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McGIVERN, R. F., G. ROSE, C. BERKA, A. N. CLANCY, C. A. SANDMAN AND B. E. BECKWITH. Neonatal 
exposure to a high level of ACTH4_Io impairs adult learning performance. PHARMACOL BIOCHEM BEHAV 27(1) 
133-142, 1987.---Male offspring of Sprague-Dawley dams were injected with 25/zg of ACTH4_,~ or the vehicle on days 2 
through 7 postpartum. Peptide treated animals exhibited a marked motor response to the peptide injection. Adrenal weights 
of these animals were consistently heavier than littermate controls in both the developing and adult animals. ACTH4-1o 
treated neonates exhibited significantly poorer learning performance in the shuttle box and were slower to acquire the 
reversal learning problem of a visual discrimination task under light shock levels. In addition, these animals also exhibited 
an exaggerated startle response and a stronger thigmotaxis response in the open field than controls. These results indicate 
that exposing the developing nervous system to relatively high levels of ACTH4_~0 can produce marked long-term effects on 
behavior. 

Neonatal exposure ACTH4_~0 Learning performance Long-term effects 

A large amount of  evidence in recent years has demonstrated 
that adrenocorticotropin (ACTH) and related fragments can 
directly effect the nervous system [5,13]. In several studies, 
the peptide fragment ACTH4-10 has been shown to produce 
effects on learning which parallel those observed with 
ACTH. Both substances can restore the impaired learning 
15erformance of hypophysectomized animals [7] as well as 
delay extinction in normal animals [12,23]. Retention of  a 
passive avoidance response can also be improved by treat- 
ment with ACTH or the ACTH4-10 fragment [14,17]. 

Two developmental  studies which have examined the in- 
fluence of  ACTH4_~0 or a closely related analog, Org 2766, 
on learning, have reported long-term effects from postnatal 
peptide treatment which are similar to effects observed after 
acute peptide injection in the adult animal [11,24]. 
Champney et al. [11] injected 10/zg of Org 2766 intracere- 
broventricularly (ICV) into one day old rat pups. When 
tested as adults, the peptide treated animals, compared to 
controls, exhibited enhanced reversal learning of  a visual 
discrimination problem similar to naive adult animals in- 
jected with ACTHa_~o [3]. Nyakis et al. [24] injected rat pups 
daily from days 2-8 postnatally with either 2 nm or 10 nm 
ACTH4-10. Neonatally treated animals, treated as adults, 

exhibited delayed extinction of  a conditioned avoidance re- 
sponse (CAR) and better  retention of  a passive avoidance 
response. The results from developmental studies with 
ACTH fragments have been interpreted to suggest that 
postnatal treatment with these fragments may influence early 
organization of  CNS substrates associated with learning 
[4,51. 

The consistent data demonstrating positive effects of 
ACTH fragments on attentional and/or motivational proc- 
esses has lead to a number of  clinical studies in human popu- 
lations with suspected deficiencies in these processes.  Most 
clinical studies in human populations have used A C T H H o  or 
Org 2766. Treatment with these fragments has been exam- 
ined in a variety of populations including the following: el- 
derly persons with senile dementia [9,15], retarded adults, 
normal adult volunteers [28], and hyperactive,  learning dis- 
abled children ([10,27]; cf. [26]). Results from human studies 
have been mixed [5,25], but two recent reviews have noted 
that the strongest effects of  the peptide treatment in humans 
appears to be on improvement of  mood [6,25]. Moreover,  
both reviews point out that positive effects of  peptide treat- 
ment appears to be most pronounced when subchronic dose 
regimens are employed.  
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In the animal literature, the effects of  both ACTH4-10 and 
ACTH have frequently been reported to be biphasic or ex- 
hibit a U-shaped function depending upon the dose em- 
ployed. Lichtensteiger and Monnet [20] reported a U-shaped 
dose response function for ACTH4-~0 in affecting activity of 
nigral dopamine neurons. Schotman and Allaart [31] found 
that low doses of  ACTH4_~0 stimulated protein synthesis 
whereas high doses inhibited synthesis. Behaviorally, 
ACTH4_I0 treatment enhances intracraniai self-stimulation in 
the rat at low doses, but inhibits it at high doses [19]. Simi- 
larly, low doses of ACTH enhance retention of a passive 
avoidance response, but impair retention at high doses [17, 
18, 30]. 

