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TAMAKi, Y. AND Y. KAMEYAMA. lzffects of TRH on acquisition and extinction of shuttlebox-avoidance behavior in 
Fischer:~44 rats. PHARMAC. BIOCHEM. BEHAV. 16(6) 943-947, 1982.--Thyrotropin-releasing hormone (TRH) was 
injected intraperitoneally into male Fischer.~44 rats in doses ranging between I mg/kg and 20 mg/kg to assess the effects on 
the acquisition and extinction of shuttlebox-avoidance behavior. Administration of 20 mg/kg TRH resulted in a rapid 
acquisition of avoidance behavior in early training trials. This enhancement did not involve changes in the occurrence of 
anticipatory responses to an inevitable shock but was correlated with an increase of concurrent intertrial-responses. Thus, 
the behavioral changes observed would be a reflection of TRH-induced changes on motor activity. TRH treatment did not 
alter the resistance to extinction of the avoidance response. This finding is corroborated by the fact that rats given the TRH 
treatment withheld the well-learned response to a warning signal, when this response was selectively punished after initial 
acquisition stage. 
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IN recent years, considerable interest has developed in 
neurobehavioral effects of the thyrotropin-releasing hor- 
mone (TRH). It is now clear that TRH has direct effects on 
the central nervous system unrelated to the control of 
endocrine functions of the adeno-hypophysis. For example, 
TRH potentiates behavioral changes following administra- 
tion of pargyline and L-Dopa [18,19] and hyperactivity fol- 
lowing tranylcypromine and L-tryptophan injections [8]. 
TRH also increases motor activity [!, 2, 14-16, 221 and an- 
tagonizes the locomotor depressive effect of pentobarbital 
and other centrally acting drugs [3] as well as that of 
a-methyltyrosine [12]. Moreover, TRH improves 
shuttlebox-avoidance behavior in rats when administered 
intracerebrally [171, and reverses the deleterious effect of 
a-methyltyrosine on lever-pressing avoidance response [12]. 
This functional effect of TRH on active avoidance behavior 
through the stimulation of central catecholaminergic mech- 
anism is noteworthy, because TRH treatment can augment 
the release and turnover of catecholamines [5, 9, I0]. 

The present experiment provides further details on TRH 
treatment effects on shuttlebox-avoidance behavior in Fis- 
cher,~4 rats. It is apparent that when rats were permitted to 
escape a shock the escape response tended to occur before 
the onset of shock. Other reports indicate that when the level 

of anticipatory responding is high avoidance acquisition is 
rapid 14, 13, 23]. On the basis of these findings, it is 
suggested that anticipatory responding in the avoidance 
situation plays a major role in determining avoidance re- 
sponse rate. Thus, if the effect of TRH on avoidance acqui- 
sition might be evaluated, this should be done within the 
context of the D'Amato procedure which involves the pre- 
sentation of a shock at the end of the warning signal (WS)- 
shock interval on every trial, regardless of whether an 
avoidance occurs [6]. This procedure permits an assessment 
of a specific component of anticipatory responding which 
occurs during the WS-shock interval in the absence of a 
shock-avoidance contingency. 

Because ACTH and similar peptides led to a delay in the 
extinction of pole-jumping avoidance behavior [7,24], a tra- 
ditional extinction procedure permits evaluation of this TRH 
effect. As an alternative to such a paradigm, the shock is 
made contingent upon occurrence of an avoidance response 
[13[. Avoidance behavior in this procedure is selectively 
punished so that a WS predicts shock only when an 
avoidance occurred. Thus, failure to avoid (i.e., passive 
avoidance) results in no shock being delivered on that trial. 
Because initial active avoidance training will disrupt subse- 
quent passive avoidance performance, it may be possible to 
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FIG. 1. An example of patterns of warning signal (WS) and shock 
both in avoidance and escape trials in 5 conditions during the 2nd 
half of the session. A top line refers to the onset and the offset of the 
WS, a middle line the shock location, and a bottom line the occur- 
fence of the response. 

de termine  the source for any modificat ion o f  the ability to 
withhold a well- learned avoidance  response  by T R H  treat- 
ment.  

