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STRATTON, I,. O., C A. GIBSON, K. G. KOLAR AND A. J. KAST1N. Neonatal treatment with TRH a l]ects 
development, h'arning, and emotionalitv in the rat. PHAI?,MA('. BIO('IIEM. BI.IIIAV. 5: SUPPL. 1 ,65-67,  1976. Rats 
that received injections of TRII l'rom l)ays 2- 7 postnatally ran faster to a palatable food reward than controls at 33 37 
days of age. Rats treated with TRH were less emotional and more active in an open field both as pups and as adults. There 
were few notable differences in developmental measures except that the teeth erupted earlier in control animals. Weights of 
glands and brain parts showed that ovaries, testes, pineal gland, and hypothalamus were heavier in treated animals. The 
results indicated that TRH given early in life may affect adult behavior by reducing emotionality. 
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THYROXINE is impor tan t  in the deve lopment  of  nervous 
tissue in young organisms [11] .  An excess of  thyroid  
ho rmone  short ly af ter  bir th accelerates the appearance  of  
several reflexes and other  deve lopmenta l  signs in the rat 
[4 ,5] .  l lowever ,  early physical matura t ion  is accompanied  
by impai rment  in learning at adolescent  and adult ages 
(lbid).  Thyro t rop in  releasing ho rmone  (TRH} activity is 
found in hypotha lan l ic  ext rac ts  of  the rat brain as early as 
18 days prenatal ly,  and by 3 days of  age it has reached 47':; 
o f  adult levels [3 l .  In addi t ion  to the hypo tha lamus ,  
substantial  amoun t s  of  "I'RIt are found in the thalamus,  
cerebrum,  and brain stem of  adult rats [%17] .  The 
appearance  of  TRt!  activity early in life and its pervasive- 
ness in brain tissue suggests a role in neuronal ,  synaptic ,  or 
metabol ic  events  which would affect  behavioral and 
deve lopmenta l  processes.  We decided that  in tervent ion at 
the earliest possible period of neonatal  life would be nlost 
likely to reveal possible behavioral and physical changes due 
to adminis t ra t ion  of exogenous  TRII.  

M E T H O D  

Animals 

Thir ty  male and female pups from 6 albino Wistar inale 

and female adult rats were used. The exper iment  was run in 
2 sessions approx imate ly  5 mo n t h s  apart,  containing 16 and 
14 rats, respectively.  Since no significant d i f ferences  were 
found be tween  groups according to sessions, the results of  
individual sessions were combined  and are repor ted  here as 
one body of data. The control  group conta ined  6 females 
and 9 males; the group which received T R I |  conta ined  5 
females and 10 males. Rat pups were d i f ferent ia ted  by ear 
marks so that  it was possible to place nearly equal numbers  
from each litter into exper imenta l  and contro l  groups.  The 
data for 2 rats, 1 from each group, were el iminated from 
the study. An aninlal f rom the control  group died at 12 
days of  age, anti a rat f rom tile TRIt  group failed to learn 
the nlaze due to expe r imen te r  error during pretrainmg.  On 
Days 2 7 each rat was injected subcutaneously  in the 
region of the hip with ei ther  10 ug of  -IRII in a saline 
vehicle or 10 ug of saline. The exper imen te r s  did not know 
which solut ion conta ined  the hormone .  

Pro  c ¢'dll re, 

The following developmenta l  data were tabulated:  
weight (Days 2 31). ear and eye opening,  teeth e rupt ion ,  
swimming with the nose out of w a t e r ( D a y s 5  7), and open 
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field act ivi ty  including head,  head and belly lifts, defeca- 
t ions,  and wall cl inging behavior .  On the 33rd day the rats 
learned an 8 choice,  8 cul de sac Warden blaze for a 
pala table  food r e in f o r cem en t .  

Open  field act ivi ty  was measured  on 4 d i f fe ren t  
occasions:  Days 5 - 7 ,  12 14, 3 8 - 3 9 ,  and 7 0 - 7 2 .  The  first 
2 tests  were pe r fo rmed  by placing pups  in a 60 cm by 30 
cm ca rdboard  arena  wi th  2,6 cm squares  on the b o t t o m .  
The third and fou r th  tests  took  place in a circular  appa ra tus  
measur ing  I10  cm in d i ame te r  wi th  radia t ing  and circular  
lines fo rming  odd shaped sect ions  a p p r o x i m a t e l y  45 sq. cm. 

On Day 26 of  life the pups  were weaned  and placed in 
cages con ta in ing  e i ther  1 or 2 o the r  pups  of the same sex. 
S tar t ing  on Day 29, they  were food deprived for 4 days  
unt i l  the i r  weight  reached  85~  of  the p redepr iva t ion  level. 
On Days 30-.-32 the  rats were fed wet  mash (sugar, milk, 
and g round  pellets)  in the goal box of  the  maze for 2 
m inu t e s  fo l lowed by s upp l em en t a l  food in the h o m e  cage. 
On l)ays 3 3 - 3 7  the rats were placed in the start  box and 
t ime  and er ror  scores recorded  unt i l  they reached the goal 
bo~. 

