp. ,  Sou th  Plainfield,  NJ. The 
ED50,  tha t  dose which would be expec ted  to prevent  
f ighting in 50% of the  pairs, and  the  95% fiducial  l imits 
were ca lcula ted  by Prob i t  Max i m um  Like l ihood  Analysis  
[ 1 0 ] ;  accord ing  to this m e t h o d ,  pe rcen t  r esponders  were 
f i t ted against the log dose of drug in order  to  calculate  the  
ED50. 

Resul ts  and Discussion 

Table  1 summar izes  the  results  of this  expe r imen t .  TRH 
was found  to be an ex t r eme ly  p o t e n t  (ED50 = 0.04 mg/kg,  
IP) an tagon is t  of  i so la t ion- induced  aggressive behav io r  at 30 
rain pos td rug  admin is t ra t ion .  The  antiaggressive act ivi ty of  
TRH was s ignif icant ly  reduced  bu t  still p r o m i n e n t  at 3 hr  
pos td rug  admin i s t ra t ion .  TRH was found  to be a selective 
an tagonis t  of  f ight ing at b o t h  t ime per iods  since none  of  
the mice exhib i ted  any signs of neurological  or neuro-  
muscular  i m p a i r m e n t  on  the  incl ined screen at any of  the  
doses tes ted  (highest  dose tes ted  was 100 mg/kg,  IP). 

EXPERIMENT 2: EFFECTS OF TRIIODOTHYRONINE AND 
THE CONSTITUENT AMINO ACIDS OF TRH ON ISOLATION 

AGGRESSION 

M e t h o d  

Since TRH s t imula tes  the  t hy ro id  gland via the  release of  
thy ro id  s t imula t ing  h o r m o n e  (TSH), it was possible t ha t  the  
resul tant  increase in secre t ion  of  thy ro id  h o r m o n e  (e.g., 
t r i i o d o t h y r o n i n e ;  T3 ) was respons ib le  for the  antiaggressive 
effects  observed fol lowing TRH admin i s t ra t ion .  To test  this 
hypothes is ,  T3 was admin i s t e red  to isolated mice at a 
relatively h igh dose (50 /lg/kg), and the  mice were tested 
for aggressive behavior  as in E x p e r i m e n t  1. 

In addi t ion ,  ano t he r  possible exp lana t ion  for the effects  
observed fol lowing TRH admin i s t r a t i on  was tha t  the 
t r ipept ide  was be ing  ca tabol ized  and tha t  one of  the 
co ns t i t uen t  amino  acids was respons ib le  for the behavioral  
inh ib i t ion .  Thus,  each of the  three  c o n s t i t u e n t  amino  acids 
of  TRH (L-his t idine,  L-proline amide,  and L-pyroglutamic  
acid) were tes ted,  at doses higher  t han  could have been  
achieved fo l lowing ca tabol i sm of active doses of TRH,  for 
thei r  abil i ty to an tagonize  i so la t ion- induced  aggression. 

Resul ts  and Discussion 

T3 failed to an tagonize  the f ight ing of  mice induced  by 
pro longed social isolat ion (Table  2). Thus ,  it does no t  
appear  l ikely tha t  the antiaggressive effects  of  TRH were 
media ted  by  secondary  inf luences  of  TRH on the  t hy ro id  
(e.g., release of thyro id  ho rmones ) .  In a previous  s tudy,  
t r e a t m e n t  for 7 consecut ive  days wi th  ano t he r  thyro id  
h o r m o n e ,  t h y r o x i n e  (2 mg/kg,  IP), s ignif icant ly  reduced  the  
length of t ime  in isola t ion necessary to induce  aggression 
whereas t r e a t m e n t  with  an a n t i t h y r o i d  drug, th iouraci l  (25 
mg/kg, IP) s ignif icant ly e x t e n d e d  the  i nduc t i on  per iod 
[31 ].  In add i t ion ,  if mice were h y p o p h y s e c t o m i z e d  pr ior  to  
isolat ion they failed to f ight  [ 3 1 ] .  Thus,  if anyth ing ,  one  
would expec t  TRH to enhance  aggression. Therefore ,  it 
appeared tha t  TRH was an tagoniz ing  aggression via mech-  

anisms tha t  were no t  related to its in f luence  on  the  
p i tu i t a ry - thyro id  axis. 

