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CHEAL, M L Attention and habituation Catecholamme mteracttons and set dtfJerences PHARMAC BIOCHEM 
BEHAV 16(3) 37%385, 1982 --Norepmephnne (NE)-dopamme (DA) interactions m mediation of long-term habituation 
were tested using the stlmulus-ehcited investigation paradigm Systemic injections of clomdme hydrochlonde (CLON), an 
a-adrenergic receptor agonist, given before apomorphlne (APO) (1 mg/kg SC), a DA receptor agomst, prevented APO- 
Induced disruption of the duration measure of habituation 24-hr later A lower dose was effectwe m female gerbds than that 
required for male gerbils suggesting that females are more sensitive to the effects of clonldme In addition, apomorphlne 
with or without CLON (0 01 mg/kg), increased locomotor activity m male gerbils but reduced activity m female gerbils The 
same dose of CLON that prevented APO-mduced disruption of 24-hr habituation did not reverse APO-mduced reduction of 
investigation of an object or an odor, or APO-tnduced changes in activity Neither CLON nor desmethyhmlpramme, a 
blocker of NE reuptake, had any selective effects on investigation of novel stlmuh 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 in male gerbils but not in female gerbils at any dose used (0 01-0 3 mg/kg) 
The data suggest important sex dependent NE-DA interactions in mediat~on of long-term habituation 

Habituation Investigation Gerbils Locomotor activity Clonldme Apomorphme 
Desmethyhm~pramme Catecholamme Dopamme Norepmephnne Sex Differences 

N O R E P I N E P H R I N E  (NE) and dopamlne (DA) pathways 
have been proposed to "play critical roles m numerous basic 
survival-related activities " [2] Evidence was o t e d  of 
an Interaction of these systems m motor activity, avoidance 
behavior, aggression, electrical self-stimulation of the brain, 
and eating behawors Attention and habituation to novel 
stimuli can be thought of  as "survwal-related activities" be- 
cause approaches to stimuli an the environment are a neces- 
sary part of locahzation of  food, sexual partners, and possi- 
ble predators The stlmulus-ehclted investigation paradigm 
[6,11] offers a unique experimental, ethological method to 
study the neural medmtlon ofattentaon and habituation This 
paradigm provides multiple measures within the same 
animal Duration and frequency are recorded of 0) inltml 
Investigation of  sample stimuli, a measure of awareness of 
stimuli, (u) subsequent habituation (as defined by Thompson 
and Spencer [40]), reflecting selectivity of responding and a 
sample form of memory, and (m) dashabatuation, which occurs 
m this paradigm when the stimulus is moved, providing a 
control for adaptation or sedation The relatwe frequency and 
duration measures allow references as to the maintenance 
of attention [10] In addition, it is possible to test for botlT 
short-term and long-term habituation because normal 
animals can show habituation after intervals from 60 sec up 
to 4 weeks [11] Therefore, It is possible to give a drug treat- 
ment and either test for habituation immediately, or walt and 
test for memory (m 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 stlm- 
uh Stimulating DA receptors with apomorphlne (APO) re- 
sulted in a disruption of habituation to novel stlmuh either 
within a 20 mln test [7] or 24 hr later [8] If the animals were 
habituated prior to drug treatment, habituation continued 
after APO treatment, showing that retrieval of memory was 
intact The DA receptor blocker, plmozlde, prevented the 
disruption of 24-hr habituation, indicating DA mediation of 
the apomorphlne effect In contrast, amphetamine, except at 
very high doses, did not disrupt the behavior [5,8] One of 
several possible explanations for the difference in the effect 
of APO and amphetamine on this behavior was the influence 
of amphetamine, but not apomorphlne, on NE [8] 

To test the hypothesis of the necessity of relative NE-DA 
activity, Investigation and habituation were observed in 
gerbils given systemic injections of NE agonlsts, clonldlne 
(CLON) or desmethylimlpramlne (DMI), or of CLON plus 
APO If relative DA-NE activity are necessary for normal 
attention and habituation, then NE agonlsts should disrupt 
the behavior, but combining a NE agonist with a DA agonist 
should result in normal habituation Obviously this simplistic 
hypothesis is complicated by the intricacies of drug action, a 
problem that is addressed in the discussion The hypothesis 
was supported in an earlier report in which it was shown 
that a small dose of CLON blocked disruption of habituation 
by APO [9] 

