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CHEAL, M L Attention and habituation Catecholamine interactions and sex differences PHARMAC BIOCHEM

BEHAYV 16(3) 377-385, 1982 —Norepinephrine (NE)-dopamine (DA) interactions in mediation of long-term habituation
were tested using the stimulus-elicited investigation paradigm Systemic injections of clonidine hydrochlonde (CLON), an
a-adrenergic receptor agonist, given before apomorphine (APO) (1 mg/kg SC). a DA receptor agonist, prevented APO-
induced disruption of the duration measure of habituation 24-hr later A lower dose was effective i female gerbils than that
required for male gerbils suggesting that females are more sensitive to the effects of clonidine In addition, apomorphine

with or without CLON (0 01 mg/kg), increased locomotor activity in male gerbils but reduced activity in female gerbils The
same dose of CLON that prevented APO-induced disruption of 24-hr habituation did not reverse APO-induced reduction of
investigation of an object or an odor, or APO-induced changes in activity Neither CLON nor desmethylimipramine, a
blocker of NE reuptake, had any selective effects on investigation of novel stimuli or short-term habituation showing that
relative NE-DA activity can be disrupted without interfering with the behavior However, CLON interfered with the
frequency measure of long-term habituation n male gerbils but not i female gerbils at any dose used (0 01-0 3 mg/kg)

The data suggest important sex dependent NE-DA 1nteractions in mediation of long-term habituation
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NOREPINEPHRINE (NE) and dopamine (DA) pathways
have been proposed to **play critical roles 1n numerous basic
survival-related activities " {2] Evidence was cited of
an interaction of these systems in motor activity, avoidance
behavior, aggression, electrical self-stimulation of the brain,
and eating behaviors Attention and habituation to novel
stimuh can be thought of as ‘‘survival-related activities’” be-
cause approaches to stimuli 1n the environment are a neces-
sary part of localization of food, sexual partners, and possi-
ble predators The stimulus-elicited investigation paradigm
[6,11] offers a unique experimental, ethological method to
study the neural mediation of attention and habituation This
paradigm provides multiple measures within the same
ammmal Duration and frequency are recorded of (1) imtial
mvestigation of simple stimuli, a measure of awareness of
stimuli, (1) subsequent habituation (as defined by Thompson
and Spencer [40]), reflecting selectivity of responding and a
simple form of memory, and (m) dishabituation, which occurs
m this paradigm when the stimulus 1s moved, providing a
control for adaptation or sedation The relative frequency and
duration measures allow inferences as to the maintenance
of attention [10] In addition, 1t is possible to test for bothr
short-term and long-term habituation because normal
ammals can show habituation after intervals from 60 sec up
to 4 weeks [11] Therefore, 1t 1s possible to give a drug treat-
ment and either test for habituation immediately, or wait and
test for memory (in the form of habituation) after the acute
effects of the drug are past

I postulated earlier [8] that DA and NE may be involved
in selective investigation of, and habituation to, novel stim-
ult Stimulating DA receptors with apomorphine (APO) re-
sulted in a disruption of habituation to novel stimuli either
within a 20 mun test [7] or 24 hr later [8] If the amimals were
habituated prior to drug treatment, habituation continued
after APO treatment, showing that retrieval of memory was
intact The DA receptor blocker, pimozide, prevented the
disruption of 24-hr habituation, indicating DA mediation of
the apomorphine effect In contrast, amphetamine, except at
very high doses, did not disrupt the behavior [5,8] One of
several possible explanations for the difference n the effect
of APO and amphetamine on this behavior was the influence
of amphetamine, but not apomorphine, on NE [8]

To test the hypothesis of the necessity of relative NE-DA
activity, mvestigation and habituation were observed In
gerbils given systemic injections of NE agonssts, clomidine
(CLON) or desmethylimipramine (DMI), or of CLON plus
APO If relative DA-NE activity are necessary for normal
attention and habituation, then NE agonists should disrupt
the behavior, but combining a NE agonist with a DA agomst
should result in normal habituation Obviously this simplistic
hypothesis 1s complicated by the mntricacies of drug action, a
problem that 1s addressed 1n the discussion The hypothesis
was supported 1n an earlier report 1 which 1t was shown
that a small dose of CLON blocked disruption of habituation
by APO [9]

An additional hypothesis that was tested 1n this paper was
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based on the growing body of data on the role of sex sterords
in catecholamine function [14,19] To determine whether
there were sex differences in response to drug treatment, the
effect of sex on each behavioral measure was assessed

METHOD
Ammals

Male and female Mongolian gerbils (Meriones un-
guicularus) were born n the laboratory from stock primarily
derived from Tumblebrook Farms, West Brookfield, MA
After weaning, the gerbils were maintained in groups of 5-11
of the same sex in glass cages (31x61x32 cm) on a 14 10
light dark cycle with food and water continuously available
At testing at approximately 15 wks of age, the gerbils weight
varied from 44-102 g

