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CHAPTER I 

INTRODUCTION 

Tricyclic Antidepressants: An Overview 

The history of tricyclic antidepressants begins with 

chlorpromazine, a popular major tranquilizer. Chlorproma-

zine was originally used for its potentiation of anesthetic 

agents, but its calming effect on surgical patients resulted 

in widespread psychiatric use by 1963 (Rech & Moore, 1971). 

In 1958, imipramine was synthesized as a tranquilizer 

(Anton, 1968) ostensibly using chlorpromazine as its struc

tural model. Imipramine was foxind to be ineffective as a 

tranquilizer, but Kuhn (1958) discovered in clinical trials 

that imipramine exerted a striking "normalizing" effect on 

depressed patients. Since these mood elevating properties 

of imipramine were discovered, other drugs of the same 

basic chemical structure have been developed (nortriptyline, 

amitriptyline, desipramine) which have qualitatively similar 

effects (Rech & Moore, 1971). Imipramine and its more 

recent analogues are all subsumed under the term "tricyclic 

antidepressant" because they consist of a central heptene 

configuration with a benzene ring on each side. 

Nortriptyline hcl, a tricyclic antidepressant, was 

introduced in 1963. Nortriptyline went through the three 

basic evaluative steps involved in the investigation of any 



new psychotropic drug. First, there were pharmacological 

studies in animals and human volunteers to determine 

possible toxicity and proper dosage levels. Second, 

early clinical evaluations utilized heterogeneous patient 

populations with a broad spectrum of behavioral problems 

so as to avoid missing an important drug action. Third, 

controlled clinical trials employing double-blind techniques 

with homogeneous patient populations and placebo controls 

were conducted to distinguish drug effect from nondrug 

variables (Rech & Moore, 1971). 

Nortriptyline posed some problems in preliminary 

animal research, as Rathbun and Owen (19 65) have noted. 

Simple animal observations do not yield any information 

about tricyclic antidepressants because most animals appear 

normal or slightly depressed. Therefore Rathbun and Owen 

elected to use operant schedules and avoidance paradigms 

to determine the effects of nortriptyline on normal animals. 

As a result of their various studies with pigeons and rats, 

Rathbun and Owen concluded that nortriptyline, imipramine, 

and amitriptyline produce both stimulation and depression. 

Nortriptyline also increased early responding of pigeons 

performing on DRL 10 FR 2 and various multiple fixed-

interval schedules, and reduced the post-reinforcement 

pause of pigeons performing on an adjusting ratio schedule. 

Nortriptyline produced depression of responding during the 



variable interval schedule for food and also during the 

continuous reinforcement for food and shock in rats. On 

the basis of the equivocal findings in two species of 

experimental animals, the authors suggested that the behav

ioral effects of nortriptyline can be grouped into two 

classes: depression of high rate performance and reduction 

of the post-reinforcement inhibition of responding (Rathbun 

& Owen, 1965). 

Review of the Relevant Research 

Included as a matter of course in most early animal 

studies of drug effects is a pregnancy study designed to 

answer the question of whether a drug can cause a fetus 

to be malformed. This must be determined so that human 

research may safely proceed. However, in the case of drugs 

not demonstrated to be teratogenic ("monster producing"), 

little attention is paid to the possible influence of pre

natal administration of drugs on physical and psychological 

development of the offspring (Kornetsky, 1970). This would 

appear to be a particularly important avenue for investiga

tion in the case of tricyclic antidepressants, because they 

affect such a variety of neural and hormonal systems (Rath

bun & Slater, 1963). 

In 1966, Meyers, Small, and Anderson conducted a 

toxicity study using nortriptyline and included a pregnancy 
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variable. Female rats were fed on diets containing either 

a .015% or a .03% concentration of nortriptyline. The rats 

were bred for two litters, and approximately the same number 

of experimental young as control young survived. No congen

ital abnormalities were noted on the basis of gross observa

tion. Thus, at this writing, it appears that nortriptyline 

and the related tricyclics are not teratogens. 

Despite the fact that nortriptyline, or any drug, is 

not teratogenic, it still may affect a developing organism 

in several differenct ways. Bowes (1970) has described 

three characteristic ways in which drugs may affect the 

developing fetus. First, and the most dramatic way, it is 

possible for the drug to alter the differential rate of 

cell division and produce Thalidomide-like results. Second, 

drugs may interact with the metabolic development of a 

fetus. Immature enzyme systems may be unable to properly 

metabolize some drugs, leading to toxicity and death. The 

third way a drug may affect the fetus is to change maternal 

physiology in such a way as to compromise the intrauterine 

environment (Bowes, 1970). Kornetsky (1970) has pointed 

out, in addition, that the offspring may ingest the drug 

during nursing, or may be affected indirectly if the drug 

causes the mother to care for her young in an inappropriate 

or ineffective manner. Kornetsky (1970) also reports that 

infants born to chronic narcotic users exhibit symptoms of 



opiate withdrawal which often results in death, if left 

untreated. Thus a drug habit or preference has been demon

strated to be transmitted from mother to fetus. 