At 75 days of  age the 14 rats froTn the second session 
were sacrificed. Total  bra in  weight  and the weight  of  brain 
par ts  plus several endoc r ine  glands were tabu la ted .  

RESULTS 

Several of the rat ing scales yielded rank order  on  
categorical  data ;  in add i t ion ,  several rat io  scaled measures  
resul ted in skewed d is t r ibu t ions .  For  these reasons  nonpara -  
metr ic  s ta t is t ics  were appl ied to the results. The Wilcoxin 
test  for unpa i red  repl icates  [ 15] was used for o rdered  data.  
The  s ignif icance of d i f ference  be tween  p r o p o r t i o n s  was 
used to analyze  the categorical  data  [2 ] .  

Developmental measures. Weights  t aken  f rom Days 
2-. 32 and dur ing  the maze task showed  no d i f fe rences  
be tween  expe r imen t a l  and con t ro l  groups.  There  were no 
significant  d i f fe rences  in the t ime at which  the eyes and 
ears opened :  however ,  the eyes of  con t ro l  group rats  t ended  
to open  sooner .  Tee th  e rup t i on  and swimming  abi l i ty  was 
re ta rded  in rats  receiving TRH.  At 7 days of age 6%. of  
expe r imen t a l  rats and 38~;:, ~ of  con t ro l s  had tee th  ( p < 0 . 0 0 1 ) .  
At 8 days the percen tage  rose to 44'7; for an imals  receiving 
TRH and 66% for con t ro l s  ( p < 0 . 0 5 ) .  ( ' on t ro l  rats  had a 
super ior  abi l i ty  to swim with  thei r  heads  out  of water  on 
Day 7 ( p < 0 . 0 5 ) .  

Open field activit)'. The first open  field test ,  pe r fo rmed  
on Days 5 7 of life, showed  tha t  rats  receiving TRH dur ing  
that  per iod crossed more  lines than  con t ro l s  on each day 
(p<O.O1). Lift ing the head off  the  f loor of  the small arena 
was more  c o m m o n  for the group receiving TRH (p<0 .01 ) .  
On Days 12 and 13, a f te r  all in jec t ions  were comple t ed ,  the 
group tha t  received T R l l  c o n t i n u e d  to cross more lines than  
con t ro l s  ( p < 0 . 0 5 ;  b o t h  days),  and p roduced  more  head and 
belly lifts ( p < 0 . 0 1 :  b o t h  days),  in the large open  field on 
Day 38, the TRH group was more  active ( p < 0 . 0 5 ) ,  
de feca ted  less ( p < 0 . 0 5 ) ,  and showed less wall cl inging 
behav io r  than  con t ro l s  ( p < 0 . 0 5 ) .  During the second large 
open  field test  the T R H  group was more  active on Day 70 
( p < 0 . 0 0 1 )  and defeca ted  signif icant ly less on l)ays 71 
( p < 0 . 0 1 )  and 72 ( p < 0 . 0 5 ) .  Wall cl inging occur red  more  
o f t en  in con t ro l  an imals  on Day 72 (1)<0.05).  On days 
when  the d i f fe rences  were not  s ignif icant  there  were t rends  
in a similar d i rect ion.  

Maze learning. Body weights  taken on the first, third,  

and fifth day of learning co r re sponded  wi th  the earlier 
f inding that  no weight d i f fe rences  were observable.  An 
error  was recorded when  rats en te red  or reen te red  any cul 
de sac b e y o n d  three  quar te rs  of its body  length.  Time for a 
rat to run f rom start box to goal box was calculated for 
each trial. The  analysis  of error  scores revealed that  fewer 
errors  were made  by the T R t l  group.  Signif icant  d i f ferences  
be tween  groups  occur red  on  Day 3 ( p < 0 . 0 1 )  and l)ay 5 
( p < 0 . 0 5 ) ,  and a nons ign i f i can t  t rend in the same d i rec t ion  
occur red  on Day 4. Time di f ference  scores showed thai  the 
group tha t  received TRH ran the maze in shor te r  t imes than  
con t ro l s  on  all days  (p~-0.01 ). Daily d i f ferences  can be seen 
in Fig. I. 

Brain and gland weights. There  ,,,,'ere no di f ferences  in 
total  brain weight,  or weights  of occipi ta l  cor tex ,  pos ter ior  
cor tex,  s t r i a tum,  tha lamus ,  h ippocampus ,  pons-medul la ,  
cerebel lum,  or thy ro id  gland. The ovaries and testes, pineal  
gland, and  h y p o t h a l a m u s  were heavier for an imals  thai had 
received pos tna ta l  T R t t  (n = 14, p ~ 0 . 0 5  in all cases). The 
adrenal  glands of  rats in the ' IRI I  group weighed less (n = 
1 4 , p < 0 . 0 5 ) .  