Apparatus

Tests were conducted in a 30x45 cm semi-circular white
plastic arena set into a glass aquarlum The semu-circular
design, chosen to make the entire arena within the gerbil s
visual field [13,22], minimized competing stimuli A sohd
floor was used for the object test and an interchangeable
floor with two or five holes was used for the odor test The
apparatus was washed with water between animals 1n order
to remove any concentrated areas of animal odor without
mtroducing other, possibly distracting odors An illustration
of the apparatus was published previously [6]

Procedure

To gentle the gerbils and to adapt them to the apparatus,
they were handled daily for 9 or 14 days, placed in the appa-
ratus in groups for ten minutes on each of the three days
preceeding the tests, and separately given three adaptation
trials prior to testing This preliminary adaptation 1s neces-
sary i order to focus the investigatory behavior on the novel
stimulus [6,11] The adaptation trials were conducted just as
the test tnals, but with no stimulus present in the arena The
tests were conducted 1n the stimulus-elicited mvestigation
paradigm [6,11] with 30-60 seconds between trials except
where stated otherwise The drop door was opened, the
gerbil ran 1n, the door was closed and then reopened 60
seconds later to allow the gerbil to run out If the gerbil did
not readily run through the door, the experimenter gently
directed him towards the opening

For the object test, magnets held an orange cup on the
wall of the arena Licking, sniffing, and biting of the cup by
the gerbil were recorded by two observers, at least one of
whom did not know the drug treatment Duration was timed
either with a stopwatch or by manually operated switches
that recorded directly on a Radio Shack computer For the
odor test, soiled shavings taken from a cage of adult strange
male gerbils were hidden under one of two or five holes in
the floor The hole with odor was counterbalanced across
antmals The trials were filmed at 4 frames per second with a
Super 8 movie camera Later, the number of frames in which
the gerbil’s nose was poked into each hole was recorded by
an observer who knew neither the hole with the odor nor the
drug treatment of the gerbil From the number of frames, the
frequency and estimated duration of nose poking for each
hole were obtamned For two tnals, the film was projected
onto a grid to determme the number of times the gerbil's
head crossed a line of the grid This count furmshed a loco-
motor activity score [5]

CHEAL
TABLE 1
INJECTION AND TESTING SCHEDULE EXPERIMENT 2
Trials
Injections Exposure Condition Day 1 Day 2
CLON and NaCl*  Exposed 1 2-6
Nonexposed — -6
CLON and APO* Exposed 1 2-6
Nonexposed — 1-6

*Clonidine hydrochlonde (0 (n=44), 0 01 (n=16) 0 03 (n=29), 0 3
(n=16) mg/kg) 40 min preadaptation sodrum chloride (0 99%) 10 min
preadaptation

tClomidine hydrochloride (0 (n=17), 0 01 (n=16) 0 03 (n=27),03
(n=16) mg/kg) 40 min preadaptation, apomorphine hydrochlonde
(1 0 mg/kg), 10 min preadaptation

Experniment [, Short intertrial intervals, clonidine or des-
methyhmipramme Gerbils were mjected SC with a full
range of doses of either clomdine hydrochloride (CLON)
(Catapres®, Boehringer Ingelheim Ltd ) or desmethylimip-
ramine (DMI) (Geigy) 5 muin or 40 mun, respectively, prior to
adaptation tnials Times were chosen based on times when
behavioral responses were found 1n rats, such as effects on
avoirdance behavior [25] Immediately following adaptation
5 tnals were given with the cup on the left and then a trial
with the cup on the right side of the arena The object test
was followed immediately by 5 tnials for responses to strange
male odor hidden under one of 5§ holes The adaptation and
testing tnals (object-elicited investigation and odor-elicited
investigation) were concluded in approximately 35 min

Experiment 2, Long ntertnial mntervaly, clomdine and
apomorphine  Gerbils were njected SC using a range of
doses of CLON and either 1 mg/kg apomorphine hydro-
chloride (APO) (Merck), calculated as the salt, or
saline This dose of apomorphine was chosen because 1t dis-
rupted 24-hr habituation previously even though the gerbils
spent 11-12 sec investigating the cup following drug injection
[8] See Table ! for the sequence of injections and trials Ten
minutes after the second injection, the gerbils were given
three adaptation trials Half of the gerbils in each drug group
were then given one 60-sec trial with the cup on the left side
of the arena The gerbils were returned to the home cage and
tested again the next day The gerbils that had been exposed
to the cup on Day 1 received 4 additional trials with the cup
on the left on Day 2, and one tnal with the cup on the nght
side of the arena Those gerbils that had not seen the cup on
Day 1. recetved 5 trials with the cup on the left and one trial
with the cup on the night on Day 2