In view of the fact that drugs may interact with a 

fetus in a variety of ways, one may first ask whether there 

is any interaction at all between the tricyclic antidepres

sant and the fetus. Fratta, Zak, Greengard, and Sigg (1964) 

found that imipramine and chlorpromazine each prevented 

fetal death from resorption in nicotinamide-deficient rat 

mothers. Since tricyclic antidepressants inhibit such 

diverse transmitters as histamine, serotonin, and acetylcho

line (Rathbun & Slater, 1963), it is possible that in this 

case imipramine prevented a negative-feedback enzymatic 

destructive mechanism from being put into effect. 

The interaction between tricyclic antidepressant and 

fetus was explored further from a behavioral point of viev: 

by Crane and Cogan (19 72). In this study, drugged mothers 

received nortriptyline from the fifth day of pregnancy 

until the neonates were 21 days old. When the neonates 

were 35 days old, spontaneous behavior in an open field, 

a curiosity situation, and a running wheel was investigated 

over four testing sessions to compare the activity levels of 

the offspring of the drugged mothers to those of the control 

mothers. The neonates of drugged mothers exhibited signif

icantly less activity in the running wheel, tended toward 



spending less time in contact with the curiosity object, 

but exhibited approximately the same amount of open field 

activity. The results indicated that there may be a drug 

carry through effect on the neonates of tricyclic anti

depressants administered to the mother during pregnancy 

and/or lactation. The small sample size (six neonates in 

all) and resulting low power of the statistical test sug

gested the need for replication. 

If psychotropic drugs can affect an organism iri utero 

by altering spontaneous activity levels, it is possible 

that prenatally ingested drugs might also affect learning 

behavior. Hoffeld and Webster (1965), for example, have 

shown that pregnant rats injected subcutaneously with 

chlorpromazine during the first trimester of pregnancy 

had offspring that were significantly slower in learning 

a Lashley type-Ill maze (Lashley, 1963) than control 

offspring. However, the handling and injecting of pregnant 

rats in itself may cause biochemical changes which affect 

the behavior of the offspring (Hoffeld & Webster, 1965). 

However intriguing the problem of prenatal drug 

experience on subsequent activity levels may be, the effect 

of acute antidepressant usage on activity and learning may 

be the more important question when trying to infer possible 

human drug action from animal research. The amount of 

literature on the effect of tricyclic antidepressants on 
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animal learning is surprisingly meager (Latz, Bain, Goldman, 

& Kornetsky, 19 67), but is probably due to the observation 

of a general depression of all activity shown by rats when 

given this class of drugs (Rathbun & Owen, 1965). 

The first learning study with nortriptyline which 

produced clear-cut results was an avoidance study conducted 

by Owen and Rathbun (1966). Owen and Rathbun found that 

chronic administration of nortriptyline caused a depressed 

rate of performance, which resulted in a higher frequency 

of shocks to the drugged rats. In addition, the depressed 

rate of performance persisted over the 40-day period of no 

treatment. During this time, the shock frequency graduall\ 

returned to pretreatment levels in spite of a continued 

subnormal response rate (Owen & Rathbun, 1966). 

Latz, Bain, Goldman, and Kornetsky (1967) found 

similar results using imipramine and desipramine on subjec-'s 

required to learn a dissimilar task, swimming a single-T 

water maze. Earlier, Latz, Kornetsky, Bain, and Goldman 

(1966) had found that antidepressant drugs slowed the 

swimming time of pretrained mice, but had no effect on 

the number of errorless trials. The effect of antidepres

sants on response acquisition was therefore the topic of 

the 1967 study. Latz et al. (1967) found that 20 mg./kg. 

dosages of imipramine produced a significant decrease in 

the number of correct trials to criterion and significantly 
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slowed swimming speed. There was some impairment of 

acquisition and a slowing of swimming speed after the 

administration of 10 mg./kg. doses of imipramine and 10 

and 20 mg./kg. doses of desipramine also, but these 

differences failed to reach statistical significance. 

Purpose of the Present Research 

The present study was designed to replicate and extend 

the findings of the Crane and Cogan (19 72) study of the 

prenatal influence of nortriptyline on general activity 

levels. In addition, this study investigated the effects 

of nortriptyline on appetitive learning both in rats whose 

mothers had received the drug during pregnancy and in the 

acute administration setting. 

In the present study, the mode of transmission of 

nortriptyline was studied using three experimental groups. 

The Acute group illustrated the effects of nortriptyline 

when it was administered directly to the organism by 

injection. The Prenatal group showed whether there was 

any effect on the offspring if the mother was chronically 

administered the drug throughout pregnancy. The Weaned 

group illustrated the effects of nortriptyline on offspring 

when the mother was given the drug throughout pregnancy and 

the weaning period. Finally, a Control group was used to 

show the normal rate of spontaneous activity and learning 

in the Holtzman rat. 
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As Latz et al. (1967) have pointed out, the majority 

of antidepressant studies involving learning center around 

amphetamines, an older group of drugs than the tricyclics. 

