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YELVINGTON, D. B., G. K. WEISS AND A. RATNER. Avoidance behavior and plasma prolaetin levels in lergotrile 
mesylate treated rats. PHARMACOL BIOCHEM BEHAV 24(1) 67-70, 1986.--We have previously shown that psycho- 
logical factors play a major role in control of prolactin (PRL) secretion, and that PRL increases during shock-motivated 
avoidance conditioning. In the present studies, we examined whether we could attenuate acquisition performance by 
suppressing the PRL increase during avoidance testing. Rats were tested daily in a shuttle box. They were presented with a 
light stimulation followed by an electric footshock. During each trial, the rats were given the opportunity to escape the 
footshock by moving to a safe side of the box. Movement to the appropriate location after the warning signal (light) begins, 
but before the onset of the footshock, constitutes a conditioned avoidance response (CAR). Experimental rats were fitted 
with an intreperitoneal osmotic minipump which delivered lergotrile mesylate (LM), 0.69 mg/kg/day. Blood samples were 
collected from an indwelling cannula and analyzed by radioimmunoassay. Administration of LM blocked the PRL increase 
that occurred during early avoidance testing, but did not alter the acquisition of a CAR. These data do not support the idea 
that PRL acts to facilitate acquisition of avoidance behavior. 

Prolactin Lergotrile mesylate Conditioned avoidance response Avoidance behavior 

IT is well known that stress can influence prolactin (PRL) 
secretion in both humans and lower animals [15, 16, 22, 23]. 
If one assumes that the stress response aids the organism in 
resisting the effect of the stressor, then it is reasonable to 
hypothesize that a stress-induced increase in PRL serves 
some useful function in terms of  facilitating the ability to 
cope with the stressor. 

Recent findings have shown that PRL or a prolactin-like 
material does exist in the cerebrospinal fluid and brain tissue 
[13, 20, 25]. There is also evidence that PRL can have biolog- 
ical effects on the CNS including behavioral modifications 
[8, 9, 21]. One such behavioral modification could be to 
facilitate the acquisition of a response which would aid the 
animal in avoiding the stressor. In support of  this idea, a 
recent report provided evidence that hyperprolactinemia 
could enhance acquisition of an avoidance behavior [10]. 
The idea that a pituitary hormone can affect the acquisition 
of a conditioned avoidance response (CAR) is not new. 
DeWied has shown that ACTH, beta-MSH, and lysine vas- 
opressin all can facilitate acquisition of behavior [7]. 

In a recent study, we showed that PRL levels in rats 
increased during the first two days of testing when they were 
being conditioned to avoid a painful stimulus [27]. Our hy- 
pothesis is that the increase in PRL occurring during con- 
ditioned avoidance can facilitate acquisition performance. To 
test this hypothesis, we pharmacologically inhibited the re- 

lease of PRL during avoidance conditioning by administering 
lergotrile mesylate (LM), a dopamine agonist, and exam- 
ined its effect on an adaptive behavioral response. 

METHOD 

Male Sprague-Dawley rats (400-500 g) obtained from 
Simonsen Labs (Gilroy, CA) were used in this study. Rats 
were housed in a climate-controlled area (24_+2°C) with a 
fixed light:dark cycle. Lights were on at 0500 hr and off at 
1900 hr. Rats were given food and water ad lib. 

Rats were acclimated to the  presence of the experimenter 
by being handled daily for at least 2 weeks prior to experi- 
mentation. Animals were fitted with a right atrial cannula at 
appropriate times and allowed two days to recover from 
surgery before experiments were performed. During the ex- 
periments, blood draws were made by means of a 
heparinized syringe (15 U/ml saline) which was connected to 
a polyethylene extension of the indwelling cannula. This 
allowed the rat free movement and permitted the experi- 
menter to draw blood without disturbing the animal. To 
ensure that the animals were kept close to an isovolemic 
state, fluid replacement was made with each blood draw, 
using Plasmanate T M  (Cutter Labs, Berkeley, CA). 

All experiments were performed between 1300 and 1730 
hr. Blood samples were centrifuged at 3500 rpm for 20 rain- 

~Preliminary reports of this work were presented at the meeting of the American Physiological Society, San Diego, 1982. 
~Requests for reprints should be addressed to Dr. Albert Ratner. 
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FIG. 1. Plasma prolactin PRL levels during acquisition testing in control and lergotrile mesylate (LM) 
treated rats. At time zero, rats were placed in a shuttle box and tested for acquisition performance (as 
described in the Method section). Blood draws were made 10 minutes before and 5, 10, 16, and 25 
minutes following placement of the rat in the box on day 1, day 7, and day 14 of testing. LM was 
delivered to the rats via IP-implanted osmotic minipumps secreting 0.69 mg LM/kg/day. Values indi- 
cate mean plasma PRL levels_+SEMs (N=7-12). 

utes and the plasma separated and stored at -20°C until 
assayed. Plasma PRL levels were determined in duplicate by 
radioimmunoassay utilizing a double antibody technique. 
Rat PRL antibody (rabbit) and rat PRL reference prepara- 
tions were provided by the Hormone Distribution Program 
of the National Institute of Arthritis, Diabetes and Digestive 
and Kidney Diseases. Iodine-labeled PRL was obtained from 
New England Nuclear Corporation (Boston, MA). The limit 
of sensitivity of the assay was 3 ng/ml and the interassay 
variation was ~ .  