Experniment 3 Investigation of odors clonmdine and
apomorphine  Gerbils were mjected with CLON (0 01
mg/kg) or saline Thirty mun later half of each group were
mjected with APO (1 0 mg/kg) and half with saline This dose
of CLON was used because 1t appeared to block the APO-
mduced disruption of 24-hr habituation 1n preliminary work
[9]. and because of sex differences found in Expenment 2
Twelve min after injection the 2-hole odor test was given
One tnial was given with no particular odor under the holes
Then five trials were given with strange male odor under one
hole
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FIG 1 Experiment 1, object-elicited investigation, clomdine

Dose/response characteristics of investigation of a cup by gerbuls
following injection of CLON on tnals 1 (solid symbols) and 2 (open
symbols) Mean duration (sec) and frequency (number of ap-
proaches), bars indicate SE Number of gerbils per group 1s indi-
cated by small numbers above dose Significant decrease on Trial 2
indicated by *p<<0 05 **p<0 01 **¥*p<0 001

Data Analysis

Analysis of variance with repeated measures was com-
puted using Biomedical Data Program package (BMDP 2V)
Each measure (duration, frequency, activity scores) was 1n-
dependently analyzed for each expernment On the first
analyses, sex was entered as an independent vaniable If
there were no significant effects of sex, the data were re-
analyzed without sex as a variable All of the data for an
experiment were first analyzed together and then additional
comparisons were made to facilitate interpretation of the
many significant interactions Only the significant F-scores
used in the final analyses are presented here Posthoc 7-tests
were used to determine specific differences based on a priort
hypotheses of habituation or odor preference Probabilities
<0 05, 2-tailed test, were considered significant

RESULTS

Experiment 1, Short Intertrial Intervals

Object-elicited investigation clomidine Analysis of vari-
ance on the complete experiment was computed with sex
and CLON treatment as grouping variables, and the 6 trials
as repeated measures Significant main effects of CLON (du-
ration F(4,32)=4 89, p<0 01, frequency F(4,32)=27 71,
p<00001) and trnial (duration F(5,160)=76 48, p<0 0001,
frequency F(5,160)=72 71, p<0 0001) and a significant
CLON X tnal mteraction (duration F(20,160)=1 88,
p<002, frequency F(20,160)=3 13, p<0 0001) were re-
vealed The effects of tral reflected habituation, typical with
repeated trials in this paradigm [6,11] All groups sigmifi-
cantly decreased responding over tnals (Fig 1) Every group
increased responding when the cup was moved on Tnal 6
although the increase only reached significance for controls
and the 0 01 mg/kg groups

Trial 1
¥
20} {10 0
[ ] w
2 5
5 g
3] o
'" £
o a
10 r 15 <
\ s/ Trial 2
0 [ § 1 1 . N
0 10 30 100 0 10 30 100
DMI [mg/kg!

FIG 2 Experiment 1, object-ehcited investigation, desmethylimip-
ramine Dose/response characteristics of investigation of a cup by
gerbils following injection of DMI Details as in Fig 1

CLON at low doses did not alter investigation, but at 0 3
mg/kg the responses were severely attenuated (Fig 1) This
high dose attenuation of responding 1s not specific as 1t can
be induced with any drug if a high enough dose 1s used A
similar high dose effect has been reported previously for
amphetamine {5,8], apomorphine [7,8], scopolamine, and
physostigmine [10] The CLON X tnal interaction was a
result of a CLON effect only on Trials 1 (duration
F(4,32)=3 01,p<0 05, frequency F(4,32)=10 50,p<<0 0001),2
(duration F(4,32)=3 57, p<0 02, frequency F(4,32)=9 00
p<00001), 3(frequency only F(4,32)=7 41, p<0 0002), 4
(duration F(4,32)=2 92, p<0 05, frequency F(4,32)=6 56,
p<0001), and 6 (duration F(4,32)=3 15, p<0 05, frequency
F(4,32)=15 58, p<0 0001) It can be concluded that CLON
did not interfere with selective responses to the cup except at
the highest dose

Object-elicited nvestigation  desmethylimipramine
Analysis of vanance, computed as above, revealed similar
effects of DMI (Fig 2) Significant main effects were found
for DMI on the frequency measure, (F(3,22)=9 88, p<0 001)
and 1n the same direction for duration, (F(3,22)=2 82,

p=00624) There were significant trial (duration
F(5,110)=59 74, p<0 001, frequency F(5,110)=44 21,
p<00001) and DMI x trial interaction (duration
F(15,110)=2 34, p<001, frequency F(15,110)=4 04,

p<00001) All groups decreased responding on Tnal 2 (Fig-
ure 2) and increased responding when the cup was moved on
Tnal 6