However, since the amphetamines often exaggerate undesirable 

behaviors, they have fallen into disrepute (Rech & Moore, 

19 71), and a recent survey of psychotropic agents (Anton, 

1968) does not even discuss the amphetamines in its anti

depressant drug section. Hopefully, the two proposed 

studies would direct attention toward the tricyclic anti

depressants, which are in widespread use today (Lennard, 

Epstein, Bernstein, & Ransom, 1971) and answer some ques

tions about the result of the action between fetus and 

drug, however subtle an interaction that might be. 



CHAPTER II 

METHOD 

Subjects 

The subjects (£s) were 28 offspring of 14 Holtzman 

albino rats, randomly chosen from 52 available pups. Of 

the 2 8 £s, 9 were females and 17 were males. Each £ was 

about 47 days old at the beginning of Study I and 96 days 

old at the beginning of Study II. 

Apparatus 

The drug administered was the pure experimental form 

of nortriptyline hcl, supplied by Eli Lilly Company. The 

mothers and offspring were weighed on a Hanson model 14 40 

dietetic scale. The drug and sucrose solutions were mea

sured out in a 5 cc. Plastipak syringe. The drug and saline 

solutions were injected with a 5/8 inch, 25 gauge Yale 

disposable stainless steel needle attached to a Plastipak 

syringe. The saline solution was .9% NaCl manufactured by 

Cutter Laboratories. 

The Ss were tested on a square open field maze 

measuring 91.5 cm. on the sides and having walls 22.3 cm. 

high. Thirty-six squares 15.25 cm. on the sides were 

painted on the fiberboard floor, with light green and black 

squares alternating in a checkerboard fashion. The light 

green squares were also numbered in black. 

10 
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The curiosity objects were three bundles of brightly 

colored embroidery thread suspended from a thread 2 cm. 

above a black curiosity platform which covered the four 

center squares of the open field during the curiosity 

trials. The platform was attached to four type Z micro-

switches manufactured by Micro. The microswitches acti

vated a Precision cumulative timer accurate to one-tenth 

of a second when the platform was depressed by the weight 

of a rat. In its nonactivating position, the platform was 

elevated not more than 1 cm. from the surface of the open 

field. 

The running wheel was 35.55 cm. in diameter and made 

by the Wahmann Manufacturing Company. It had a five-digit 

counter to record the number of revolutions. 

The multiple-T maze was made of plywood and painted 

black. The start and goal boxes measured 20.3 cm. x 30.5 

cm. The maze had five choice points with alternating right 

and left turns. All stems and arms were 30.5 cm. long, and 

each wrong turn culminated in a cul-de-sac 10.2 cm. deep by 

30.5 cm. long. The maze had walls 10.2 cm. high and the 

top was covered with panels cut from yellow transparent 

plastic. A line was painted on the plastic cover over each 

arm 10-2 cm. from the center of the intersection to serve 

as an error guide. 
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During the activity study (Study I) the testing room 

was dimly illuminated by two 250 watt infrared lamps with 

frosted sides. The lamps were suspended about 1 meter above 

the floor, facing downward. The lamps were about 2 1/2 

meters from the testing area. During the learning study 

(Study II) the room was illuminated by four fluorescent 

ceiling lights which were about 1 1/2 meters above the maze. 

They illuminated the entire maze in a uniform manner, thus 

eliminating the need for a light diffusion device. 

Procedure: Preliminary 

Fourteen pregnant rats were housed in separate 

breeding cages. The five controls were fed and watered 

normally during pregnancy. The nine drugged rats were fed 

normally, but for 8 hours per day they had available 

nortriptyline hcl in a 16% sucrose solution providing 

for a daily intake of 15 mg./kg. nortriptyline. They 

were given ordinary water for the remaining 16 hours 

daily. The rats began their treatments 96 hours after 

their arrival in the lab at five days pregnant. The 

controls received 15 mg./kg. of sucrose solution daily 

in addition to their regular water until the 22nd day of 

pregnancy. Five of the drugged rats received the drug 

until the 22nd day of pregnancy. The remaining four 

received the drug until the offspring were 21 days old. 
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At 2 5 days, the neonates were taken from their mothers 

and housed in individual cages. Twenty-eight rats were then 

randomly selected to be experimental animals and assigned to 

the following groups: Control, born of control mothers; 

Acute, born of control mothers; Prenatal, born to mothers 

receiving the drug until the 22nd day of pregnancy; Weaned, 

born to mothers receiving the drug until the pups were 21 

days old. 

Each neonate was given an i.p. injection 15 minutes 

prior to its activity and learning trials. The Control, 

Prenatal, and Weaned rats were given .5 cc. of .9% NaCl 

solution, while the Acute rats were given 15 mg./kg. of 

nortriptyline in distilled water. Just prior to its first 

i.p. injection, each S_ was weighed. Thereafter, only the 

Acute £s were weighed to determine the proper drug dosage 

levels. The other three groups received .5 cc. of salir.e 

regardless of their individual weights. 