METHOD 

Animals 

A total of  160 male Fischera4~ rats obtained from Charles  
River,  Japan (CRJ COBS:  F344/Du Crj, Kanagawa)  were 
used. They were  maintained in group cages with free access  
to food and water  in a tempera ture  control led (21-23°C) 
room. The animals ranged in age from 71 to 88 days when 
tested,  and were  randomly assigned to exper imental  treat- 
ments.  

Apparatus 

Two identical B R S / L V E  Model RSC-044 shut t leboxes 
were  used. The shut t lebox,  which measured  21.6×48.7×27.3  
cm high, was part i t ioned into 2 compar tments  by an 6.3- 
cm-high aluminum barrier  with Plexiglas side walls and tops, 
and aluminum ends.  The floor consis ted of  2-mm stainless 
steel rods spaced I 1 mm center  to center .  This grid floor was 
arranged to tilt at about  the mid-point.  When a rat entered a 
compar tment  the f o o r  tilted act ivating a microswitch located 
just  outside the box. Each shut t lebox was lighted by 24-V 
bulbs on each of  its end walls, and enclosed in a venti lated,  
sound-at tenuat ing chamber .  Mounted on the rear wall of  this 
chamber  was a speaker  which permit ted the presentat ion o f  a 
cont inuous  background white-noise at 75 dB SPL. A WS was 
a 1000-Hz pure tone at 85 dB SPL del ivered through the 
same speaker  by a Bio-Medica,  Osaka,  Model  BNA-88 
audio/noise generator .  The avers ive  st imulus was nominal 
3-mA scrambled electric shock produced  by a B R S / L V E  
Model SGS-003 shock genera tor  del ivered to whichever  grid 
floor of  the compar tment  a rat occupied.  

All st imulus presentat ions  and measurements  of  response 
were control led by an on-line mic rocompute r  system (Bio- 
Medica,  Osaka,  Model  BICOM-8) located in an adjacent  
room. 
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FIG. 2. The number of avoidance responses as a function of training 
trials in the 1st half of the session for 4 groups of 32 rats given 
standard acquisition procedure. 
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Twenty minutes before the start of the experiments, 4 
groups of 40 rats were given intraperitoneal injections of phys- 
iological saline, I mg/kg, I0 mg/kg, and 20 mg/kg doses of TRH 
dissolved in physiological  saline, respect ively .  Each injec- 
tion volume was approximate ly  0.5 ml/rat. 

After  a 10-min habituation period in the shut t lebox,  each 
rat was tested in a single training session of  200 trials with the 
fixed intertrial-interval of  30 sec. A tonal WS came on 10 sec 
before the shock onset  and lasted just  10 sec unless an 
avoidance  response occurred.  Thus,  WS and shock never  
over lapped,  l f a  shock was administered after the WS-shock  
interval had elapsed,  it could be promptly terminated by the 
response which would have avoided it. An avoidance  re- 
sponse terminated the WS, regardless of  o ther  programmed 
consequences .  

Four  inject ion-dose groups were trained with the follow- 
ing 5 sets of  conditions.  The design was a 4 (doses) × 5 
(conditions) factorial with 8 rats per  cell. In these animals,  4 
condit ions were alike in acquisi t ion within 100 trials but 
treated differentially for the next  100 trials (Fig. II. In acqui- 
sition the standard procedure  was used to establish 
avoidance  behavior:  shock was withheld wheneve r  an 
avoidance  response occurred in a given trial. In the 2nd half 
of  the session,  one group invariably cont inued standard ac- 
quisi t ion trials prevailing for the 1st half of  the session. This 
condi t ion provided a ceiling control  for the assessment  of  
o ther  groups '  avoidance behavior .  A 2nd group had the ab- 
sence of  shock-avoidance  cont ingency removed  by consis-  
tent presenta t ion of  a shock at 10 sec after WS onset ,  irre- 
spect ive of  the occur rence  of  an avoidance  (better  termed an 
ant icipatory response to an inevitable shock), This was the 
punish-al l-responses condit ion,  in which an avoidance  re- 
sponse was not effect ive in avoiding shock.  A 3rd group 
trained under  the traditional removal-of-al l -shocks,  i .e.,  ex- 
t inction, condit ion.  A 4th group had the absence of  shock- 
avoidance  cont ingency by making a shock contingent  upon 
an avoidance  response.  Thus,  the shock came on 10 sec after 
WS onset  only in the trial where a rat performed an 
avoidance ;  hence this provided the differential-punishment 
ext inct ion condition.  A 5th group was tested for 200 trials to 
establish the baseline response rates in the absence of  
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FIG. 3. The number o f  avoidance responses as a function o f  training 
trials in the 2nd half o f  the session for 4 groups o f  8 rats treated with 
different conditions as follows: A, the standard acquisition condi- 
tion; B, the punish-all-responses condition: C, the traditional extinc- 
tion condition; and D, the differential-punishment extinction condi- 
tion. 

shock-avoidance contingency by the presentation of a shock 
in every trial. That is, the condition which was abbreviated 
as the baseline control was run under the same in the 
punish-all-responses condition except over all trials. 