There was a dose dependent attenuation of responses
The DMI effect was significant on Tnals 1 (duration
F(3,22)=3 63, p<0 01, frequency F(3,22)=16 93, p<0 0001)
and 6 (duration F(3,22)=4 56, p<002, frequency
F(3,22)=8 70, p <0 001) With DMI, as with CLON, 1t can be
concluded that there 1s no specific disruption of investiga-
tion
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FIG 3 Expermment 1., odor-elicited mvestigation clomdine

Dose/response characteristics of the duration (sec) of investigation
of holes by gerbils following mnjection of CLON (A) Odor hole on
Trial 1 (closed symbols) compared to mean of nonodor holes on Trail
1 (open symbols) Stars indicate sigmficantly more investigation at
odor hole Number of gerbils per group 1s indicated by small num-
bers below dose (B) Habituation of nose poking For clanty the
data for Tnal 5 are plotted as a percentage of the response on Trial |
(Trnal 1 odor hole=100%, compared to Trial 5 odor hole, Tnal 1
5-holes=100%, compared to Trial 5 5-holes) Stars indicate signifi-
cantly less than Tnal 1, matched ¢-tests on the raw data

Odor-elicited investigation clomdine On the first tnal
all groups of gerbils spent significantly more time at the odor
hole than at the holes that had no specific odor (Figure 3A)
Preference for the odor disappeared with habituation on sub-
sequent trials

The responses to the odor hole were analyzed for sex,
CLON, and tnals effects There were significant main effects
of CLON (duration F(4.26)=5 28, p<001, frequency
F(4.26)=13 56, p<00001) and tnal (duration F(4,104)
=25 60, p<0 0001, frequency F(4,104)=81 59, p<<0 0001)
and a tnal x CLON interaction (duration, F(16,104)=1 87,
p<0 05, frequency F(16,104)=3 95, p<0 0001) CLON ef-
fect was sigmificant for the duration measure on Trals 1 and
2 (Tnal 1 F(4.26)=399, p<002, Trnal 2 F(4,26)=4 24,
p<0 01) and on all trials for the frequency measure (Tnal 1
F(4,26)=12 86, p<0 0001, Tral 2, F(4,26)=7 24, p<0 001,
Trial 3, F(4,26)=543, p<091, Tnal 4, F(4,26)=2 78,
p<0 05, Tnial 5, F(4,26)=5 71, p<0 01) reflecting attenuation
of responding with increasing dose (Fig 3) The trial effect
reflected habituation There was a decrease over tnals for
each group, both for investigation of the odor hole and for all
5 holes Habituatton n this test 1s slower than 1n the object
test [11] Therefore, Tnal 5 1s compared with Trial 1 1n Fig
3B

For the activity score, there were significant main effects
of CLON, (F4.26)=8923, p<00001) and tnal,
(F(4,26)=33 67. p<0 0001), which reflected a monotonic de-
crease 1n activity with increasing dose, and a decrease In
activity on Tnal 2 at each dose Thus, 1n spite of a decrease
n total investigation of the holes and a decrease n locomotor
activity with increasing doses, CLON did not interfere with
preference for the odor or with habituation

Odor-elicited investigation desmethylinupramine  Ger-
buls given DMI spent significantly more time at the odor hole
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FIG 4 Experniment 1, odor-ehcited investigation, desmethylimip-
ramme Dose/response charactenstics of duration (sec) of investiga-
tion of holes by gerbils following injection of DMI Details as 1n Fig
3

than at the nonodor holes in the first trial (Fig 4A) On
subsequent trials, habituation occurred and preference was
no longer shown

There was a weak overall effect of DMI on odor investi-
gation (duratton F(3,21)=3 64, p=005, frequency
F(3,25)=4 07, p<0 02), and a strong tnal effect (duration
F(4,100)=72 64, p<0001, frequency F(4,100)=51 04,
p<00001) Separate analysis by trial showed an effect of
DMI on the duration measure on Tnal 5, F(3.25)=6 08,
p <001 The amount of responding for the odor hole and for
all 5 holes decreased by Trial 5 even at the highest dose (Fig
4B)

For the activity score, analysis of variance revealed a
significant effect of DMI, F(3,25)=11 83, p<<0 0001 trial,
F(1,25)=140 03, p<0 0001, and a trial x DMI interaction,
F(3,25)=12 40, p<0 0001 There was a sigmficant decrease
m activity on Trial 2 by controls and 10 or 30 mg/kg DMI
groups (matched r-tests, 7(6 or 7)=855, 1720, 738,
p<0001) The gerbils that received 100 mg/kg had a low
activity score on Trial 1 which did not decrease on Tnal 2,
1(6)=0 67, NS As with CLON, DMI did not selectively
interfere with preference for the odor or with habituation