Procedure: Study I 

When the neonates were 4 7 days old, they were tested 

in three behavioral situations involving spontaneous motor 

activity. 

One testing situation consisted of slowly placing the 

S, hind feet first, in a corner of the open field and con

tinuously recording the number of squares entered for three 
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minutes. A square was scored as entered only if the £ had 

placed all four feet in it. 

The black platform was placed over the center of the 

open field and the curiosity thread was suspended above it 

prior to curiosity testing. The S_ was placed in a corner 

square hind feet first and facing the center. The £ 

remained in this stimulus environment for three minutes, 

and the cumulative timer was activated by the microswitches 

whenever the S_ climbed on the platform to investigate the 

bundles of thread. The total number of seconds as recorded 

by the cumulative timer was recorded as the measure of 

curiosity behavior. 

Running activity was measured by confining the £ in a 

running wheel for ten minutes and counting the total number 

of revolutions during that period. 

All 28 neonates were tested each day for 6 days in 

succession. The order of the tests was the same for all 

£s on a given day, but the tests were presented in a dif

ferent order each day. The Ŝs were randomly ordered each 

day so that time of day and order of testing would not 

produce an effect. 

Procedure: Study II 

When the neonates were 84 days old, they were goal 

box trained in the multiple-T maze by being placed in the 
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goal box and allowed access to a 20% sucrose solution. 

The Ŝ  was removed from the goal box when it had drunk the 

solution for 10 seconds. Each £ was given three training 

sessions at 22, 20, and 16 hours of water deprivation, 

respectively, so that the £s could learn the nature of 

the reinforcement before acquisition was begun. 

The neonates were randomly assigned to four squads of 

seven each to comprise two half-replicates for the learning 

trials. Squads 1 and 2 were placed on a 22 hour food and 

water deprivation schedule for 7 days while Squads 3 and 4 

were continued on ad lib food and water. At 96 days. 

Squads 1 and 2 began their learning trials. Squad 1 was 

tested from 9:00 to 11:00 A.M. and fed from 11:00 A.M. to 

1:00 P.M. daily, while Squad 2 was tested from 1:00 to 3:00 

P.M. and fed from 3:00 to 5:00 P.M. daily. The £s were 

randomly ordered within their squads each day to counteract 

possible order effects and control for slight variations in 

deprivation level. Squads 1 and 2 were sacrificed upon 

reaching criterion, whereupon Squads 3 and 4 were then 

deprived and tested in an identical manner. 

The learning trials began 15 minutes after the £' s 

injection. The £ was placed in the start box and was 

confined there for 10 seconds before the door was opened 

to permit running. Only five errors were possible, regard

less of the amount of retracing which occurred. A choice 
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was scored as an error or nonerror at the £'s first 

exposure to it. An error was counted if the S_ placed its 

head and forepaws beyond the error guide line. 

Analysis of the Data 

All of the activity data from Study I were analyzed 

separately by repeated measures analysis of variance, 

split plot design (Kirk, 1968). When significant differ

ences were found, they were further analyzed by using 

Tukey's HSD Test (Kirk, 1968). 

Running speed data from Study II were analyzed using 

repeated measures analysis of variance, split plot design, 

for the first 3 days of training (when two £s had already 

met criterion), and again for the entire 10 days of trainirg 

(which included the averaged scores of £s which had met 

criterion as the study progressed). The number of trials 

to criterion were analyzed by using a one-way analysis of 

variance. Post-F comparisons were made, when necessary, 

using Tukey's HSD Test. 

-a^ .~i ^al 



CHAPTER III 

RESULTS 

Study I 

Figure 1 shows the average number of squares entered 

in the open field maze for six daily three minute periods. 

As Table 1 indicates, there was a significant difference 

found using repeated measures analysis of variance between 

both groups (F=7.0172,3,24,p<.01) and days (F=19.0195, 

5,120,p<.01). Table 2 summarizes the between groups 

differences. The Weaned group was found to exhibit sig

nificantly more open field activity than the Acute group, 

and the Prenatal group also exhibited more open field 

activity than the Acute group. Although there was a stronc 

tendency for the Weaned group to exhibit more open field 

activity than the Controls, this fell just short of signif

icance (the HSD yielded was -3.57, and 3.90 is required 

for significance at the .05 level). The Control group was 

not found to be significantly different from either the 

Acute or the Prenatal groups. The Prenatal group was not 

significantly different from the Weaned group in open field 

activity. 