In light of these reported biphasic effects of  ACTH4_~0 in 
animals, as well as the experimental use of this peptide as a 
treatment for children with attentional deficits [10,27], we 
examined the long-term effects of  exposure to relatively high 
levels of  A C T H H 0  during the neonatal period. We hypoth- 
esized that a high dose of ACTH4-10, administered from days 
2-7 postnatally, would impair adult learning performance. 
Additionally, we examined a spectrum of  physiological and 
behavioral parameters not directly related to learning, but 
which might be influenced by neonatal ACTH4-10 treatment 
based upon reported effects after acute injection in the adult 
animal. Included among these effects are influences on sex- 
ual behavior [8], pain sensitivity [42], pituitary-adrenal re- 
sponsiveness [43], and the ability of ACTH4_~0 to weakly 
bind to opiate receptors [16]. 

METHOD 

Animals and Injection Procedure 

Male offspring from Sprague-Dawley dams (Harlan, In- 
dianapolis, IN or Simonsen, Gilroy, CA) were used through- 
out these experiments.  Dams were either impregnated in the 
laboratory vivarium or ordered from the supplier to arrive on 
the 14th day of gestation. The animals were maintained on ad 
lib Purina lab chow and tap water. On day 2 following par- 
turition in the laboratory vivarium, litters larger than 8 were 
trimmed to 8 animals, primarily at the expense of female 
offspring. Litters smaller than 5 animals were not used, but 
female pups were raised with the smaller litters when neces- 
sary to meet the minimal size criterion. Male offspring were 
randomly divided within each litter to receive SC injections 
of A C T H H 0  (25 /~g in 50/~l) or an equal volume of  the 
vehicle (0.9% saline adjusted to pH 5.9 with 0.1 M acetic 
acid). One injection per day was administered on days 2 to 7 
following parturition. Animals were marked with colored 
dyes on the rear flanks and hind limbs to distinguish treat- 
ment group. Each animal was removed from the nest for 
injection or marking and then immediately returned. Animals 
were marked every other day from day 8 to 21, when they 
were subsequently weaned. At weaning, animals were group 
housed by treatment (3-5/cage). Animals were maintained on 
ad lib Purina lab chow and tap water for the remainder of the 
experiment.  Vivarium lighting conditions were 12 hours 
on/off beginning at 0600. All testing was done between 1100 
and 1800 hours except testing of sexual activity which was 
conducted between 1900 and 2100 hours. Except  where 
noted, all animals were experimentally naive. 

Activity and Eye Opening 

Forty-two animals (23 ACTH treated and 19 controls 
from Harlan dams) were checked daily to establish the 

postnatal day when both eyes were open. Seventeen 
ACTH4_10 treated animals and 16 controls were also meas- 
ured for activity every third day from day 9 to day 30 
postnatally. Activity measures were determined using four 
radio-frequency activity counters (Quartec) for 10 min- 
utes/animal/test. Each animal was removed from the litter at 
the time of testing, following which it was placed on a heat- 
ing pad until all littermates were tested. Subsequently, the 
litter was returned to the mother or to the home cage (after 
day 21). Animals used to observe developmental activity pat- 
terns were later used to study Thompson Box performance 
or two-way shuttle box performance. 

Acoustic Startle 

Ten experimental and 10 control animals from Harlan 
dams were tested at 90 days of  age for an acoustic startle 
response in an 18 × 10 z 12 cm startle chamber designed to 
prevent lateral movement.  Each animal was exposed to 30, 
100 dB, 50 msec rapid rise time, 2500 Hz tones. Tones were 
automatically presented, via solid state programming equip- 
ment, in a fixed pseudo-random sequence with interatrial 
intervals varying between 30 and 70 sec. Each animal 's  jump 
response was recorded on a polygraph (Grass, Model 7) 
through a DC preamplifier and driver amplifier. The re- 
sponse was reflected in mm of  pen deflection generated by 
displacement of a speaker coil attached to the base of the 
startle chamber. Subsequent scoring was done by an indi- 
vidual unaware of  the treatment condition of each animal. 

