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SMITH, G. J., L. P. SPEAR AND N. E, SPEAR. Detection ofcholinergic mediation of behavior in 7-, 9-, and 12-day old 
rat pups. PHARMAC. BIOCHEM. BEHAV. 16(5) 805-809, 1982.--A training procedure that permitted infant rats (7, 9, 
and 12 days old) to acquire a T maze discrimination to escape footshock (Experiment 1) was used to study the effects of the 
cholinergic antagonist, scopolamine hydrobromide (0, 0.2 mg/kg and 0.8 mg/kg) (Experiment 2). These results indicated that 
(1) Scopolamine had no effect on T maze choice behavior, unlike previous results for 15- and 23-day old rats, but (2) 
scopolamine did increase latency to choice in the discrimination task at all ages, an effect previously seen in 15-day old 
animals, but opposite that seen after scopolamine administration to 23-day old animals or adults. This "paradoxical" effect 
of sco*polamine on response latency is present approximately two weeks prior to earlier estimates of the time course of 
maturation of the cholinergic system. 

Developmental psychopharmacology 
Latency to choice 

Scopolamine Acetylcholine Rat pups T-Maze discrimination 

IT has been suggested that the cholinergic neurotransmitter 
system may attain functional maturity in rats and mice dur- 
ing the third week of life, around 15-20 days postnatally [3]. 
It is not until that age that animals respond in the typical 
adult fashion to anticholinergic drugs such as scopolamine 
with an increase in locomotor activity [3], and to cholinergic 
drugs with catalepsy [1]. Yet, an earlier functional matura- 
tion of the cholinergic system has been suggested by studies 
that have assessed behaviors other than those typically seen 
in adult animals upon modification of their cholinergic sys- 
tems. For example, we [13] observed that while 15- and 
23-day old animals, like adult animals, responded to 
scopolamine with a decreased probability of a correct choice 
in a T maze escape task, scopolamine-treated 15-day old rats 
exhibited increased latency to choice while 23- day old rats 
exhibited the adult-typical response of a decreased latency to 
choice. These latency results supported the observation 
made by others that, ontogenetically, the earliest locomotor 
response to scopolamine is a paradoxical decrease in activity 
rather than the increase in activity seen later [2, 5, 10, 12]. 

In spite of these interesting "paradoxical" responses to 
anticholinergic agents at the beginning of the rat 's third 
postnatal week, there have been few reports of the effects of 
drugs affecting the cholinergic system in younger pups. Such 
work is critical to discern the ontogeny of cholinergic func- 
tion in mediating infant behaviors. HOlmgren and Urb~- 
Hrlmgren [7] have reported that cholinergic agonists induce 
yawning and head-shaking that is most evident during the 
first and second weeks of life, respectively. Elec- 

trophysiologically, Le Blanc and Bland [9] have reported 
that an anticholinergic drug inhibited theta rhythms in rat 
pups at the beginning of the second postnatal week. Our 
intention was to examine possible cholinergic effects on in- 
strumental learning during this period. In our previous work 
examining scopolamine responsiveness in 15- and 23-day old 
animals, we did not test younger animals on the same T maze 
discrimination task due to their typical failure to show signif- 
icant instrumental learning within a reasonable period [13]. 
Subsequent work in our laboratory, however, indicated that 
with modification, this task potentially could provide an ef- 
fective testing paradigm for rat pups during the second week 
of life [12]. In Experiment 1, the effectiveness of this task for 
training animals of these ages was further refined and ver- 
ified. Then, this task was applied in Experiment 2 to assess 
the influence of scopolamine on choice behavior and latency 
to choice in 7-, 9-, and 12-day old rat pups. 

EXPERIMENT 1 

This experiment was designed to verify the reliability of 
the spatial discrimination procedure for use with 7-, 9-, and 
12-day old rats tested in the presence or absence of litter 
shavings. 

METHOD 

Subjects and Experimental Design 

The subjects in this experiment were 60 Sprague-Dawley 
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FIG. 1. Acquisition of a spatial discrimination to escape footshock (left panel) and the 
incidence of 180 ° pivoting responses (right panel) as a function of age (7 days vs 9 days vs 
12 days) and training environment (home nest odors present or absent). 

rats born and raised in our colony and maintained under a 
0700 (lights on)-2300 (lights off) cycle. In a 3×2 factorial 
fashion, 3 ages (postnatal days 7, 9, and 12) × 2 training 
conditions (presence or absence of litter shavings), rats were 
assigned in a quasi-random split-litter design to one of six 
orthogonal treatment groups (10 rats per group). The as- 
signment of rats was restricted in that an equal number of 
littermates was represented in each treatment group. 
Throughout the experiment rats were housed with their par- 
ents and littermates except for expressed training periods. 
All training occurred between 0800 and 1200 hours. 