Tukey's HSD Test was conducted comparing means over 

days for open field data, and the results indicate that 

there was a general acceleration of activity over the first 

3 days, suggesting a practice effect. On Days 4 and 5, 

17 
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TABLE 1 

REPEATED MEASURES ANALYSIS OF VARIANCE FOR OPEN 
FIELD ACTIVITY, MEASURED IN NUMBER OF SQUARES 

ENTERED IN A THREE MINUTE TIME PERIOD 

Source df Mean Square 

Treatment (A) 
S (A) 
Days (B) 
S (AB) 
A X B 

3 
24 
5 

120 
15 

7827.000 
1115.400 
8436.650 
443.579 
587.450 

7.0172* 

19.0195* 

1.3244 

*Signifleant beyond the .01 level. 

TABLE 2 

MATRIX OF SIGNIFICANT DIFFERENCES YIELDED IN 
TUKEY'S HSD TEST AMONG MEANS OF GROUPS 

FOR OPEN FIELD DATA 

Mean Number 
of Squares 
Entered 

Control Acute Prenatal Weaned 

Control= 
88.429 

2.59 -1.92 -3. 57 

Acute= 
75.072 

-4.51* -6.17** 

Prenatal= 
98.310 

-1. 66 

Weaned= 
106.833 

df=4,24 
•Significant beyond the .05 level 

**Signifleant beyond the .01 level 
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the activity level dropped to almost the level of the first 

day, indicating possible adaptation. On Day 6, the activity 

level rose again dramatically, suggesting a type of spon

taneous recovery. 

Figure 2 shows the average seconds of contact with 

curiosity stimuli for six daily three minute periods. 

Table 3 shows the results of repeated measures analysis of 

variance for curiosity behavior. No significant differences 

were found among groups for the 6 day period. A significant 

difference was found among days (F=31.7534,5,120,p<.01), and 

the shape of the graph in Figure 2 indicates a general 

increase in contacts over days, which was supported by the 

results of the Tukey HSD comparisons. The curiosity activ

ity showed much the same pattern over days as the open field 

activity. There was an acceleration of curiosity behavior 

over the first 3 days, a depression of activity on the 

fourth and fifth days, and a return to a high rate of 

response on the sixth day. 

Some of the experimental literature on the novelty 

response in rats noted a decrease from one daily session 

to the next, while other researchers have reported an 

increase over daily sessions (Berlyne, 1960). Due to the 

fact that it was difficult from the shape of the curiosity 

curve obtained to determine exactly what was being measured 

over all 6 days, it was decided to analyze separately the 
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TABLE 3 

REPEATED MEASURES ANALYSIS OF VARIANCE FOR CURIOSITY 
BEHAVIOR, MEASURED IN NUMBER OF SECONDS IN 
CONTACT WITH STIMULUS OBJECTS DURING A 

THREE MINUTE TIME PERIOD 

Source df Mean Square 

Treatment (A) 

S (A) 

Days (B) 

S (AB) 

A X B 

3 

24 

5 

120 

15 

7955.210 

3862.990 

25219.000 

794.214 

598.917 

2.0594 

31.7534* 

0.7541 

*Signifleant beyond the .01 level. 

first 2 days of curiosity behavior. Analysis of variance 

was conducted on the first 2 days of curiosity data, and 

a significant difference among groups was found (F=4.2 84 4, 

3,24,p<.05). Table 4 summarizes the results of this 

analysis. Tukey's HSD Test was conducted on the groups, 

and Table 5 presents the matrix of significant differences, 

The Weaned group was significantly more curious than the 

Acute group at the .05 level, spending more time with the 

stimulus objects than the Acute group. The Weaned group 

tended to be more curious than the Control and Prenatal 

groups, but did not reach the required level for signifi

cance at .05. The Control HSD yielded was -3.5235 and the 
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TABLE 4 

ANALYSIS OF VARIANCE FOR THE FIRST TV70 DAYS OF 
CURIOSITY DATA, MEASURED IN NUIvIBER OF SECONDS 

IN CONTACT WITH STIMULUS OBJECTS DURING A 
THREE MINUTE TIME PERIOD 

Source df Mean Square 

Treatment (A) 
S (A) 
Days (B) 
S (AB) 
A X B 

3 
24 
1 
24 
3 

3596.800 
839.512 
326.445 
115.271 
222.805 

4.2844* 

2.8320 

1.9329 

Significant beyond the .05 level. 

TABLE 5 

MATRIX OF SIGNIFICANT DIFFERENCES YIELDED IN 
TUKEY'S HSD TEST AMONG MEANS OF GROUPS FOR 

THE FIRST TWO DAYS OF CURIOSITY DATA 

Mean Number 
of Seconds Control Acute Prenatal Weaned 
of Contact 

Control= - 1.2996 - .0139 -3.5235 
17.664 

Acute= - -1.3135 -4.8231* 
7.600 

Prenatal= - -3.5096 
17.772 

Weaned= — 
44-950 

df=4,24 
*Signifleant beyond the .05 level. 
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Prenatal HSD yielded was -3.5096, while 3.90 is the value 

required for significance at the .05 level. 