Open Field 

Open field measurements were observed in nine treated 
and seven control animals from Harlan dams at 110 days of 
age according to procedures of Veith et al. [39]. Briefly, 
each animal was placed in the center of  an open field and the 
following observations recorded for the subsequent 5 min- 
utes: (1) time for the animal to leave center and touch wall of 
apparatus with body or vibrissae; (2) number of grids 
crossed; (3) number of rears; (4) number of  episodes of 
grooming activity; (5) number of boli excreted. At the end of 
the five minutes, the animal was immediately replaced in the 
center of  the open field and the same observations were 
repeated for an additional five minutes. Observations were 
made by a trained experimenter blind to animal 's  treatment 
condition. The apparatus was cleaned with an alco- 
hol/vinegar solution after each animal was tested. These 
animals were subsequently tested 10 days later for an anal- 
gesic response to morphine using the tail flick test. 

Thermal Pain Sensitivity and Morphine 

At 120 days of age, nine experimental and seven control 
animals were tested for basal thermal pain sensitivity using 
the tail flick test. Procedures of this test are outlined 
elsewhere [22]. Briefly, each animal was given six trials at a 
Constant heat intensity, and the latency to withdraw the tail 
was recorded for the last five trials. The first trial was treated 
as an habitation trial, and the latency was not recorded. Fol- 
lowing the last trial, each animal was injected with an anal- 
gesic dose of  morphine (7.5 mg/kg IP) and tested again 15 
minutes later with three additional trials at the same heat 
intensity, to measure an analgesic response. A 10 sec ceiling 
was imposed on the tail exposure to the heat source to pre- 
vent tissue damage. Trials were spaced approximately four 
minutes apart. 
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Four additional naive experimental and four control 
animals from Harlan dams were tested at 120 days of age on 
the hotplate test. Temperature of the hotplate (Columbus 
Instruments, Columbus, OH) was maintained at 50°C 
(+0.5°C). Trials were spaced three minutes apart. Each 
animal was given one habituation trial, followed by three test 
trials to establish baseline pain sensitivity. Latency to paw, 
lick, or hind limb withdrawal was recorded. Subsequently, 
each animal was injected with morphine (7.5 mg/kg IP) and 
retested 20 minutes later. A 60 sec ceiling was imposed for 
exposure to the heat source. 

Activity Avoidance Acquisition 

Acquisition of a conditioned active avoidance response 
(CAR) was studied in a shuttle box (Lafayette Instruments, 
Lafayette, IN). Six experimental and six control animals 
were studied at approximately 90 days of age. The apparatus 
was arbitrarily divided into two compartments by an imagi- 
nary center line. The task demanded that the animal shuttle 
to the opposite side of the box from which it was situated 
within 10 sec after onset of a tone which served as the con- 
ditioned stimulus (CS). Unconditioned stimulus (UCS) was a 
0.5 mA continuous scrambled foot shock which was initiated 
10 sec after tone onset if the animal did not make an 
avoidance response. Both CS and UCS terminated when the 
animal crossed the center line into the safe compartment. 
The interatrial interval was 60 sec. Onset of tone and shock 
were initiated by mechanical programming equipment 
housed in a separate room. Termination of CS and UCS was 
initiated by an experimenter, blind to the animal's treatment 
condition, monitoring the animal's behavior via a video 
monitor in an adjacent room. Each animal was given I00 
trials in a single test session. In addition to the number of 
CARs, the number of spontaneous interatrial crossings was 
also recorded. The apparatus was cleaned with an alco- 
hol/vinegar solution after each animal was tested. 

Radial Arm Maze 

Nine ACTH treated and 7 controls from Simonsen dams 
were tested in the radial arm maze beginning at 90 days of 
age. The eight arm radial maze used in this study was as 
described by Olton, Walker and Gage [25] except that round 
holes 2.5 cm in diameter and 1.8 cm deep were drilled from 
the end of each arm to serve as food wells. The entire struc- 
ture was painted a flat gray. The maze was located in a small 
room of dimensions 2x2x2.5  m, the walls and ceiling of 
which were constructed of an open-mesh (approximately 1 
cm grid) wire screening. Entry into this room was through a 
floor-to-ceiling sliding panel, 1 meter wide; this panel was 
kept closed while the rats performed in the maze. The appa- 
ratus was elevated approximately 75 cm off the floor. In the 
middle of each wall, at a height of 1 meter, the following 
sensory stimuli were placed (clockwise starting with the wall 
containing the sliding panel): a 22 by 30 cm white card with a 
bold black design on it, a plain white 22 by 20 cm card, a 
noisy fan, and a bright fluorescent light 45 cm in length. 
Room lighting was provided by fluorescent ceiling fixtures. 