Apparatus and Procedures 

The training apparatus was made from opaque Plexiglas 
(startbox: 8 cm long × 3 cm wide × 3 cm high; each arm: 24 
cm long x 3 cm wide x 3 cm high) and mounted on a grid 
floor that could be electrified (0.2 mA) by a Grason-Stadler 
shock generator and scrambler (Model No. E 1065 GS). 

The procedures have been described in detail elsewhere 
[12]. Briefly, rats at each age were placed in the startbox 
facing the choice point. After 5 seconds, the guillotine door 
separating the startbox from the choice point was raised si- 
multaneously with initiation of the footshock and a latency 
timer. Once the rat left the startbox, the door was lowered 
behind it to prevent retracing. The first trial was considered 
the preference trial. On all remaining trials, rats were trained 
to escape the footshock by running to that arm of the maze 
not visited on the preference trial. Training occurred in 3 
blocks, 8 trials per block, with approximately 15 minutes 
separating each block. After each block of trials the rat was 
returned to its home nest cage to await the next block of 
trials. Training continued for a maximum of 24 trials or until 
the rat made 7 correct choices in any 8 consecutive training 
trials beginning after trial 9. If a rat failed to acquire the 
discrimination in 24 trials, a maximum score of 24 was as- 

signed to this animal. A 24-trial limit was chosen as the upper 
limit for training since escape performance sharply declines 
with additional trials. Twenty pups were tested at each age 
with half of the animals in each age group trained in the 
presence of home litter shavings and the remainder with no 
shavings beneath the grid floor of the training apparatus. 

RESULTS AND DISCUSSION 

Figure 1 presents the results of Experiment 1. The left 
panel of this figure indicates the mean number of trials to 
complete criterion training and the right panel shows the 
mean number of 180 ° pivoting responses in the startbox dur- 
ing the final eight training trials for each animal. A 3 (ages) × 
2 (shavings) analysis of variance was conducted for both the 
trials to criterion and pivoting responses. Within each age 
group, rats trained with home litter shavings beneath the 
apparatus acquired the spatial discrimination faster than lit- 
termates trained in the absence of shavings (a main effect of 
shavings: F(1,54)= 17.95, p<0.001). There was no main ef- 
fect of age on the number of training trials required to attain 
the present criterion, which is in agreement with previous 
results from our laboratory [12]. Analysis of the pivoting 
responses indicated only a main effect of age, F(2,54)= 15.32, 
p<0.001, reflecting the tendency for the youngest age group 
to pivot more in the apparatus than the older pups. Others 
have also reported that the incidence of pivoting responses 
decreases after 7 days of age [6]. The presence or absence of 
home shavings apparently had no effect on pivoting behav- 
iors in the maze. 

These results confirm the reliability of this training proce- 
dure for use with rats as young as 7 days postpartum. Note, 
however, that learning was substantially poorer in the ab- 
sence of home nest odors. Considering all ages tested, 33% 
of the rats trained in the absence of shavings, compared to 
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3 0  
77% of  those trained in the presence of home nest odors,  
achieved the training criterion. At these ages, learning of  this 
kind apparently is facilitated when it occurs in the context of  z0 
the home nest environment (e.g., [10,11]). Another  impor- 
tant point in these results is that there was in fact no discern- 
ible difference in the rate of  acquisition of the response I o 
across the three ages when measured in terms of trials to 
criterion. A similar conclusion was also reached when exam- 
ining the proportion of  rats attaining the training criterion, ~o 0 
particularly when examining the performance of  rat pups 
trained in the presence of home nest odors. For  rats trained "-" 

la.I 50 
in the absence of  shavings, 10% of the 7-day olds, 50% of the o 
9-day olds, and 40% of the 12-day olds achieved the training 
criterion. For  rats trained in the presence of  home nest shav- -r  tJ 40 
ings, 70% of the 7-day olds, 80% of the 9-day olds, and 80% I--- 
of the 12-day olds reached criterion. Thus, although rats 
trained in the presence of  nest odors were equivalent in their a: 3o 

tY 
performance across the ages examined, rats trained in the o 
absence of  shavings showed some tendency toward a posi- 
tive relationship between performance and age. ~ 2o 