In add i t ion ,  none  of  the c o n s t i t u e n t  amino  acids of T R t t  
s ignif icant ly inh ib i t ed  i so la t ion- induced  aggression in mice 
(Table 2). Thus,  it appeared  tha t  the  effects  observed 
fol lowing the  admin i s t r a t i on  of TRH were due to the  
act ivi ty of  the  pa ren t  c o m p o u n d .  

EXPERIMENT 3: EFFECTS OF TRH AND AMPHETAMINE ON 
SPONTANEOUS MOTOR ACTIVITY 

TRH has been repor ted  to s ignif icant ly  increase spon-  
t aneous  m o t o r  act ivi ty fol lowing b o t h  in t raven t r icu la r  
infus ion  (23 nmoles  over 15 rain) in rats [21]  and 
in t raper i tonea l  admin i s t r a t i on  (5 m g / k g ) i n  mice [3] ,  These 
repor ts  suggested tha t  TRH may possess amphe tamine - l ike  
activity.  

The present  s tudies were designed to de t e rmine  whe the r  
possible amphe tamine - l ike  proper t ies  of  TRH could have 
been responsible  for the  inh ib i t i on  of aggression observed in 
isolated mice. d - A m p h e t a m i n e  sulfate was tes ted to deter-  
mine w h e t h e r  it would  selectively an tagonize  aggressive 
behavior  in isola ted mice. In addi t ion ,  the effect  of  TRH on 
s p o n t a n e o u s  m o t o r  act ivi ty was s tudied at doses which 
were observed to s ignif icant ly  an tagonize  f ight ing in order  
to de t e rmine  whe the r  overt  m o t o r  s t imu la t ion  may have 
in ter fered  with f ight ing and p roduced  a nonselect ive  antag- 
onism of aggression. 

M e t h o d  

d - A m p h e t a m i n e  sulfate was admin i s te red  to isolated 
mice over a range of doses (1.0 5.0 mg/kg,  IP) and 
aggressive behav ior  was s tudied as in Expe r imen t  1 at 30 
rain postdrug.  

The inf luence  of TRH on spon t aneous  m o t o r  act ivi ty 
was s tud ied  at a dose app rox ima te ly  2 t imes its ED50 for  
an tagonism of  aggression (0.1 mg/kg,  IP) and at a dose 
app rox ima te ly  20 t imes higher  (1.0 mg/kg,  IP). d -Amphe t -  
amine  sulfate (1 and 3 mg/kg,  IP) was used as a positive 
control .  Spon t aneous  m o t o r  act ivi ty was measured  uti l izing 
a photoce l l  chamber  (Lehigh Valley Elect ronics i .  The 
chamber  was circular,  and the walls con ta ined  six equally 
spaced photocel l s .  Each t ime a mouse  broke  a beam of  l ight 
going to one  of the photocel l s ,  one un i t  of  m o t o r  act ivi ty 
was au tomat i ca l ly  recorded.  Male mice,  e i ther  isolated or 
group-housed  controls ,  were in jected wi th  drug int raper i -  
toneal ly  and isolated one per  cage for 30 min after  which 4 
mice were placed in the activity chambe r  and,  total  activity 
was measured  for the  nex t  15 minutes .  This p rocedure  was 
repl icated 5 t imes for each drug dose, and the mean  activi ty 
was calculated and compared  to appropr ia te  saline cont ro l s  
via a S t u d e n t ' s  t-test.  