Rats were food deprived for two days. On the third day, 
each animal was placed on the center platform of the maze, 
throughout which several 190 mg food pellets had been scat- 
tered, and was given 10 minutes to explore the maze and 
consume the pellets. The rats were then removed from the 
apparatus and given additional food to maintain their body 
weight at about 85% of the ad lib value. Throughout the 

experiment, supplemental feedings were always given just  
after sessions in the maze. 

After three days' exposure to the maze, testing was be- 
gun. The animals were given one trial each day, according to 
the procedure described by OIton et al. [25]. A rat 's arm 
choices were recorded until all arms had been visited once. 
The order of the animal's testing was varied from day to day. 
Preceding each trial, the floor maze was cleaned with an 
alcohol/vinegar solution. The animals were tested for l0 
days. After this, for an additional five days, the rats were 
given daily trials in the maze as before, except that the ends 
of the arms were not baited with food. Again, each choice 
was recorded until all arms were visited once. Latency to 
visit the first eight arms was always recorded. 

Errors were calculated based upon the number of rep- 
etitious arm visits made by each animal within the first 8 
choices. During the first few days of testing, some animals 
would occasionally visit an arm but not consume the rein- 
forcement. If the animal subsequently returned to that arm 
and ingested the reinforcement, the second visit was not 
considered a choice and an additional choice was added to 
the initial eight choices. An error was scored, however, if the 
animal returned to an arm which it had previously visited and 
consumed the reinforcement or if the animal returned to a 
previously visited arm which still contained the food pellet 
and the  animal did not consume the reinforcement on the 
second visit. 

Following the completion of testing, the animals were 
overdosed with sodium pentobarbital (Nembutal) and 
intracardially perfused with 0.9% saline followed by 10% 
formalin. The brains were refrigerated at 4°C overnight, then 
sectioned in the coronal plane at a thickness of 35 microns on 
a freezing microtome. Every sixth section was mounted on a 
gelatin-coated slide and stained with cresyi violet. An adja- 
cent section was stained for AChE according to the proce- 
dure described by Lynch and Kilackey [21], and then lightly 
counter-stained with cresyl violet to aid structural identifi- 
cation. 

An additional group of six ACTH treated and six control 
animals from Harlan dams were tested in a similar apparatus 
beginning at 100 days of age, but under the low illumination 
conditions to facilitate entry into the open arms. A 15 watt 
bulb was suspended 48 inches above the maze which was 
housed in a 6x9 foot sound-attenuated room with walls 
painted a yellow pastel. Procedures were the same as out- 
lined above with the following exceptions: (1 maze was 
painted a flat, dull orange; (2) latency to visit the first eight 
arms was not recorded; (3) stimuli on the four sides of the 
maze were the following: a metal strip, a white card with a 
black design, a blank wall, and the door; (4) animals were 
given 10 days of exposure to the maze before formal testing. 
Formal testing was done for the subsequent 11 days. Thirty 
days later, the animals were tested for an additional 16 days. 
In this experiment, consummatory behavior was examined 
by computing a ratio of the number of available pellets in the 
first eight choices (corrected for errors made) to the number 
consumed. This measure is, hereafter, referred to as the con- 
summatory efficiency ratio. 

Original Learning and Reversal o f  a Visual 
Discrimination Problem 

Four treated and four control animals from Harlan dams 
were tested in a visual discrimination paradigm which 
utilized a fixed level of shock for negative reinforcement. 
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The test apparatus was a black Piexiglas Thompson-Bryant 
box [35] which consisted of a start box, a choice compart- 
ment, and a goal box. The start box was separated from the 
choice compartment by a guillotine door. The goal box was 
separated into two sections by a partition which extended 7 
cm into the choice compartment. The floor of the start box 
and the choice compartment consisted of a bronze grid 
through which shock could be administered. The apparatus 
was cleaned after each animal was tested with an alco- 
hol/vinegar solution. 

The first day, each animal was permitted to explore the 
apparatus for 15 minutes. On the second day, the animal 
was trained to avoid shock by running into the goal box until 
five consecutive correct responses were made. On day 3 the 
rats were trained by a shaping procedure to dislodge identi- 
cal diagonally striped black and white doors to enter the goal 
box. Criterion was five consecutive responses elicited with 
no negative reinforcement. 