An additional hypothesis that was tested in this paper was 
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based on the growing body of  data on the role of sex steroids 
in catecholamlne 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 

Animals 

Male and female Mongohan gerbils (Mertones un- 
gul¢ ulatus) were born In the laboratory from stock pnmanly 
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 (31×61×32 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 

Appara tu 

Tests were conducted in a 30×45 cm semi-circular white 
plastic arena set into a glass aquarium The semi-circular 
design, chosen to make the entire arena within the gerbil s 
visual field [13,221, minimized competing stimuli A solid 
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 in order 
to remove any concentrated areas of  animal odor without 
introducing other, possibly distracting odors An illustration 
of the apparatus was published prewously [6] 

Pro¢ edllre 

To gentle the gerbils and to adapt them to the apparatus, 
they were handled daily for 9 or 14 days, placed m the appa- 
ratus m groups for ten minutes on each of  the three days 
preceeding the tests, and separately given three adaptation 
trials prior to testing Th~s preliminary adaptation is neces- 
sary in order to focus the investigatory behavior on the novel 
stimulus [6,11] The adaptation trials were conducted just as 
the test trials, but with no stimulus present in the arena The 
tests were conducted in the stlmulus-elioted investigation 
paradigm [6,11] with 30-60 seconds between trials except 
where stated otherwise The drop door was opened, the 
gerbil ran in, the door was closed and then reopened 60 
seconds later to allow the gerbd 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 
animals 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 obtained For two trials, the film was projected 
onto a grid to determine the number of times the gerbil 's 
head crossed a line of  the grid This count furnished a loco- 
motor activity score [5] 

T A B L E I  

INJECTION AND TESTING SCHEDULE EXPERIMENT 2 

Trials 

Injections Exposure Condition Day 1 Day 2 

CLON and NaCl* Exposed l 2-6 
Nonexposed - -  I-6 

CLON and APO* Exposed 1 2-6 
Nonexposed - -  1-6 

*Clomdlne hydrochlonde (0 (n=44), 0 01 (n= 16) 0 03 (n=29). 0 3 
(n= 16) mg/kg) 40 rain preadaptatlon sodmrn chloride (0 9%) 10 mm 
preadaptatlon 

~Clonldlne hydrochlonde (0 (n= 17), 0 01 (n= 16) 0 03 (n=27). 0 3 
(n=16) mg/kg)40 mm preadaptatlon, apomorphlne hydrochlorlde 
(1 0 mg/kg), I0 mm preadaptatlon 

Erpet tment  l, Short mtertrtal intervals, ~lomdme or des- 
methyhmtpramtne Gerbils were Injected SC with a full 
range of  doses of either clonldlne hydrochlonde (CLON) 
(Catapres ~, Boehrmger Ingelhelm L t d )  or desmethyhmlp- 
ramlne (DMI) (Gezgy) 5 mln or 40 rain, respectively, pnor to 
adaptation trials Times were chosen based on times when 
behavioral responses were found in rats, such as effects on 
avoidance behavior [25] Immediately following adaptation 
5 trials were g~ven 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 trmls for responses to strange 
male odor hidden under one of 5 holes The adaptation and 
testing tnals (object-ehclted investigation and odor-elloted 
investigation) were concluded In approximately 35 rain 

E vpertment 2, Long mtertrtal intetval~, c Iomdme and 
apomorphme Gerbils were injected SC using a range of 
doses of  CLON and either 1 mg/kg apomorphlne hydro- 
chloride (APO) (Merck), calculated as the salt, or 
saline This dose ofapomorphlne was chosen because it dis- 
rupted 24-hr habituation previously even though the gerbils 
spent 11-12 sec investigating the cup following drug Injection 
[8] See Table I 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 right 
side of  the arena Those gerbils that had not seen the cup on 
Day 1, received 5 trials with the cup on the left and one trial 
with the cup on the right on Day 2 