Experiment 2, Long Intertrial Intervals, Clonidine and
Apromorphine

Oherall effects Data were analyzed for sex, CLON,
APO, and exposure condition as grouping variables, and six
trials as repeated measures Significant main effects were
revealed for each vanable, the first four of which will be
discussed below Tnal effects (duration F(5,745)=220 83,
p<0 0001, frequency F(5,745)=188 48, p<0 0001) again re-
flected habituation and dishabituation All groups decreased
responding over trials Every group increased responding
when the cup was moved on Trial 6 The only possibly mean-
mgful effect on Trials 3 to 6 was a main effect of CLON
Responding was increased mn some groups on some trials,
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FIG S5 Expernment 2, Tnal 1 clomdine and apomorphine
Dose/response characteristics of investigation of a cup by male
(sohd symbols) and female (open symbols) gerbils following injec-
tions of CLON and 1 mg/kg APO Mean duration (sec) and fre-
quency (number of approaches), bars mdicate SE The number of
gerbils per group 1s indicated by the small number next to each
symbol *p<0 05, male vs female, Student 7-test

but there was no consistent pattern as to treatment, either
drug or exposure

Acute drug effects, Day 1 Following drug injections on
Day 1, there were significant mam effects of CLON (dura-
tion F(3,78)=7 86, p<0 0001, frequency F(3,87)=8 82,
p<00001) and APO (duration F(1,78)=19 64, p<<0 0001, fre-
quency F(1,87)=12 16, p<0 001), and significant interac-
tions of CLON x APO (duration F(3,78)=5 36 p<0 01, fre-
quency F(3,87)=2 94, p<0 05), and sex x CLON (duration
only F(3,78)=3 41, p<0 05) CLON results on Tnal 1 rep-
licate the results of Experiment 1 and, therefore, are not
graphed The responses did not vary as a function of sex and
only the 0 3 mg/kg dose caused a severe attenuation of re-
sponding APO alone caused a small, significant decrease 1n
responding in comparison to saline-treated (compare 0 mg/kg
in Fig 5 with 0 mg/kg Trial 1 in Fig 1) CLON with APO did
not decrease the number of responses more than APO alone,
they were not additive 1n effect Inthe duration measure, the
sex X CLON interaction was seen only in APO-treated ger-
bils As shown in Fig 5, there was considerable variability in
the responses of all of these animals They were extremely
Jjumpy and hard to handle However, female gerbils that re-
cerved 0 01 mg/kg CLON and APO responded with approx-
mmately the same duration as gerbils without drug or with low
doses of CLON (Figure 1), although the frequency was re-
duced Females given 0 01 mg/kg CLON and APO spent
significantly more time investigating the cup than males,
1(6)=3 29, p<0 05 There were no other signmificant differ-
ences between males and females on the first trial

Twenty four hour habituation, Day 2 For the duration
measure, there was a main effect of exposure condition,
F(1,149)=94 94, p<0 0001, and interactions of sex X CLON,
F(3,149)=3 74, p<002, CLON x APO, F(3,149)=7 69,
p<0 0001, and APO x exposure condition, F(1,149)=7 39,
p<0 01 On the other hand, the frequency measure reflects
main effects of sex, F(1,150)=7 34, p<001, CLON,
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FIG 6 Experiment 2, habituation, clomdine Dose/response char-
acteristics of investigation of a cup by female (A and B) and male (C
and D) gerbils 24-hr after injection of CLON and saline Responses
of gerbils that were exposed to the cup on Day 1 are presented as the
percentage of responses of gerbils that had not seen the cup previ-
ously Duration (A and C) and frequency (B and D) Stars indicate
significantly less investigation by Exposed gerbils than Nonex-
posed Student 7-tests on the raw data

F(3,150)=3 77, p<0 02, and exposure condition, F(1,150)
=29 14, p<<0 0001, and an mteraction between APO and ex-
posure condition, F(1,150)=6 63, p<002 These differ-
ences are displayed graphically m Fig 6 (CLON) and 7
(CLON + APO) CLON- (0 01 and 0 03 mg/kg) and control-
mjected gerbils (males and females) exposed to the object on
Day 1 responded for shorter durations on Day 2 than those
with the same treatment who were not exposed to the cup
(Fig 6A and Q), reflecting memory of the cup In the fre-
quency measure, control-injected gerbils and CLON-
mjected female gerbils responded significantly less if they
were exposed to the cup on Day 1 (Fig 6B and D) Exposed
male gerbils given CLON did not respond significantly dif-
ferently from Nonexposed