Figure 3 shows the average number of revolutions 

while confined in a running wheel for six daily ten minute 

sessions. As Table 6 indicates, there was no significant 

difference among groups and no evidence of a trend toward 

a difference. There was a reliable change over days 

(F=29.4286,5,120,p<.01). Tukey's HSD Test confirmed the 

findings shown in Figure 3. The shape of the graph in 

Figure 3 is markedly different from the shapes of the 

graphs in Figure 1 and 2, which have similar profiles. 

TABLE 6 

REPEATED MEASURES ANALYSIS OF VARIANCE FOR 
RUNNING WHEEL ACTIVITY, MEASURED IN 

NUMBER OF REVOLUTIONS IN A TEN 
MINUTE TIME PERIOD 

Source df Mean Square F 

Treatment 
S (A) 
Days (B) 
S (AB) 
A X B 

(A) 3 
24 
5 

120 
15 

106.370 
862.255 

2699.850 
91.742 
63.228 

0.1234 

29.4286* 

0.6892 

*Signifleant beyond the .01 level. 
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Study II 

Table 7 gives the mean number of trials to learning 

criterion for each of the four groups. Table 8 summarizes 

the results of the simple analysis of variance of trials 

to criterion among groups. No significant differences were 

found among groups (F=l.139,3,24), probably because of the 

great amount of inter-subject variability. 

Figure 4 illustrates the mean response time, measured 

in seconds, in the multiple-T maze for the four groups over 

a 10 day period. Only two £s had to be run for 10 days; 

the majority met criterion by Day 7 or 8. To simplify the 

analysis over 10 days, the average number of seconds on 

the two criterion days was used as the daily score for all 

£s that met criterion in less than 10 days. Table 9 

sximmarizes the split plot factorial analysis of variance 

of running speed over 10 days of acquisition, including the 

averaged speeds of all £s that met criterion in less than 

10 days. There was no significant difference among groups 

(F=l.4341,3,24). A significant decrease in latency was 

found over days (F=18.9232,9,216,p<.01), which was the 

expected result of learning. A significant difference was 

also found over trials (F=6.0477,4,96,p<.01), indicatinq 

that running speed decreased over trials within days. A 

reliable days by trials interaction was found (F=4.1644, 

36,864,p^.01), indicating that running speed did not follow 

a consistent daily pattern. 
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TABLE 7 

MEAN NUMBER OF TRIALS TO CRITERION FOR GROUPS 
IN THE MULTIPLE-T MAZE 

Group Mean 

Control 37.000 

Acute 30.714 

Prenatal 31.572 

Weaned 26.572 

TABLE 8 

SIMPLE ANALYSIS OF VARIANCE OF TRIALS TO 
CRITERION AMONG GROUPS 

Source df Mean Square F 

Treatment (A) 3 128.733 1.139 

S (A) 24 113.033 

Since two £s met criterion on Day 3, it was decided 

to analyze the first three days of acquisition separately 

since those data would not be "contaminated" by averaged 

scores of Ss that had already met criterion. Figure 4 

shows what appeared to be striking differences among the 

groups on the first 3 days, but analysis of variance of 

this data, as summarized in Table 10, yielded findings 

essentially the same as the analysis of all 10 days of data 
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TABLE 9 

SPLIT PLOT FACTORIAL ANALYSIS OF VARIANCE OF 
RUNNING SPEED OVER TEN DAYS OF ACQUISITION 

Source 

Treatment 
S (A) 
Days (B) 
A X B 
S (AB) 
Trials (C) 
A X C 
S (AC) 
B X C 
A X B X C 
S (ABC) 

*Sign 

(A) 

ifleant 

df 

3 
24 
9 

27 
216 

4 
12 
96 
36 

108 
864 

beyond the .01 

TABLE 

Mean Square 

6988.316 
4872.886 

25468.712 
1868.909 
1345.896 
1662.903 
285.377 
274.965 

1402.358 
309.608 
336.749 

level. 

10 

F 

1.4341 

18.9232* 
1.3886 

6.0477* 
1.0379 

4.1644* 
0.9194 

SPLIT PLOT FACTORIAL ANALYSIS OF VARIANCE OF 
RUNNING SPEED ON THE FIRST THREE DAYS 

OF ACQUISITION 

Source df Mean Square 

Treatment (A) 
S (A) 
Days (B) 
A 
S 

X B 
(AB) 

Trials (C) 
A 
S 
B 
A 
S 

X C 
(AC) 
X C 
X B X C 
(ABC) 

*Significant beyond the 

3 
24 
2 
6 

48 
4 

12 
96 
8 

24 
192 

the 

12183.727 
9667.450 

17216.217 
3625.753 
2591.286 
3404.496 
548.590 
717.721 

5136.854 
1065.331 
978.013 

.01 level. 

1.2603 

6.6439* 
1.3992 

4.7435 
0.7644 

5.2523* 
1.0893 
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To summarize, the Weaned and Prenatal groups were 

more active than the Acute group in the open field maze. 