Resul t s  and Discussion 

d - A m p h e t a m i n e  failed to an tagonize  f ight ing in any of 
the 10 pairs of isolated mice tes ted at each of three  doses 
(1, 2.5, and  5 mg/kg, IP). Thus,  an tagonism of  isolat ion-  
induced  aggression by  TRH was mos t  l ikely no t  re lated to 
amphe tamine - l ike  act ivi ty.  

The results  of the  m o t o r  act ivi ty s tudy  are summar ized  
on Table 3. TRH failed to s ignif icant ly  al ter  spon t aneous  
m o t o r  act ivi ty at any dose tested in e i ther  group-housed  
cont ro ls  or isolated aggressive mice. Since TRH failed to 
s ignif icant ly increase m o t o r  act ivi ty even at a dose at  least  
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T A B L E  1 

ANTAGONISM OF ISOLATION-INDUCED AGGRESSION IN MICE BY TRH 

Trea tment  
(Time postdrug administrat ion) N* 

ED50 (mg/kg, IP) for an tagonism 
of  isolat ion-induced fighting in 

mice (95% fiducial l imits)t  

T R H  40 0.04 
(30 min) (0.01-0.7) 

T R H 40 2.8 
(180 min) (0.6-13.2) 

*Number  of  pairs of  mice tested.  
tED50 and 95% fiducial limits were calculated by M a x i m u m  Likelihood Probit Analysis  (10). 

T A B L E  2 

EFFECTS OF TRIIODOTHYRONINE (T3) AND THE CONSTITUENT AMINO ACIDS OF TRH ON 
ISOLATION-INDUCED AGGRESSION IN MICE 

Dose  %Antagonism of isolation 
Trea tment  (mg/kg, ip) N* induced aggress iont  

saline control - -  20 5 
1-triiodothyronine 50 u g/kg 10 0 
1-histidine 2.5 10 0 
1-proline amide 2.5 10 0 
1-pyroglutamic acid 2.5 10 10 

*Number  of pairs of  mice tested.  
tMice  tested 30 min postdrug adminis t ra t ion.  

T A B L E  3 

EFFECTS OF TRH AND AMPHETAMINE ON SPONTANEOUS MOTOR ACTIVITY IN GROUP-HOUSED OR ISOLATED MICE 

Motor  Activity 
Group-Housed  Isolated 

Dose  Statistical Statistical 
Trea tment  (mg/kg, ip)* Mean _+ S E M t  Significance~ Mean  __+ S E M t  Significance:~ 

Saline - -  2041 _ 45 - -  1663 ± 15 - -  

TRH 0.1 208• _+ 28 N.S.  1630 ± 61 N.S. 
1.0 2140 ± 71 N.S.  1712 ___ 33 N.S. 

d -Amphe tamine  SO4 1.0 2359 ± 32 <0.01 1609 ± 52 N.S. 
3.0 2806 _+ 57 <0.01 1771 ± 52 <0.05 

*Five groups of 4 mice were tested at each dose.  
t M e a n  total motor  activity counts  for 15 min _+ standard error of  the mean.  
:~Comparison of drug treated to appropriate saline control group via S tudent ' s  t-test. 
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20 t imes higher  than  its ED50  for an tagon i sm of  aggression, 
its act ivi ty was p robab ly  no t  due to nonspeci f ic  amphe t -  
amine-l ike s t imu lan t  proper t ies .  

d - A m p h e t a m i n e  (1.0 mg/kg,  I P ) s i g n i f i c a n t l y  ( p < 0 . 0 1 ;  
S tuden t ' s  t - tes t )  elevated m o t o r  act ivi ty in g roup-housed  
cont ro l s  bu t  failed to s ignif icant ly  ( p > 0 . 0 5 )  alter the  
activity of isolated mice. However,  a m p h e t a m i n e  signifi- 
cant ly  increased m o t o r  act ivi ty in b o t h  group-housed  and 
isolated mice at 3 mg/kg,  IP. Thus,  isolated mice may  be 
less sensitive to  the m o t o r  s t imu lan t  proper t ies  of  amphe t -  
amine  as compared  to group-housed  mice. 