Exposed and Nonexposed gerbils who were treated with
APO alone did not differ significantly (Fig 7, 0 mg/kg
CLON) CLON prevented the disruption of the duration
measure by APO at 01 and 03 mg/kg 1n female gerbils (Fig
7A) The weaker effect of APO 1n male gerbils required a
higher dose of CLON (0 03 and 0 3 mg/kg) to significantly
reverse the effect (Fig 7C) CLON, at 0 3 mg/kg, either alone
or with APO disrupted habituation in female, but not 1n male
gerbils APO disrupted the decrease in approaches by Exposed
gerbils on Day 2 and CLON did not reverse the effects in either
male or female gerbils (Fig 7 B and D)
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FIG 7 Experiment 2, habituation, clomdine and apomorphine

Dose/response charactenistics of investigation of a cup by female (A
and B) and male (C and D) gerbils 24-hr after injection of CLON and
1 mg/kg APO Duration (A and C) and frequency (B and D) Details
asm Fig 6

To examime whether there was a relationship between
body weight and sex differences, a correlation coefficient
was computed between weight and the number of ap-
proaches on Trial 2 for Exposed gerbils that received 0 01
and 0 03 mg/kg CLON and no APO These groups showed large
sex differences in the number of approaches to the cup
The small positive correlation (Pearson r(21)= 277) was not
significant

Experiment 3, Odor-elicited Investigation, Clonidine and
Apomorphine

Investigation of odors The control and CLON injected
groups responded significantly more to the hole with odor
than to the hole without on the first trial (Fig 8A) APO-treated
gerbils spent somewhat more time at the odor hole but did not
go to that hole more frequently than to the hole without a
specific odor When given CLON and APO, the gerbils showed
no preference for the odor

The analysis of variance on the investigation of the odor
hole revealed no strong sex effects There were significant
main effects of APO (duration F(1,29)=25 16, p<<0 0001,
frequency F(1,29)=1219, p<001) and trial (duration
F(5,145)=16 32, p<0 0001, frequency F(5,145)=16 10,
p<00001), and a trnal x APO interaction (duration
F(5,145)=11 16, p<00001, frequency F(5,145)=12 11,
p<00001) The APO effect was statistically significant on
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FIG 8 Experiment 3, odor-elicited investigation, clomdine and
apomorphine {A) Mean (SE) duration of poking the nose nto a hole
with odor of strange male bedding (solid bars) or the mean of the
nonodor holes (striped bars) on Trial 1 by gerbils following injections
of saline (S), 0 01 mg/kg CLON and saline (C) saline and 1 mg/kg
APO (A), or CLON and APO (CA) (B) Mean duration of responses
on Tnal 3 Habituation 1s reflected by the decrease in responding in
companson to Trial 1 Stars indicate significantly longer tnvestiga-
tion of odor hole than nonodor holes
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FIG 9 Expenment 3, activity score, clomdine and apomorphine

Mean (SE) number of line crossings on Tnial 1 (sohd bars) and Trial 2
(striped bars) by male (A) and female (B) gerbuls following injections
of salme (S), 0 01 mg/kg CLON and saline (C), saline and 1 mg/kg
APO (A), or CLON and APO (CA) Stars indicate significantly more
line crossings on Tral 1 than on Tnal 2

the first four trials for duration and on the first two trals for
frequency The tnal effect reflects habituation as in Exper-
ment 1 (Fig 8B)

Actwity score A strong sex effect, F(1,25)= 23 11,
p<0 0001, was found 1n the activity score of the 33 gerbils



CATECHOLAMINE INTERACTIONS AND SEX DIFFERENCES 383

this experiment The sex effect did not appear to be due to
weight differences between the sexes because there was no
significant effect of weight when weight replaced sex as a
grouping variable 1n the analysis, F(2,21)=0 18 Because the
size of the groups were relatively small when separated into
sex groups, an additional 14 gerbils were tested for activity
and data from these 47 gerbils were combined with data from
Experiment 1 and from an earlier study [7] in which the same
methods were used The larger group facilitated interpretation
of the effects Analysis of vanance revealed main effects of sex,
F(1,71)=6 89, p <0 01, and tnal, F(1,71)=81 62,p <0 0001, and
interactions of trail x sex, F(1,71)=8 69, p<0 01, tnal x APO,
F(1,71)=8 94, p<0 01, and tnal x sex x APO, F(1,71)=4 27,
p<005 As in the other tests, the tnal effect 1s the result of
habituation There was a lower mean score on Trial 2 1n all
groups except female gerbils given both CLON and APO (Fig
9) APO increased the activity of male gerbils with CLON,
1(28)=2 112, p<0 05, or without, 1(28)=3 337, p<0 01 Incon-
trast, APO reduced the activity score of female gerbils with
CLON, ((17)=2 215,p<0 05, or without, 1(19)=2 119,p <0 05