Erpertrnent 3 Investigation o f  odor~ (Iomdtne attd 
apomorphme Gerbils were injected with CLON (001 
mg/kg) or saline Thirty rain later half of  each group were 
Injected with APO (1 0 mg/kg) and half with saline This dose 
of CLON was used because it appeared to block the APO- 
induced disruption of  24-hr habituation in preliminary work 
[9], and because of  sex differences found in Experiment 2 
Twelve rain after injection the 2-hole odor test was given 
One trial 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-ehclted investigation, clomdlne 
Dose/response characteristics of investigation of a cup by gerbds 
following mjecuon of CLON on trials 1 (sohd symbols) and 2 (open 
symbols) Mean duration (sec) and frequency (number of ap- 
proaches), bars indicate SE Number of gerbds per group is indi- 
cated by small numbers above dose Slgmficant decrease on Trial 2 
indicated by *p<0 05 **p<0 01 ***p<0 001 
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FIG 2 Experiment 1, object-ehoted mvest]gatxon, desmethyhmlp- 
ramlne Dose/response charactensUcs of investigation of a cup by 
gerbds following rejection of DMI Detads as in Fig 1 

Data Anal3slv 

Analysis of variance with repeated measures was com- 
puted using Biomedical Data Program package (BMDP 2V) 
Each measure (duration, frequency, activity scores) was in- 
dependently analyzed for each experiment On the first 
analyses, sex was entered as an Independent variable 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 sigmficant Interactions Only the sigmficant F-scores 
used m the final analyses are presented here Posthoc t-tests 
were used to determine specific differences based on a prtort 
hypotheses of habituation or odor preference Probabilities 
<0 05, 2-taded test, were considered significant 

RESULTS 

Erpertment 1, Short lntertrtal Intervals 

Object-elicited investigation ~lomdme 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 < 0  0001) and trial (duration F(5,160)=76 48, p < 0  0001, 
frequency F(5,160)=72 71, p<00001)  and a slgmficant 
CLON × trial interaction (duration F(20,160)=188, 
p < 0  02, frequency F(20,160)=3 13, p < 0  0001) were re- 
vealed The effects of trial reflected habituation, typical with 
repeated trials In this paradigm [6,11] All groups signifi- 
cantly decreased responding over trials (Fig l) Every group 
increased responding when the cup was moved on Trial 6 
although the Increase only reached significance for controls 
and the 0 01 mg/kg groups 

CLON at low doses did not alter Investigation, but at 0 3 
mg/kg the responses were severely attenuated (Fig l) This 
high dose attenuation of responding is not specific as it can 
be induced with any drug if a high enough dose is used A 
slmdar high dose effect has been reported previously for 
amphetamine [5,8], apomorphlne [7,8], scopolamine, and 
physostlgmlne [10] The CLON × trial 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)= l0 50,p <0 0001), 2 
(duration F(4,32)=3 57, p < 0  02, frequency F(4,32)=9 00 
p < 0  0001), 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 < 0  001), 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 

Obje~t-ehuted mvesttgatlon desmethyhrntprarnme 
Analysis of variance, computed as above, revealed similar 
effects of DMI (Fig 2) Sigmficant mare effects were found 
for DMI on the frequency measure, (F(3,22)=9 88 ,p<0  001) 
and in the same direction for duration, (F(3,22)=2 82, 
p =0 0624) There were s~gnlficant trial (duraUon 
F(5,110)=59 74, p < 0  001, frequency F(5,110)=44 21, 
p < 0  0001) and DMI × trial interaction (duration 
F(15,110)=2 34, p < 0  01, frequency F(15,110)=4 04, 
p < 0  0001) All groups decreased responding on Tnal  2 (Fig- 
ure 2) and increased responding when the cup was moved on 
Trial 6 

There was a dose dependent attenuation of responses 
The DMI effect was significant on Trials 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 < 0  02, frequency 
F(3,22)=8 70 ,p<0  001) With DMI, as with CLON, it can be 
concluded that there Is no specific disruption of investiga- 
tion 
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FIG 3 Experiment 1, odor-elicited investigation clonldlne 
Dose/response characteristics of the duration (sec) of Investigation 
of holes by gerbils following rejection of CLON (A) Odor hole on 
Trial 1 (closed symbols) compared to mean of nonodor holes on Trml 
1 (open symbols) Stars indicate s~gmficantly more investigation at 
odor hole Number of gerbds per group IS indicated by small num- 
bers below dose (B) Habituation of nose poking For clarity the 
data for Trial 5 are plotted as a percentage of the response on Trml 1 
(Trial 1 odor hole=100%, compared to Trial 5 odor hole, Trml 1 
5-holes= 1 ~ ,  compared to Trial 5 5-holes) Stars indicate slgmfi- 
cantly less than Trial l, matched t-tests on the raw data 