In the present study, the presence of litter shavings en- o 
o hanced the performance of 7-, 9-, and 12-day old rat pups in -1- 

this discrimination learning task. Moreover,  in the presence o I o 
of  litter shavings there were no age differences in the rate of O 
acquisition of  the response. Consequently,  use of litter shav- o~ 
ings in this test would be particularly useful for the assess- tu 
ment of age-related effects of  scopolamine because a particu- o z 
larly unequivocal examination of  drug-related effects on per- w 5o 
formance in an instrumental-learning task can be accom- ~ I 
plished if learning is equated across the ages in question. In J 
Experiment 2, therefore, this procedure was used to assess z 40 
the effects of scopolamine on choice behavior and latency to tu 
choice. 

EXPERIMENT 2 

Experiment 2 used the procedure developed in Experi- 
ment 1 where rats were trained in the presence of home envi- 
ronmental stimuli, to assess the behavioral responsiveness 
of 7-, 9-, and 12-day old rats to the cholinergic blocking 
agent, scopolamine hydrobromide.  

METHOD 

Subjects and Experimental Design 

The subjects were 72 Sprague-Dawley rats born and 
raised in our colony. Housing and maintenance were identi- 
cal to that in Experiment 1. Rats were assigned in factorial 
fashion to one of nine orthogonal treatment conditions repre- 
sented by the 3 x 3 design: 3 ages (7-, 9-, and 12-days old at 
training) x 3 drug treatments (0.2 mg/kg, 0.8 mg/kg 
scopolamine hydrobromide (Sigma Chemical Co.), or an 
equal volume of  0.9% saline). 

Apparatus and Procedures 

The apparatus described in Experiment 1 was used in the 
present experiment.  Ten minutes prior to training each rat 
was injected subcutaneously with the appropriate drug. As in 
Experiment 1, training occurred in 3 blocks of 8 trials per  
block or until the rat reached the training criterion of 7 cor- 
rect in 8 consecutive trials beginning with trial 9. All rats 
were trained with shavings from their home nest beneath the 
entire training apparatus. 
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FIG. 2. Mean latencies to choose the correct arm of the maze during 
the last 8 training trials. Solid lines represent the saline injected 
control treatment; dashed lines represent groups injected with either 
0.2 mg/kg or 0.8 mg/kg of scopolamine hydrobromide. 

RESULTS 

Analysis of  the number of trials required to complete the 
training criterion indicated that all groups performed com- 
parably. Seven-day olds acquired the discrimination in an 
average of 21.9 trials (saline: 20.8 trials; 0.2 mg/kg 
scopolamine: 23.0 trials; 0.8 mg/kg scopolamine: 22.0 trials); 
9-day olds acquired the response in an average of  22.1 trials 
(saline: 21.3 trials; 0.2 mg/kg scopolamine: 22.8 trials; 0.8 
mg/kg scopolamine: 22.3 trials); and 12-day olds required an 
average of  21.9 trials (saline: 22.8 trials; 0.2 mg/kg sco- 
polamine: 19.9 trials; 0.8 mg/kg scopolamine: 23.1 trials). 
Administration of  scopolamine did not significantly influence 
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the rate at which rats of these ages acquired the spatial dis- 
crimination (F <1). Thus, although at 15 and 23 days of age 
scopolamine decreased the rate of  acquisition of  a spatial 
discrimination task [13], scopolamine did not affect 
probabili ty of a correct choice among rats 7, 9, and 12 days 
of  age. 

Figure 2 reports the mean latency to reach the goal box 
during the criterion run (the last 8 training trials, 7 of which 
were correct  choices). Analysis of  these data indicated the 
existence of  a reliable main effect of  drug, F(2,63)=7.47, 
p<0.001,  which did not interact with age. Planned compari- 
sons indicated that the main effect of  drug was largely due to 
animals given 0.8 mg/kg scopolamine exhibiting reliably 
slower running speeds across test trials than saline animals 
(7-day olds: F(1,63)=9.24, p<0.01;  9-day olds: F(1,63)= 
26.08, p<0.001;  12-day olds: F(1,63)=113.06, p<0.001).  
Generally speaking, animals given 0.2 mg/kg scopolamine 
performed intermediate to saline and 0.8 mg/kg scopolamine 
groups. 