The discrimination task required that the rat avoid elec- 
tric shock by running to a solid white door, dislodging it and 
entering the goal box. The solid black door remained locked 
during this phase of the experiment. Door positions were 
varied according to a Gellerman series. The animals were 
given 25 trials per day in a mass trial procedure. Acquisition 
of the discrimination test was defined as nine out of l0 cor- 
rect responses. An error was scored if the animal's vibrissae 
or body made contact with the negative door. A brief foot 
shock of 2 mA was administered for incorrect responses and 
response latencies greater than 15 sec. Following acquisition 
of the original learning problem, the animals were tested, 
beginning on the following day, for acquisition of the rever- 
sal of the black/white problem. 

An additional six experimental and six control animals 
were tested according to the same procedures with the ex- 
ception that minimal shock level was determined during 
training procedures for each animal to elicit a task related 
response. These shock levels varied for individual animals 
between 0.3 mA and 1.5 mA. Once the shock level was de- 
termined for an animal, it was used throughout the remainder 
of the testing sessions. 

Sexual Behavior 

Seven ACTH treated and six control animals from 
Simonsen dams were tested for sexual behavior in the pres- 
ence of an estrous female. Testing was begun at approx- 
imately 90 days of age. Stimulus females were chronically 
implanted with 4-5 mm Silastic capsules containing estrogen 
benzoate two to three weeks before testing. Estrous was 
induced on the day of testing by injection (SC) of 100/xg of 
progesterone in a vegetable oil vehicle administered six 
hours before the testing session. Sexual activity was meas- 
ured beginning one hour into the dark cycle between 1900 
and 2100 hours. 

Each male was placed in a 15 inch diameter, clear, plastic 
chamber illuminated by red light. After a 5 rain adaptation 
period, a stimulus female was introduced and in her pres- 
ence, the following responses were recorded: number of 
mounts, number of intromissions, time to ejaculation, and 
post ejaculatory interval (the interval between ejaculation 
and the next intromission). 

Brain, Adrenal, and Body Weights 

Whole wet brain and wet adrenal weights were measured 
immediately after sacrifice at several age levels. Four ACTH 

treated and four control animals, from three separate litters 
and matched for body weight, were measured at 12 days ot 
age. Seven ACTH treated and seven control experimentally 
naive animals were measured at 90 days of age. The six 
ACTH and six control animals used in the second Radial 
Arm experiment were sacrificed 30 days after testing at ap- 
proximately 190 days of age and also measured for brain, 
adrenal and body weights. During the 30 days between test- 
ing and sacrifice, the animals were left undisturbed in their 
home cages in the laboratory vivarium. 

Body weights were recorded for animals used to study 
developmental activity patterns. Measurements were taken 
on days 2, 9, 18, 24 and 30 after parturition. Body weights on 
adult animals were measured for the seven naive and seven 
control animals described above at 90 days of age. Body 
weights of animals used for analgesia tests were also re- 
corded at 120 days of age (N=10/condition). This latter 
group of animals was derived from four separate litters. 

RESULTS 

Activity, Eye Openings, Brain, Adrenal and Body Weights 

Pups injected with ACTH4-10 exhibited a markedly differ- 
ent response to the injection than the vehicle-injected con- 
trols. Approximately 20 sec after the injection, ACTH 
treated neonates showed a dramatic increase in gross motor 
behavior which lasted 90-120 sec. The forelimbs engaged in 
a vigorous swimming motion, while the hindquarters showed 
a tendency to rotate. This pattern was often accom- 
panied by stereotypic head movements. These behaviors 
were most robust on postnatal days 2-4 and tended to di- 
minish between days 5 and 7. Control animals injected with 
the vehicle exhibited none of these responses. 

Developmental activity pattern was analyzed by a 2 
(group) x 9 (days) ANOVA with repeated measures over the 
last factor. No significant group differences were detected. 
Date of eye opening, analyzed using a Chi square test, was 
also not significantly different for the two groups. The aver- 
age day of eye opening for both groups was postnatal day 14, 
with a similar range between day 12 and day 15. 

Body and brain weights were analyzed by Student's 
t-tests. No differences were detected between the groups at 
any age. However, adrenal weights were heavier in 
ACTH4 10 treated animals. A significant difference of treat- 
ment was seen on day 12, t(6)=3.84, p<0.01 (2 tail), as well 
as day 190 in adult animals tested in the Radial Arm maze, 
t(10)=2.85, p<0.01. Experimentally naive adult animals 
sacrificed at day 90 showed a similar, but nonsignificant 
trend (p<0.15). The total weight of both adrenals was used 
for analyses. Data are presented in Table 1. 