The PRL data were analyzed using the Student- 
Newman-Keuls procedure with analysis of variance. A p 
value of less than 0.05 was considered significant. 

The Condit ioned Avoidance  Response  (CAR)  Paradigm 

The CAR paradigm is a procedure that can be used to 
quantitate the acquisition performance of an avoidance re- 
sponse. The procedure was performed as follows. On the 
first day of testing, each rat was removed from its home cage 
and placed in a wooden avoidance box (35 cm long x 25 cm 
wide >< 20 cm high) equipped with a stainless steel grid floor 
which was used to deliver a scrambled footshock. A 10 watt 
light bulb was located 10 cm above the grid floor in the center 
on each end of the box. The animal was allowed one minute 
to acclimate to the box before a light was turned on. If the rat 
moved to the opposite side of the box within five seconds of 
the presentation of the light, the light was turned off and the 
rat was not shocked. Such a response is termed a con- 
ditioned avoidance response (CAR). If, however, the rat did 
not move to the opposite side of the box within five seconds, 
the rat was subjected to a 0.3-milliamp scrambled footshock 

applied across adjacent grids. The current and light remained 
on until the rat moved to the opposite side of the box or until 
ten seconds of footshock had elapsed. After one minute (the 
intertrial interval), the light was once again turned on and the 
procedure repeated. Ten such trials were presented to the rat 
on each day of testing over a three-week period. The per- 
centage of CARs performed per day were plotted over time. 
The data obtained were indicative of the rat 's ability to learn 
and/or perform the avoidance response. 

Acquisi t ion Studies Using a Ler qotrile Mesylate (LM) 
Minipump 

Two groups of rats were used in this study. The first 
(controls) were cannulated two days prior to testing and in 
addition had osmotic minipumps (Alza, Palo Alto, CA) con- 
taining saline placed intraperitoneally (1P). Blood draws 
were made 10 minutes prior to, and 5, 10, 16, and 25 minutes 
following, the placement of the rat in the testing box on day 1. 
In a previous study we showed that after one week of testing, 
PRL levels did not change during acquisition testing [27]. 

A second group of rats were also cannu!ated two days 
prior to the first day of testing, but in addition these rats had 
osmotic minipumps containing lergotrile mesylate (LM; Eli 
Lilly, Indianapolis, IN) placed IP. These pumps delivered 
LM at a calculated dose of 0.69 mg/kg/day. Mills et al. [19] 
have shown that IP placement of LM-containing minipumps 
can block the PRL response to ether stress. Blood samples 
were again taken 10 minutes prior to, and 5, 10, 16, and 25 
minutes following, the initiation of acquisition testing in LM- 
treated rats on days 1, 7, and 14 of testing. 

Behavioral data concerning the acquisition performance 
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FIG. 2. The acquisition of avoidance behavior during the first 8 days of training. Rats were tested daily in a 
shuttle box (as described in the Method section). LM was delivered to the rats via IP-implanted osmotic 
minipumps secreting 0.69 mg LM/kg/day. Values are given as mean % conditioned avoidance responses 
(CARs) (N=7-10). 

of CARs were also obtained each day over a 3-week period 
in both control and LM-treated rats. 

The data were examined by "ANOVA"  to determine if 
statistical differences existed among the groups being tested. 
The statistical evaluations were performed on the Statistical 
Analysis System (SAS) in conjunction with the University of 
New Mexico Computer Science Center [14]. Further 
analysis was made by the Duncan's  multiple range test to 
specifically determine which groups differed from each other 
and which groups were statistically equivalent. A p value of 
less than or equal to 0.05 was considered statistically signifi- 
cant. 

R E S U L T S  

The PRL Response to Acquisition TestinL, in Control attd 
LM-Treated Rats 

Figure 1 shows the PRL response of control and LM- 
treated rats to acquisition testing. Both groups showed 
statistically equivalent basal levels. On the first day of test- 
ing, control rats showed a significant 15-fold change in PRL 
levels in response to testing. LM infusions completely sup- 
pressed the increase in PRL levels that was seen on the first 
day of acquisition testing, and these levels remained at basal 
values throughout the experiment. 