The Weaned group also spent more time in contact with the 

stimulus objects on the first 2 days of testing than the 

Acute group in the curiosity situation. No differences 

were found among groups for the running wheel data. There 

was an increase in activity over days for all activity 

trials, but the open field and curiosity curves were a 

different shape from the running wheel curve. No differ

ences were found among groups in the learning phase when 

both number of trials to criterion and running speed over 

3 and 10 day periods were analyzed, although latencies 

decreased over days and trials. 



CHAPTER IV 

DISCUSSION 

Study I 

The Weaned group received a prenatal drug treatment 

virtually identical to that of the experimental neonates 

in the Crane and Cogan (1972) study. Yet the Weaned group 

in the present study showed a tendency toward hyperactivity, 

in contrast to the hypoactivity evidenced by the similarly 

treated rats of the earlier study. The discrepancy may 

have been the result of several modifications introduced 

in the present study which were not present in the earlier 

study. First, seven £s per group were used instead of 

three, yielding a better estimate of average performance. 

Second, the activity trials were separated by 24 hours 

instead of 3 days as in the earlier study, possibly per

mitting practice effects and habituation to play a role 

in the Ss' reactions to the various situations in the 

present study. Third, there were modifications in the 

curiosity and running wheel activities which may have 

changed the character of the measure being taken. These 

are discussed in detail in later sections. 

The Weaned and Prenatal groups exhibited significantly 

more open field activity than the Acute group, and the 

Weaned group tended toward reliably more activity than 

31 
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the Controls as well. The increased open field activity 

of the Weaned group became apparent on the second day of 

testing and persisted throughout testing. The increased 

open field activity of the Prenatal group was less marked, 

and did not become evident until the third day of testing. 

The Acute group exhibited less open field activity than the 

Controls, but the fact that the difference was not signifi

cant is not surprising due to the prevalence of equivocal 

results in the literature with respect to the effects of 

the tricyclic antidepressants on activity (Souskova & 

Votava, 1962; Owen & Rathbun, 1966; Meltzer & Fox, 1971). 

Although no significant differences were found among 

groups over 6 days of curiosity testing, the Weaned group 

was significantly more curious than the Acute group on the 

first 2 days of testing, and tended to show more curiosity 

than the Control and Prenatal groups as well. Again, the 

data for the £s in the Weaned group are opposite in direc

tion to the trend exhibited in the Crane and Cogan (19 72) 

study. The curiosity stimulus and apparatus for measuring 

approach were altered a great deal for the present study, 

and it is possible that these changes themselves reversed 

the direction of the findings. The curiosity stimulus in 

the earlier study was a small (7 cm. tall), rigid, plastic 

toy with which none of the £s spent much time in contact 

during the 5 minute exposure period. In the present study, 
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the stimulus consisted of several bundles of thread hanging 

from a string. Thus, the stimulus was larger, more complex, 

and perhaps more interesting due to its movement when 

manipulated by the £. A number of Ss engaged in what might 

qualitatively be termed "play behavior" with the objects 

after the second day. In addition to these alterations, 

the amount of time in contact with the stimulus was measured 

by an automatic timing device presumably more accurate than 

the hand-held stopwatch used in the earlier study. 

Many §s (except those in the Weaned group) avoided 

the stimuli and platform for the first 2 days, possibly 

indicating fear rather than disinterest. By the third day, 

most of the Ŝs from the other groups spent some time in 

contact with the objects, but the Weaned Ŝs averaged about 

116 out of 180 possible seconds in contact with the platfoi.n 

and bundles of thread. The findings of the curiosity tria"' ^ 

in this study may be interpreted in two different ways. 

It is possible that the activation of the curiosity plat

form by the Weaned £s was a natural outgrowth of their 

previously demonstrated hyperactivity in the open field. 

On the other hand, it could be that £s in the Weaned group 

were more sensitive to their environment, and their curi

osity overcame any early avoidance tendencies. Further 

research might be designed to determine which of these 

hypotheses is tenable. 
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No significant differences were found among groups 

for running wheel activity, and this finding is also in 

conflict with the results of the Crane and Cogan (19 72) 

study. Procedural changes could have produced the disparate 

results. First, the testing time was lengthened to 10 min

utes in order to obtain a more reliable and stable measure 

of running. Second, and perhaps more critical, the £s 

were confined in the running wheel itself in the present 

study, rather than being placed in a cage adjoining the 

running wheel and allowed to choose whether or not to run 

in the wheel as they were in the earlier study (Crane & 

Cogan, 1972). Motivational variables could possibly be 

investigated in future research using confined and uncon-

fined running paradigms. 

Study II 

No significant differences were found among groups 

for the learning task, using either the trials to criterion 

measure or the latency measure. The Weaned group tended to 

have shorter latencies and fewer trials to criterion, but 

as the analysis of variance indicated, the behavior of the 

older neonates was highly variable. If one examines the 

mean number of trials to criterion as presented in Table 7, 

the raw data show the fastest learning on the part of the 

Weaned ^s (26.57 trials to criterion) and the slowest 

learning on the part of the Control £s (37.00 trials to 
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criterion). The Acute and Prenatal groups fell between 

the other two groups and were very similar to each other. 