The changes mn activity could be related to mnduction of
different stereotypies in female and male gerbils However,
this dose of APO does not consistently mnduce stereotypy
Continuous sniffing and stereotypic route, the primary
stereotypies induced by APO n gerbils [12], do not neces-
sarily alter the line crossing activity score Both behaviors
were observed 1in some of the APO-treated male and female
gerbils In addition, two female gerbils (one 1in the APO
group and one in CLON-APO group) spent much of the time
chewing, a behavior incompatible with general activity The
chewing may have been induced by APO, although chewing
1s common n normal gerbils also Although the activity
scores of these two females were the lowest m their groups,
they do not alone account for the lower scores of female
gerbils

To determine if sex effects were due to weight differences
between male and female gerbils, the data were analyzed by
weight instead of sex There was no significant main effect of
weight, F(1,71)=0 04, p=0 851

DISCUSSION
Norepinephrine Effects

Normal relative amounts of activity in NE and DA sys-
tems are not necessary for investigation of novel stimuli and
normal habituation as shown by the comparatively normal
pattern of responding 1n gerbils with acute changes in NE
activity due to injections of either CLON or DMI This was
true whether the stimult presented were objects, or odors
hidden under holes 1n the floor Only nonspecific effects of
high doses of the drugs attenuated behavior Because high
doses of many drugs decrease responding in this paradigm,
they cannot be specific For instance, I have already re-
ported similar effects of amphetamine [5,8], apomorphine
[7,8], scopolamine, and physostigmine [10] The high dose
effects on behavior may be confounded by sedation or toxic-
ity, and will not be discussed 1n detail

Although CLON did not disrupt investigation or habitua-
tion after drug treatment, 1t affected one measure of habitua-
tion 24-hr after treatment, but only in male gerbils (Fig 6)
Whereas, habituation was reflected in both duration and fre-
quency measures in female gerbils, only the duration meas-
ure reflected habituation in males This can not be related to
the frequency of approaching the cup on Day 1 as there were
no sex differences on Day 1, nor does 1t appear to be a

difference in sensitivity The effect of increased frequency in
male gerbils does not appear to be related to activity levels as
low doses of CLON did not affect the activity measure 1n
either male or female gertils (Fig 9) These results suggest
that CLON-treated male gerbils had residual effects that re-
sulted 1n difficulty in mamtaining attention [10]

It 1s, of course, simplistic to think that the effects of
CLON or DMI on these behaviors are solely an effect in
stimulating NE receptors DMI increases NE at the synapse
by inhibiting NE uptake [24] However, 1t has also been
shown to mmcrease serotonin turnover as measured by the
metabolite S-hydroxyindoleacetic acid (5-HIAA) [29]
Mechanism of CLON activity are not thoroughly under-
stood, but 1t 1s known that CLON can act in numerous ways
Its principle action 1s to simulate a-adrenergic receptors [4],
but 1t 1s also thought to stimulate epinephrine [3], and his-
tamine H, receptors [33] It increases serotonin and reverses
increases in 5-HIAA induced with DA agonists [27] In addi-
tion, 1t appears to stimulate a-adrenergic autoreceptors caus-
ing a decrease in NE activity [31] as evidenced by a decrease
mn the NE metabolite, MHPG [39], inhibition of NE-elicited
cAMP [36], and inhibition of firng of NE neurons in the
locus coeruleus [38]

It 1s also possible that the inhibitory and excitatory ac-
tions of CLON are related to dose Some behavioral effects
of CLON are found at very low doses, whereas others re-
quire much higher doses For instance, as low as 0 01 mg/kg
CLON has affected the response of male gerbils (Fig 6),
decreased responses on DRL schedules [41], reversed mor-
phine withdrawal [37], decreased amphetamine-induced
motor activity [36], and reduced potentiated acoustic startle
in rats [16] On the other hand, hypothermia [42], hypoten-
sion [31], decreased locomotor activity of gerbils (Experi-
ment 1), and decreased efficiency in operant avoidance [31]
or 2-way avoudance [25], required 10-30 times as much
CLON Some attempts have been made to separate pre- vs
post-synaptic action by the differential blocking properties of
NE-antagomsts [28, 31, 42]

In spite of these complexities, 1t 1s safe to conclude that
altering NE action had no selective effects on investigation,
habituation, or locomotor activity following injection Only
24-hr later, the frequency measure, but not the duration
measure was increased 1n male gerbils One possible expla-
nation for the normality of responses following NE stimula-
tion may be the counteraction of effects on two different NE
systems [26] It was shown in male rats that decreasing fore-
brain NE content by lesion of the locus coeruleus caused a
decrease 1n locomotor activity, whereas decreasing NE
forebrain content by lesion of the ventral NE bundle caused
an increase in locomotor activity