The Acquisition o f  a Conditioned Avoidance Response 
(CAR) in Control and LM-Treated Rats 

Figure 2 shows the percent of CARs performed by the 
rats during the period of acquisition testing. With increasing 
periods of testing, the control rats showed steadily increas- 
ing CARs, reaching a level of some 70% after 7 days. This 

level of performance did not change significantly for the re- 
maining two weeks of the experiment (data not shown). Rats 
receiving LM infusions did not show significantly different 
acquisition patterns. 

D I S C U S S I O N  

In the present study we were unable to provide evidence 
that PRL acts to facilitate an adaptive conditioned response 
to a fearful stress situation. The idea that the hormonal stress 
response can, in some way, help an organism overcome the 
disruptive effect of a stressor has been a crucial link between 
"stress theory" and the concept of homeostasis [25]. How- 
ever, as Mason [18] pointed out, how can the same hormonal 
response have "adaptive utility" in response to diverse 
stimuli? Mason answered this by saying that perhaps the 
only bodily response which might conceivably be appropri- 
ate, in the homeostatic sense, to diverse stimuli would be a 
behavioral response of emotional arousal preparatory to 
flight, struggle, or other strenuous exertion which might 
serve to eliminate the source of stress or remove the subject 
from the presence of the stressor. Thus, according to Mason, 
the "stress concept should not be regarded primarily as a 
physiological concept but rather as a behavioral concept." 
The present study has taken Mason's idea one step further 
and hypothesized that the PRL stress response may be able 
to aid in the removal of the subject from the presence of the 
stressor by facilitating the acquisition of an adaptive behav- 
ioral response. This hypothesis was tested by suppressing 
PRL secretion and then monitoring the animal's ability to 
acquire and perform an active avoidance response in a shut- 
tle box paradigm. 
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While P R L  levels  have previous ly  not been measured  dur- 
ing avoidance  condit ioning,  workers  have general ly shown 
that adrenal  g lucocor t icoids  rise during different types o f  
avoidance  testing [2, 11, 17]. Since avoidance  condit ioning is 
a highly stressful exper ience ,  it was not surprising that PRL 
levels  also increased during early testing. H o w e v e r ,  we have 
recent ly  found that PRL levels  did not increase after  one 
week  of  test ing [27]. The cor t icos te rone  response  has also 
been shown to decl ine after  the C A R  is acquired [2,6]. Thus,  
it would seem that if PRL and/or  A C T H  acted to enhance  
avoidance  condit ioning,  it would  be of  significance only dur- 
ing the early testing period.  In the present  study,  LM infu- 
sion comple te ly  blocked the increase of  PRL seen during 
early test  trials and maintained a low level o f  P R L  for the 
durat ion of  the test period. The rats t reated with LM showed 
no difference in the acquisi t ion per formance  o f  a C A R  when 
compared  to control  rats. There  was a possibili ty that LM 
t rea tment  might produce  changes in locomotor  act ivi ty that 
would  mask real differences in acquisi t ion.  Being aware of  
this, open-field observat ions  were per formed in both groups 
o f  rats after one week of  acquisi t ion testing. No  significant 
differences in locomotor ,  rearing or  grooming act ivi ty were  
found be tween  the two groups (unpublished observat ion) .  It 

is, therefore,  unlikely that per formance  differences,  particu- 
larly in locomot ion  could explain the results. 

Our  results are not support ive of  the hypothesis  that the 
PRL increase seen in response  to acquisi t ion testing might be 
playing a role in facilitating acquisi t ion performance.  How- 
ever ,  acquisi t ion of  an avoidance  behavior  as studied in the 
shuttle box and pole-jumping situations,  was shown by 
Drago et al. [10] to be enhanced in hyperprolact inemic rats. 
These  workers  suggested that P R L  may facilitate brain proc- 
esses  involved  in avoidance  acquisi t ion.  In support of  that 
suggestion was the finding that congenital ly PRL-def ic ient  
mice of  the Dwar f  strain have a reduced level of  passive 
avoidance  retention per formance  [3]. While the results of  the 
present  study do not support  the finding by Drago et a/. [10], 
it is worth remember ing  that PRL can alter dopamine activ- 
ity in the CNS [1, 12, 24] and the dopamine may be involved 
in act ive avoidance  behavior  [4,5]. Therefore ,  it is possible 
that PRL could act to stimulate acquisi t ion via a dopamine  
mechanism.  If this were  true, then it could help explain our  
negat ive finding. The LM, being a dopamine agonist,  could 
be acting to promote  acquisi t ion,  thus substituting func- 
tionally for the suppressed PRL.  
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