Acoustic Startle 

Startle data were analyzed using a 2 (group) x 30 (trials) 
ANOVA with repeated measures over the last factor. A sig- 
nificant main effect for trials, F(29,552)=2.70, p<0.001, was 
revealed as well as significant group x trials interaction, 
F(29,552)=2.92, p<0.001. A further analysis of orthogonal 
trend components revealed a quadratic effect for a group x 
trials interaction, F(1,18)=9.55, p<0.01. These effects can 
be observed in Fig. 1, which shows a clearly enhanced startle 
response for ACTH treated animals. 

Open Field 

Of the five open field measures, only the time to wall 
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TABLE 1 

ORGAN WEIGHTS OF ACTH4_,0 TREATED ANIMALS AND LITTERMATE CONTROLS AT THREE DIFFERENT AGES 

Body Brain Adrenal 
Age 
(N/Group) Control ACTH4_~0 Control ACTH4_~0 Control ACTH4_,0 

190 (6) Mean 505 g 483 g 2.06 g 2.06 g 48.53 mg* 57.31 mg 
SEM 7.84 15.81 0.025 0.03 2.12 2.23 

90 (7) Mean 439 g 436.7 g 2.04 g 2.03 g 39.55 mg 42.19 mg 
SEM 13.56 23.35 0.03 0.03 1.58 2.11 

12 (4) Mean 27.5 g 27.0 g 5.3 mg¢ 8.2 mg 
SEM 1.02 0.98 0.21 0.72 

*p<0.01. 
Cp<0.001. 
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FIG. 1. Amplitude of the acoustic startle response in mm of pen deflection to a 100 dB, 50 msec, 2500 Hz 
tone. Thirty trials were given. N is indicated in parentheses. 

measure (TTW) differentiated the two groups. ACTH treated 
animals moved from the center of the open field to the wall 
during the initial testing block significantly faster than the 
controls (0<0.03; Wilcoxon t). This measure also ap- 
proached significance in the second testing block (0<0.07; 
Wilcoxon t), as shown in Fig. 2. 

Thermal Pain Sensitivity and Morphine 

Basal sensitivity to thermal pain, as well as analgesic re- 
sponsiveness to morphine, was not significantly different for 
the two groups. No differences were detected using Stu- 
dent 's t-tests for either the tail flick test or the hotplate test. 

Active Avoidance Acquisition 

Data were analyzed by Student's t-tests comparing the 
total number of  avoidance responses made for each animal 
over the 100 trials. Animals treated with ACTH performed 
significantly worse than did controls, t(10)=2.22, p<0.05.  
ACTH treated animals also made a significantly greater 
number of  spontaneous interatrial crossings than controls, 
t(10)=2.78, p<0.01.  Interestingly, all ACTH treated animals 
developed a sterotypic pattern of  responding over  trials. The 
response pattern consisted of  developing a preference for 
one side of  the shuttle box, remaining on that side until the 
shock came on and then crossing to the other side. Upon 
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shock termination, the animal immediately returned to the 
original side. This pattern was clearly evident in five of  the 
animals after the first 60 trials and by trial 80 for the sixth 
animal. The pattern was not observed in any of the controls. 
Data are presented in Fig. 3. 

Radial Arm Maze I 

Experiment I did not reveal any performance decrement 
in ACTH animals compared to controls. Data were analyzed 
with a Wilcoxon t-test on total number of errors committed 

over the 10 test days. Data for days 5-10 of testing are shown 

in Fig. 4. However,  two of the ACTH animals developed 
clear algorithms (repeated right turns) by the third training 
day and maintained them for the duration of the testing 
period. This pattern was not observed in any control 
animals. If these two animals were deleted from the 
analyses, the ACTH treated animals performed significantly 
poorer than the controls (p<0.01). For this reason, the ex- 
periment was repeated with a second group of  animals in 
Experiment II (see below). 

In Experiment I, data on latency to complete the first 
eight choices were analyzed by a 2 (group) × 10 (latency) 
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ANOVA with repeated measures over the latency factor. 
ACTH animals tended to complete the first eight choices 
more quickly than controls, but this effect only approached 
significance, F(1,9)=3.01, p<0.11.  There was also a tend- 
ency for ACTH animals to consume fewer of the food rein- 
forcements. This effect was much more pronounced when 
the two animals which employed algorithms were deleted, 
and thus consummatory behavior was formally included in 
the second Radial Arm Experiment. 