Although the learning criterion was relatively severe 

(four out of five errorless trials on two consecutive days), 

all of the £s met criterion by the 50th trial. This rapid 

learning was probably due to the configuration of the maze, 

which coincided with the rats' natural tendency toward 

spontaneous alternation (Dember & Fowler, 1958). A more 

accurate appraisal of learning ability might be achieved 

using a random sequence of turns. 

The results of the learning study disagree with the 

general findings of Latz et al. (1967) that acute tricyclic 

antidepressant administration both slows learning time and 

learning performance. The graph in Figure 4 indicates that 

by the fourth day, the Acute £s took less time than the 

Controls in running the maze. In addition, the Acute grou: 

also met criterion earlier than the Control group, although 

none of these differences were reliable in a statistical 

sense. Thus it appears that neither acute nor prenatal 

administration of nortriptyline impairs maze learning 

acquisition or running speed. 

Conclusions 

In both the activity and learning trials, the Weaned 

group exhibited some degree of increased performance. In 

addition, the Prenatal group was more active than the A.-.:tc 
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group in the open field. Although the performance of the 

Weaned group in the present study was in marked contrast 

to the performance of a similar group in an earlier study 

(Crane & Cogan, 19 72), the data from the present study can 

be considered a better estimate of the behavior of £s 

treated with nortriptyline directly or indirectly. Imi

pramine and desmethylimipramine have been demonstrated in 

animals to cross the placenta in large amounts, and 

amitriptyline in small amounts (Ginsburg, 19 71). The 

greatest effect in this study, however, was observed in 

the group which could only have ingested the drug through 

the mother's milk after birth. Young and Klepinger (1966) 

found that epinephrene causes an increase in open field 

activity, as does stress caused by rotation. Since the 

tricyclics are hypothesized to potentiate norepinephrene 

and dopaminergic action in the body (Offermeier & Potgiete:, 

1969; Rech & Moore, 1971), the behavioral results of the 

present study might be expected to be as found. It may 

be that this potentiation interferes with the neonate's 

ability to properly metabolize these neurotransmitters, 

causing a biochemical stress reaction in the neonate v;hich 

leads to an increased sensitivity to the environment and 

some resulting hyperactivity. The results of the present 

study support this speculation and clearly indicate the 

need for further research. 



CHAPTER V 

SUMMARY 

A study was undertaken to assess the long-term 

behavioral effects of nortriptyline on the offspring 

of drugged mothers in comparison with normal and acutely 

drugged neonates. Fourteen pregnant rats were divided 

into three groups and given treatments as follows: the 

Controls had a normal pregnancy, the Prenatal mothers 

were given nortriptyline orally until the 22nd day of 

pregnancy, and the Weaned mothers were given nortriptyline 

orally throughout pregnancy and the 21 day weaning period. 

The Control mothers furnished seven Control neonates (no 

treatment) and seven Acute neonates (injected with nortrip

tyline at the time of testing), Seven Prenatal neonates 

and seven Weaned neonates also comprised the group of neo

nates to be tested. 

At 47 days, all 28 neonates were tested for six 

consecutive days in spontaneous activity tasks involving 

open field behavior, curiosity behavior, and running wheel 

activity. The Weaned neonates exhibited significantly 

more open field activity than the Acute neonates, and in 

addition, they tended to be more active than the Controls. 

There was an increase over days in open field activity for 

all groups. The Weaned neonates evidenced significantly 
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more curiosity on the first 2 days of testing than the 

Acute neonates, and again tended to be more curious than 

both the Control and Prenatal neonates. No significant 

differences were found among groups when measured over all 

6 days, but there was a general increase in curiosity 

behavior over days similar to the increase in open field 

activity. No significant differences were found among 

groups for running wheel behavior. An increase in running 

wheel activity was evidenced by all groups over days. 

At 96 days, the 28 neonates were tested on a learning 

task in a multiple-T maze. Each £ was on 22 hour food and 

water deprivation, and ran the maze daily in five massed 

trials for a sucrose solution reward. All £s were tested 

daily until they reached criterion, four out of five 

errorless trials on two consecutive days. Trials to crite

rion and running time were recorded, but no significant 

differences were found among groups for either measure. 

The Weaned group exhibited a general hyperactivity 

in both the activity and learning trials, although this 

tendency was not statistically reliable in the learning 

study. The increased activity level of the Weaned Ŝs was 

in opposition to the findings of a pilot study (Crane & 

Cogan, 1972) using similarly treated neonates, but the 

present study is thought to be more reliable due to its 

larger experimental population. It could not be concluded 
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from this study that nortriptyline crosses the placenta 

during pregnancy. However, it was noted that the neonates 

receiving the drug from the mother's milk were more active 

than the other neonates, and this supports the hypothesis 

that nortriptyline causes a biochemical stress reaction in 

immature rats. 
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