The response latency from WS onset or shock onset, and 
the number of concurrent inter'trial-responses for each trial 
were measured. 

R E S U L T S  

Avoidance Response 

There were no significant differences among 4 injection- 
dose groups of 40 rats in the number of trials required to 
achieve the 1st avoidance response. (To comply with the 
assumption of the homogeneity of variance, we performed 
an analysis of variance on square root (X + 0.5) transforma- 
tion of these scores I 11 ].) 

Figure 2 presents the number of avoidance responses for 
100 trials in 4 injection-dose groups of 32 rats with a standard 
acquisition condition, excluding the baseline controls. A 
mixed analysis of variance of acquisition scores was per- 
formed for 4 doses with 4 conditions varied in the 2nd 100 
trials and 5 trial-blocks treated as a repeated measure. The 
main effect of blocks was significant, F(4,448)=337.86, 
p <0.001. The interaction of doses × blocks was also signifi- 
cant, F(12,448) =5.30, p <0.001. This reflected a difference in 
the development of avoidance responses among 4 groups 
given different doses. When a pooled error term was used for 
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FIG. 4. The number of avoidance responses as a function of training 
trials for 4 groups of 8 rats given the base-line control condition. 

comparison of individual block means, group differences 
were significant at Block 1 and 4, p<0.001 and p<0.005, 
respectively. Subsequent Scheffe tests indicated that the 20 
mg/kg group avoidance was superior to that of other groups 
at Block 1, but inferior to that in groups with saline and 1 
mg/kg at Block 4. Although TRH treatment failed to alter 
avoidance responses significantly at any dose in Block 5, 
p<0.10, the 20 mg/kg group also showed slightly lower 
avoidance than other groups. The avoidance response of the 
20 mg/kg group was acquired more rapidly than with other 
groups, but declined to a lower level of occurrence as train- 
ing progressed. None of other main effects or interactions 
were significant, all Fs<l .00  

A mixed 4 (doses) × 5 (blocks) analysis of variance was 
performed on avoidance behavior in the 2nd 100 trials for 
each of 4 different conditions, also excluding the baseline 
controls. For continued standard acquisition (Fig. 3A), 
analysis showed only the significant effect of groups, 
F(3,28)=3.92, p<0.05. Thus. the 20 mg/kg group had lower 
avoidance behavior than the 10 mg/kg group, indicating that 
the 20 mg/kg group could not avoid very well during the 
maintenance stage. Nevertheless, it proved partially reliable 
because its avoidance performance was slightly but not sig- 
nificantly inferior to that of saline group. For the punish-all- 
responses condition (Fig. 3B), in which the shock-avoidance 
contingency was not in effect, no significant differences were 
observed among 4 groups in the occurrence of avoidance 
responses, F(3,28)= 1.97. Only the effect of blocks was sig- 
nificant, F(4,112)=14.30, p<0.001, indicating that block 
means differed except among Blocks 2, 3, and 4. 

The 20 mg/kg group which underwent a traditional ex- 
tinction procedure appeared likely to extinguish the 
avoidance response more rapidly than other groups (Fig. 
3C). However, the effect of groups could not approach a 
conventional level of the significance, F(3,28)=2.64,p<0.10, 
due to the relatively higher within-cell variance. The signifi- 
cant effect for blocks, F(4,112)=61.61, p<0.001, but not for 
the interaction, F<I .00,  reflected the general decline in 
avoidance behavior across blocks. This result appears to be 
consistent with numerous earlier findings as to the extinction 
process. As shown in Fig. 3D, in general, rats which re- 
ceived the differential-punishment extinction procedure 
made few avoidance responses prior to the 1st failure to 
respond (plus, of course, a number of unpunished 
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avoidances just before this condition began), and then ac- 
quired rapidly other behavior, i.e., typically freezing, rather 
than crossing, as an new alternative avoidance response. 
Stated another way, once immobility began to occur in the 
presence of the WS. it resulted in virtual absence of 
avoidance responses because rats would not get a shock if 
not responding to the WS. These behavioral aspects were 
noticeable in all groups, so the effect of groups was not sig- 
nificant, F <  1.00. 