A qualitative histological examination of several brain 
areas (amygdala, septum, hippocampus, and entorhinai cor- 
tex) of these animals revealed no gross differences in organ- 
ization or cell number between the control and ACTH4 ,~ 
treated animals. The patterning of ACHE, examined particu- 
larly in the hippocampal formation, was also observed to be 
unchanged. 

Radia l  A r m  M a z e  11 

As shown in Fig. 5, results from this second experiment 
paralleled the first with respect to the number of  errors. A 
Wilcoxon t-test revealed no significant differences between 
groups for days 1-11 or days 12-27. However,  the consum- 
matory efficiency ratio of the ACTH treated group was con- 
sistently lower than the controls (Fig. 5). Data were analyzed 
using a mixed factorial ANOVA with repeated measures. 
Analysis of the first test period, days 1-11, revealed a signifi- 
cant main effect for days,  F(10,110)=5.93, p<0.001,  and a 
marginally significant effect for treatment, F(1,11)=3.69, 
p<0.08. Analysis of the second test period revealed main 
effects for days, F( 15,165)=2.43, p<0.01,  and for treatment, 
F( 1,1 I)=5.33, p<0.05 (Fig. 5). 

Sexua l  Behav ior  

Sexual behavior of ACTH treated animals was not dis- 
cernably different from controls. No differences were ob- 
served in number of mounts, intromission, time to ejacula- 
tion, or post-ejaeulatory interval. 

Visual  Discr iminat ion  Task 

In the first experiment,  which employed a high shock 
level, no differences were detected in the number of trials to 
criterion for the original learning problem (Control 
mean=30.5-+5.8 SEM, ACTH mean=42.5-13 .9  SEM). 
However,  ACTH treated animals showed a marked impair- 
ment in their ability to acquire the reversal of their original 
black/white discrimination problem. The mean number of  
trials for the controls was 50.2 trials (_+3.47 SEM) compared 
to 101 trials (_+12.57 SEM) for the ACTH treated group 
(t(6)=3.89, p<0.01).  

In Experiment II, where the minimal shock level neces- 
sary for task performance was employed, no differences 
were observed between the groups for either the original 
learning or the reversal problem. Mean number of trials to 
criterion for controls was 25.33 (_+ 1.8 SEM) on the original 
learning problem compared to 25.0 (_+1.5 SEM) for the 
ACTH treated group. The mean number of trials for the 
reversal problem was 50 (_+2.8 SEM) for controls and 51.5 
(_+3.2 SEM) for the ACTH treated animals. 

DISCUSSION 

The results of the present experiment demonstrate sev- 

eral long-term effects after postnatal treatment with 
ACTH4 10. Animals treated neonatally with a high dose of 
the peptide exhibited significantly poorer learning perform- 
ance as adults in two of the three learning paradigms em- 
ployed compared to iittermate controls. Peptide treated 
animals were also found to exhibit an enhanced startle re- 
sponse as adults as well as a heightened aversion to open 
space, both in the open field and the radial arm maze. Addi- 
tionally, adrenal weights of these animals were heavier than 
controls in both the developing and adult animal. 

The influence of this neonatal treatment on learning ca- 
pacity is difficult to assess. Peptide treated animals exhibited 
a marked impairment in the acquisition of the reversal learn- 
ing problem of the visual discrimination task when a fixed 
shock level was used. However,  adjusting the shock level for 
each animal to the minimal amount necessary to elicit a task 
related response normalized original learning performance of  
ACTH4-10 animals, but did not influence performance of  lit- 
termate controls. Reversal learning was also found to be the 
same as controls when shock levels were minimized. On the 
other hand, shuttle box performance was markedly impaired 
even though a relatively low level of shock for that task was 
used [1]. In an appetitive situation, performance in the radial 
arm maze was unaffected. 

The results we obtained in the visual discrimination 
paradigm do not parallel results obtained when a-MSH,  
which contains the ACTH4 10 amino acid sequence, or Org 
2766 was administered neonatally [4,11]. Beckwith et al. [4] 
administered 10 /zg of a -MSH on days 2-7 postnatally, 
whereas Champney et al. [11] administered a single ICV 
injection of 10 p,g of Org 2766 on day 1 postnatally. Neither 
treatment affected original learning, but both studies re- 
ported enhanced reversal learning. Beckwith et al. [4] also 
reported enhanced original learning. 