Norepinephrine-Dopamine Interactions

As hypothesized. 1t was possible to prevent the disruption
of habituation 24-hr after injection of APO by concurrently
giving the appropnate dose of CLON Although these find-
1ngs suggest an mteraction of DA and NE systems 1n med:at-
ing 1nvestigation of novel stimuli and subsequent habitua-
tion, the effects could be serendipitous As discussed earher,
CLON has numerous effects on neuropharmacology and the
present set of experiments do not differentiate between these
effects Nonetheless, the data are consistent with the hy-
pothesis that DA and NE play critical roles in survival-
related activities[2]

In addition, 1t was found that different doses of clomidine
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were required to prevent the apomorphine effect dependent
on sex The sex differences in drug effects on the duration of
vestigation 24-hr after injection suggest that female gerbils
are more sensitive io the reversing effects of clomdine than
are male gerbils (Fig 7A and C) The lower dose (0 01 mg/kg)
prevented apomorphine from disrupting memory of the cup
in females and the higher dose (0 3 mg/kg) was completely
disruptive whether given alone or with apomorphine

It appears that sex differences 1n effective doses are not
merely related ot the amount of responding following the
drugs on Day 1 for two reasons (1) The percent decrease
used to determine habituation 1s based on the responses of
gerbils that received the same drug treatment but were not
exposed to the cup on Day 1, providing a within sex, within
drug treatment comparison (2) A high duration of responding
on Day 1 1s not necessary for habituation on Day 2 This was
demonstrated by the 0 03 mg/kg CLON plus APO groups
On Day 1, males and females responded for only approx-
imately 7 sec, comapred to 20 sec for saline-treated gerbils
(Fig 5) Both males and females had sigmficantly shorter
durations of responding on Day 2 than Nonexposed gerbils
(Fig 7a and C) There was no significant habituation re-
flected 1n the frequency measure for either male or female
gerbils even at doses where habituation was clearly seen 1n
the duration measure This again suggests residual drug ef-
fects that disrupted mechanmisms that maintain attention to
the stimulus

Day 1 responses may be related to changes in activity
level induced by the drugs Subjectively, the combination of
CLON and APO resulted 1n very large startle responses with
low thresholds in male and female gerbils as reported m
female [1] and male mice [20] Male gerbils moved around
the arena more rapidly after APO (1 mg/kg) or after APO and
CLON (0 01 mg/kg) than they did after saline, whereas
female gerbils moved more slowly (Fig 9) Thus, clonidine
did not affect apomorphine-induced increase in locomotor
activity to either attenuate or potentiate it This contrasts
with the potentiation of apomorphine-induced locomotor ac-
tivity 1n mice [1,20] and the attenuation of amphetamine-
induced activity in male rats [36] The sex difference 1n ac-
tivity could also reflect a difference n sensitivity level as
only one dose of APO 1s reported Although activity scores
are not available for gerbils recetving 0 03 mg/kg CLON plus
APO, our subjective notes state that male and female gerbils
had low threshold startle responses Female gerbils given 0 3
mg/kg CLON and APO also had low threshold startle re-
sponses whereas sedation was noted in some of the males
We have seen previously that sedative effects of other drugs
decreased responding the next day [8,10]
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The increase 1 locomotor activity in male gerbils follow-
mg APO in this experiment was not reported previously in
apomorphine-treated gerbils [7] However, in that experi-
ment, at 1 0 mg/kg apomorphine (n=8), the mean activity
score for males was larger than females but did not differ
statistically, nor did the combined mean for males and
females statistically exceed the mean for controls (n=52) In
comparison, female rats had lower activity scores after in-
Jections of 0 1 mg/kg, and fewer nose pokes after 0 1 or 1
mg/kg APO than male rats, but the findings were confounded
by repeated injections and by sex differnences 1n the control
data [23]

Unfortunately, the majority of the vast literature on be-
havtoral effects of drugs has not included sex differences
There 1s a growing body of data, however, that suggest that
sex differences are very important in CA mediated behav-
tors, such as amphetamine- or apomorphine-induced
steroetypy [32.34], locomotor activity after 6-OHDA DA le-
sions [15], amphetamine-induced locomotor activity [17,35],
and amphetamine-induced rotation [30] Estrogen treatment in
ovariectomized female, intact male, and prepuberal female
rats changes behaviors induced by DA agonists [14,21] and
modulates DA agomist effects on other neurotransmitters
[18], thus indcating that sex differences may be related to the
inhibitory and facilitatory action of estrogen on CA neurons
[19] It1s tempting to speculate that the sex differences found
in the present report are related to natural estrogens in
female gerbils, but only additional research will answer that
question

To summarize, the same doses of CLON that prevented
APO-induced disruption of 24-hr habituation did not reverse
the APO-mduced reduction 1n object investigation, the
APO-induced reduction 1n odor nvestigation and prefer-
ence, nor the APO-induced changes in locomotor activity
Thus, catecholamine interactions in mediation of 24-hr
habituation are different than those involved in mediation of
behaviors during the acute phase of drug action
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