For the baseline control condition (Fig. 4), group differ- 
ences were not significant in avoidance behavior, 
F(3,28)=1.04. Only the effect of blocks was significant, 
F(9,252)=16.21, p<0.001, indicating the reverse U-shaped 
occurrence of avoidance. 

lntertriaI-Response 

The number of concurrent intertrial-responses was 
analyzed to assess the effect of TRH treatment on avoidance 
behavior. Looking at the intertrial-responses within 100 
trials under the standard acquisition condition, an analysis of 
variance which was an identical type of avoidance behavior 
showed the significant effect of blocks, F(4,448)=63.06, 
p<0.001, as well as the interaction of groups × blocks, 
F(12,448)= 1.99, p<0.05. By a follow-up analysis of this sig- 
nificant interaction, group differences were reliable only in 
Block I, p<0.005, indicating that the 20 mg/kg group had 
intertrial-responses higher than other groups. 

DISCUSSION 

The present findings show that intraperitoneal adminis- 
tration of 20 mg/kg TRH lead to a rapid acquisition of 
shuttlebox-avoidance behavior, but has no effect on the 
anticipatory responses to an inevitable shock under the 
baseline control condition. An enhancement of avoidance 
acquisition does not involve the possible effect of TRH on 
the information value of the WS, related to the motivational 
factor, presumably because early avoidance responses are 
generated by the essential factor as a reaction to shock [6]. 
However, it entirely coincides with a significant increase of 
concurrent intertrial-responses. The effectiveness of TRH 
appears to modify avoidance by increasing the propensity for 
response initiation, It is thus presumed that facilitatory ac- 
quisition of avoidance is a consequence of transient 
hyperactivity. This interpretation is corroborated by our 
present observation in a free-operant avoidance schedule 
that TRH in dose of 20 mg/kg increased the rate of burst 
responding despite little contribution to the time in which 

rats were free of shocks (unpublished data). 
The available evidence to the catecholaminergic mech- 

anism indicated that TRH either causes a release of dopa- 
mine indirectly or somehow modulates the dopamine recep- 
tor site. A rapid avoidance acquisition accompanied by an 
increase of intertrial-responses appears to be due to the do- 
paminergic stimulant action of TRH, because hyperactivity 
induced by TRH is probably mediated by the anatomical 
dopamine pathway [15]. It is noteworthy, however, that the 
concentration of TRH necessary to produce this effect is 
considerably high (20 mg/kg), because only a small amount 
of administered TRH is likely to reach the brain compared to 
the amount that penetrate into the pituitary [211. Accord- 
ingly, TRH in doses less than 10 mg/kg did not affect 
avoidance acquisition. These results corroborate our pre- 
liminary findings with TRH doses of 2 mg/kg and 5 mg/kg, 
and previous findings in lever-pressing [12] and in shuttlebox 
conditioning 117,201. 

Under the differential-punishment extinction condition 
where an avoidance response was punished after the initial 
acquisition stage, TRH treatment lead to the quick develop- 
ment of avoidance suppression. Accordingly, no substantial 
changes in resistance to extinction of avoidance behavior are 
observed at any TRH dose during traditional extinction. 
These findings do not confirm the suggestion that TRH 
would delay extinction of the avoidance response possibly as 
a function of its structural relationship with ACTH analogues 
125]. 

It should be noted that rats had an appreciable level of 
anticipatory responses for long periods of time despite the 
absence of any apparent reinforcement (Figs. 3B and 4). One 
must not, of course, ignore the problem that the anticipatory 
response to an inevitable shock suffers some degree of 
punishment. For example, anticipatory responses made late 
in the WS-shock interval quickly resulted in a shock which 
may have served as a response-contingent punishment. 
However, this is not the important factor because avoidance 
responses vanished if the responses were selectively fol- 
lowed by a shock as in the differential-punishment extinction 
condition. 
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