It may be that ACTH~_I0 is uniquely affecting the neonate 
in a manner not common to these other ACTH fragments. 
Alternatively, the relatively high dose level employed in the 
present study may be critical, since the effects of ACTH and 
related fragments can be biphasic, depending upon the dose 
administered. However,  the apparent interaction of learning 
performance with shock stimulus intensity complicates an 
interpretation of this nature. It is not clear whether the poor 
learning performance we observed, when compared with the 
positive results cited above, suggests a biphasic effect of  
dose on developing CNS structures related to learning or a 
more global high dose effect on the CNS. 

It appears that the peptide treated animals were more 
reactive than controls to the shock stimuli used in the visual 
discrimination and CAR paradigms, which could account for 
their poorer performance. The possibility of an exaggerated 
response to stress in these animals is partially supported by 
the enhanced startle response of these animals as well as the 
enlarged adrenal size. ACTH~_10 is basically devoid of 
steriodogenic activity, but ICV injection of the peptide has 
been shown to induce pituitary-adrenal activation in the 
adult animal [43]. This raises the possibility that early expo- 
sure to ACTH4-10 may have a long lasting influence on limbic 
structures involved in ACTH secretion. ACTH4-10 has been 
demonstrated to have a variety of effects on limbic struc- 
tures in adult animals [36, 37, 41]. However,  its effect on the 
neonatal limbic system, especially the HPA axis, after pe- 
ripheral injection remains to be demonstrated. 

Org 2766 has been found to accumulate in the septal re- 
gion after ICV injection [40]. This led us to consider the 
possibility that a similar accumulation of ACTH4-10 in the 
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neonate ,  s temming from the daily inject ion regimen,  might 
be detr imental  to developing  septal neurons  or  their  efferent  
connect ions  to o ther  limbic areas. H o w e v e r ,  light micro- 
scopic  inspect ion revealed  no al terat ions in the cytoarchi tec-  
ture of  any limbic areas examined.  Moreove r ,  the pat terning 
o f  ACHE, which reflects  the pat terning o f  septal innervat ion 
in its target areas,  was not  disturbed.  Addit ional ly,  major  
insult to the h ippocampal  structure does  not  appear  to be 
implicated since damage  to this s t ructure is quite sensi t ive to 
disruption o f  radial arm maze  choice  per formance  [2,25]. 

Al though ACTH4-10 has been  repor ted  to affect copula- 
tory and sexually mot iva ted  behav ior  in the adult rat [8], we 
did not  observe  any long-term effects o f  neonatal  t rea tment  
on sexual functioning.  Similarly,  no long-term effects were  
obse rved  on pain sensit ivity or  analgesic respons iveness  to 
morphine.  

Increased  adrenal  weights  were  the only difference ob- 
served be tween  groups among the deve lopmenta l  param- 
eters  we examined.  Similar  to the repor t  o f  van der  Helm-  
Hylkama  and deWeid  [38], who  t reated female  neonates  with 
ACTH4-10, we found no effect on data  o f  eye  opening in our  
male pups. Deve lopmenta l  act ivi ty pat terns  also were  not  
al tered,  nor  did we observe  any differences in brain or  body 
weights.  

The act ivat ional  effect  o f  the pept ide on the pup ' s  motor  

behavior  post  injection has not  previous ly  been reported.  We 
have observed  a similar, but  a t tenuated response  in 2-5 day 
old pups injected with 10 p,g o f  ACTH4-1o or  c~-MSH (unpub- 
lished observat ions) .  The  effect  o f  the pept ide on motor  be- 
havior  appears  to wane  o v e r  t ime, often being absent  in the 6 
or  7 day old animal.  A peripheral  site of  act ion is suggested 
by the work  o f  Strand and co-workers  [32, 33, 34], who have  
demonst ra ted  that peripherally administered ACTH4 l0 
enhances  muscle  action potentials  in both immature  (9--15 
day old) and adult animals.  

In summary,  these data reveal  poor  learning perform- 
ance,  in an advers ive ly  mot iva ted  task, but normal  learning 
in an appeti t ive task in addition to increased-adrenal  weights 
and an exaggerated startle response in adult animals t reated 
with a high dose of  ACTH4-1o. These  results suggest that 
ACTH4_I0 can act as a behavioral  tera togen when  adminis- 
tered subchronical ly in high doses  to the developing nervous  
system. 
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