GENERAL DISCUSSION AND CONCLUSIONS 

TRH was found  to be a selective (i.e., i t  an tagon ized  
aggression at doses which  d i d n ' t  p roduce  neurological  
i m p a i r m e n t )  p o t e n t  an tagon is t  of i so la t ion- induced  aggres- 
sion in male mice. Signif icant  act ivi ty was still observed 3 
hr pos td rug  admin i s t r a t i on  a l t hough  it was a p p r o x i m a t e l y  
70 t imes less p o t e n t  than  at 30 rain pos td rug  adminis-  
t ra t ion .  

This act ivi ty of TRH appeared  to be a direct  affect  on  
the CNS ra the r  t han  re la ted to the  act ivi ty of  TRH on the 
thyro id  gland since ne i the r  T3 nor  any of  the  c o n s t i t u e n t  
amino  acids of  TRH had such act ivi ty in isolated mice. This 
conclus ion is in ag reement  wi th  the  results  of a previous 
s tudy in isolated mice in which  chron ic  t r e a t m e n t  wi th  
t hy rox ine  reduced  the  isolat ion t ime  necessary to induce  
aggression whereas th iouraci l  had  the  oppos i te  effect  [ 3 1 ] .  
Thus,  increased release of  thy ro id  h o r m o n e s  would be 
expec ted  to increase ra ther  than  decrease aggression. 

TRH has been  repor ted  to p roduce  s ignif icant  increases 
in m o t o r  act ivi ty [ 3 , 2 1 ] ;  since such act ivi ty suggests an 
amphe tamine - l ike  effect ,  a m p h e t a m i n e  was compared  to 
TRH in isolated mice. d - A m p h e t a m i n e  sulfate failed to 
an tagonize  aggression over a wide range of doses. TRH 
failed to s ignif icant ly  al ter  s p o n t a n e o u s  m o t o r  act ivi ty in 
e i ther  isola ted or group-housed  mice at doses at least  20 
t imes TRH' s  ED50 for an tagon ism of aggression. Also, 
Breese and co-workers  [3] d e m o n s t r a t e d  tha t  TRH signi- 
f icant ly  reduced  e thano l  sleeping t ime whereas  amphe t -  
amine s ignif icant ly  enhanced  it in mice. F u r t h e r m o r e ,  
e lec t rophysiological  studies ind ica ted  tha t  TRH has a 
depressant  ac t ion  on neurona l  act ivi ty in various regions of 
the CNS [9 ,20 ] .  Thus,  the  antiaggressive act ivi ty of  TRH 
was mos t  l ikely not  due to an amphe tamine - l ike  s t imu lan t  
act ion.  

The widespread occur rence  of TRH in areas of the brain  
outs ide  of the median  eminence  region of the hypo-  
tha lamus  would imply  tha t  it has a physiological  role o ther  
than  t ha t  of a releasing h o r m o n e  [4, 1 1, 14].  In addi t ion ,  
Butt  and Snyder  [5] have d e m o n s t r a t e d  high-aff ini ty  
recep tor  b inding  with TRH in rat bra in  m e m b r a n e s  f rom 
various brain  areas. 

As previously  no ted ,  TRH exhibi t s  m a n y  activities in 
bo th  animals  and man  which  appear  unre la ted  to its affects  
on the t hy ro id  gland. Many clinically effect ive anti- 
depressant  drugs (manusc r ip t  in p repara t ion) ,  as well as 
e lec t roconvuls ive  shock  t r e a t m e n t  [13]  selectively antag- 
onized i so la t ion- induced  aggression in mice.  Thus,  the 
activity of TRH in this  test  may be related to its clinical 
an t idepressan t  act ivi ty.  
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