G E N E R A L  DISCUSSION 

In the present study, a simple spatial, discriminated- 
escape task was used to determine the effects of  scopolamine 
in 7-, 9-, and 12-day old animals. At all ages, scopolamine 
increased latency to escape from footshock in the discrimi- 
nation task, without affecting probability of a correct  choice. 
However ,  since our analysis in Experiment 2 failed to meas- 
ure pivoting responses,  we cannot unequivocally assert that 
scopolamine did not affect latencies by increasing pivoting 
behaviors.  We feel confident that pivoting was not a major 
contributor to the increases in escape latencies since a simi- 
lar scopolamine-induced increase in escape latencies has 
been observed in 15-day olds in our laboratory [13], an age 
well beyond that when pivoting disappears from the rat 's  
repertoire [6]. Furthermore,  it is unlikely that this increased 
latency to escape after scopolamine is due to an alteration in 
footshock sensitivity thresholds. Scopolamine did not alter 
shock sensitivity thresholds in 15-day old rats who exhibit a 
similar increased escape latency [13]. 

Scopolamine is hydrolyzed in the body by esterases. 
While there has been little investigation of the ontogeny of 
these esterase enzymes,  there is evidence that oxidative, 
reductive and conjugative enzymes used in drug metabolism 
develop only slowly during postnatal life (e.g., [8]). Thus, if 
hydrolysis enzymes, like other major types of drug 
metabolizing enzymes,  develop only slowly during postnatal 
life, then metabolism of scopolamine may occur more slowly 
in the younger animals. This might result in higher brain 
levels of scopolamine in younger animals. Yet, in our inves- 
tigations, younger animals generally appear to be less sensi- 
tive to the effects of  scopolamine. For  example, in the pres- 
ent study, 7-, 9-, and 12-day old animals did not respond to 

scopolamine with an alteration in the probability of a correct 
choice, whereas it has beewpreviously  reported that older 
preweanling and weanling (15- and 23-day old) animals do 
exhibit an adult-typical scopolamine-induced disruption of 
choice performance [12]. Thus, it is unlikely that these age- 
related differences in the effects of  scopolamine are related 
to ontogenetic alterations in drug metabolism. 

It is interesting to compare the responses to scopolamine 
in the spatial discrimination task at the different ages. While 
an increase in latency to correct  choice after scopolamine 
was seen in the present study by postnatal Day 7, a 
scopolamine-induced disruption in the rate of acquiring the 
spatial discrimination is not seen until around 15 days of age, 
and the typical adult response of a decreased latency to 
choice in this task was seen in 23- but not in 15-day old 
animals [13]. There are several possible interpretations of 
these results. For  example, perhaps scopolamine induces a 
biphasic effect on arousal with a depressant effect seen at 
higher brain levels and an excitatory effect evident at lower 
central levels of scopolamine. Given the potential immatur- 
ity of scopolamine hydrolysis systems in young animals, 
brain levels of  scopolamine might be greater at the time of 
test than those of  older animals. While this interpretation 
would explain the scopolamine-induced behavioral depres- 
sion seen in pups 15 days of  age and younger as compared 
with the scopolamine-induced hyperactivity seen at older 
ages, there are problems with this interpretation. First,  there 
is no evidence that scopolamine induces such a biphasic ef- 
fect in developing or adult animals. In addition, the lack of 
influence of scopolamine on acquiring the spatial dis- 
crimination seen in infant (7-, 9-, and 12-day old) rat pups is 
also difficult to reconcile with this interpretation. 

An alternative explanation of  these results is that the 
maturation of  the cholinergic system may not be an "all-or- 
none"  phenomenon. The scopolamine-induced increase in 
choice latency seen in the present experiment appears sev- 
eral weeks prior to the typical adult response of  a decreased 
latency to choice in this task. Such results suggest the hy- 
pothesis that the cholinergic neurotransmitter system may be 
comprised of several distinct subsystems, each of which ma- 
tures at its own characteristic rate during ontogeny. Behav- 
iorally, with the differential ontogeny of these subsystems, 
animals may exhibit various age-specific responses to drugs 
affecting the cholinergic system prior to the development of 
adult-typical behavioral drug responses.  
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