I)ISCUSSION 

Rats  receiving I 'RI t  pos tna ta l ly  and tested shor t ly  af ter  
weaning ran more  rapidly and eff ic ient ly  for a food reward 
than  con t ro l  animals.  While expe r imen t a l  rats showed no 
super ior i ty  in t e rms  of  error  scores early in training,  their  
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FIG. 1. Median daily running speed in an eight cul dc sac Warden 
maze for rats that received TRIt during the nconaud period and for 

controls. 
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t ime scores were superior  beginning on the first day. Thus  
d i f ferences  be tween  groups wcre mosl discernable when 
compar ing tempora l  measures suggesting that pe r formance ,  
ra ther  than learning, was most af fec ted  by the early 
t rea tment .  In a related s tudy,  0~-melanocyte s t imulat ing 
ho rmone  IMSII! and an MSll release inhibi lory factor  
(MII:-I) had a similar beneficial  effect  upon running scores 
in a complex  maze when injected before acquisi t ion trials 
[131. Increased mot ivat ion or a t t en t ion ,  and decreased 
anxiety  have been considered as pe r fo rmance  variables that 
could explain the beneficial  results of  MSIt and fract ions of  
A C r l t  [ ~'~ ] .  

Animals receiving TRt/  were more  active during all 
phases of open field testing,  at the same time they were also 
less emot iona l  in terms of  number  of defeca t ions  and wall 
clinging behavior. It is plausible 1o assume that the greater 
activity of exper imenta l  rats in novel and open areas 
ref lected reduced fear of  testing si tuations.  In the maze task 
reduced emot iona l i ty  might discourage retracing of alleys 
and cause less freezing and displacement  activity in the 
alleys, thus improving lime scores. The results indicate that 
early t r ea tmen t  with TRI'I provides some pro tec t ion  against 
ncgative emot iona l  react ions to novel env i ronment s  both  
before and after  rats reach matur i ty .  The finding that 
exper imenta l  animals had smaller adrenals  is consis tant  with 
the idea that lhey exper ienced  less stress during the l ime 
period prior to 75 days of  age when they were sacrificed. 

l lormcmes such as MSII anti the fragment  .MSti/ 
ACII-I 4-10 which are c o m m o n l y  associated with stress or 
adapta t ion  seemed to have paradoxical  fear reducing 
characterist ics  in the fol lowing studies. When placed into 
tonic immobi l i ty  (death  feign), lizards injected with MSIt 
or b tS l l /A( 'T l t  4-10 recovered sooner  than those receiving 
cor t icos tero ids  or saline [ 14]. Rats receiving r,,lSlt appeared 
less fearful of a light previously associated with foot-shock.  
This so called cond i t ioned-emot iona l  response ',','as a t t e n u -  

ated in exper imenta l  animals in as much as they cont inued 
to press a lever for food while the fear-related light was on 
(unpubl ished data). I R l l ,  MSH, and MSH/A( 'TI t  4-10 all 
seem to reduce measures of  emot iona l i ty  ahhough  MIF-I 
had no effect  in one s tudy [131. l h c  data from studies 
with human subjects  17,121 provided evidence of  a 
reduct ion in state anxiety  following injectic, ns ol  
MSII/A( 'TH 4-10. 

In the present  s tudy the effects  of TRII appeared 
dissimilar to those found in neonatal  studies with 
thyroxine .  Recent ly ,  Bakke, Lawrence,  Bennet t  and 
Robinson 11] found that neonatal  t rea tment  with 
thyroxine  reduced the concen t ra t ion  of  serunt TRtl  
reaching the pi tui tary,  l h e y  suggested that abnormal | t i c s  
found in adu l thood  might result f rom impaired secret ion of  
TRH. Retarda t ion  of  teeth erupt ion  and poorer  swimming 
scores occurred on the sixth and the last day of  TRIt  
injection:  activity scores were enhanced  during the same 
period. This could be due to the fact that deve lopment  of  
peripheral  s t ructures  such as teeth and reflexes, influenced 
by thryoxine ,  may he funct ional ly separable from direct 
effects  of TRt l  on the brain. Separat ion of  central and 
peripheral  effects  of  TRt t  has been demons t ra t ed  by 
Plotnikoff ,  Prange, Breese and Anderson  1101 who showed 
that TRIi  po ten t i a t ed  I)OPA equally well in thyroidec-  
tomized or h y p o p h y s e c t o m i z e d  rats and controls .  In 
ano the r  s tudy TRH po ten t i a ted  the effects  of  tile anti- 
depressant  drug, imipramine 101 . The present s tudy using 
rats indicated 1t1:.11 early t rea tment  with TRII reduced 
emot iona l i ty  and facilitated learning of  a complex  maze. 
One s tudy repor ted  that normal htlnlan females treated 
with r R t t  exper ienced reduced tension and increz, sed 
mental clarity [16] .  ( ' onf i rmat ion  of  the apparent  similar- 
ity of findings in rats and Imman beings together  with 
related effects  on brain psychological  processes would be 
encouraging. 
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