Odor-ell~tted mvesttgatlon c lomdme On the first trial 
all groups of gerbils spent s~gnlficantly 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 tnals 

The responses to the odor hole were analyzed for sex, 
CLON, and trials effects There were significant mare effects 
of CLON (duration F(4,26)=5 28, p < 0  01, 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 trial x CLON lnteractmn (duration, F(16,104)=I 87, 
p < 0  05, frequency F(16,104)=3 95, p < 0  0001) CLON ef- 
fect was slgmficant for the duration measure on Trials 1 and 
2 (Trial 1 F(4,26)=3 99, p < 0  02, Trial 2 F(4,26)=4 24, 
p < 0  01) and on all tnals for the frequency measure (Trial 1 
F(4,26)=12 86, p < 0  0001, Trial 2, F(4,26)=7 24, p < 0  001, 
Trial 3, F(4,26)=5 43, p < 0  01, Tnal 4, F(4,26)=2 78, 
p < 0  05, Trial 5, F(4,26)=5 71 ,p<0  01) reflecting attenuation 
of  responding with increasing dose (Fig 3) The trial effect 
reflected habltuatmn There was a decrease over tnals for 
each group, both for investigation of  the odor hole and for all 
5 holes Habltuatmn in this test is slower than in the object 
test [11] Therefore, Trial 5 is compared with Tnal 1 in Fig 
3B 

For the actlvlty score, there were significant main effects 
of CLON, (F(4,26)=89 23, p < 0  0001) and trial, 
(F(4,26)=33 67, p < 0  0001), which reflected a monotonic de- 
crease m activity with increasing dose, and a decrease in 
activity on Trial 2 at each dose Thus, in spite of a decrease 
in total investigation of  the holes and a decrease in locomotor 
activity with increasing doses, CLON did not interfere with 
preference for the odor or with habituation 

Odot-eh(tted mvesttgatton desmethyhmlpramtne Ger- 
bils given DMI spent significantly more time at the odor hole 

10 

( / )  
a 
z 
0 
, .°,s 

. j ~ o d o r  

no o d o r  

0 I I 1 I 
0 10 3 0  1 0 0  

n 7 7 8 7 

,•/d o r ho le  

' ~ ~ 5 h o l e s  

0 10 3 0  1 0 0  

DMI  I m g / k g ]  

100  

I - .  
z 
m 

L )  

5O n" IJLI 
a. 

0 

FIG 4 Experiment I, odor-ehclted investigation, desmethyhmlp- 
ramlne Dose/response characteristics of duration (sec) of Investiga- 
tion of holes by gerbils following injection of DMI Details as in 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 (duration F(3,21)=3 64, p = 0  05, frequency 
F(3,25)=4 07, p < 0  02), and a strong trial effect (duration 
F(4,100)=72 64, p < 0  001, frequency F(4,100)=51 04, 
p < 0  0001) Separate analysis by trial showed an effect of 
DMI on the duration measure on Trial 5, F(3,25)=6 08, 
p < 0  01 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 ot 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 significant decrease 
in activity on Trial 2 by controls and 10 or 30 mg/kg DMI 
groups (matched t-tests, t(6 or 7)=855,  1720, 738, 
p < 0  001) The gerbils that received 100 mg/kg had a low 
activity score on Trial 1 which did not decrease on Trial 2, 
t(6)=0 67, NS As with CLON, DMI did not selectively 
interfere with preference for the odor or with habituation 

E~pettment 2, Long lnterttutl lntelvals, CIontdme and 
Aptomorphme 

Otetall effects Data were analyzed for sex, CLON, 
APO, and exposure condition as grouping variables, and six 
trials as repeated measures Significant mare effects were 
revealed for each vanable, the first four of  which will be 
discussed below Trial effects (duration F(5,745)=220 83, 
p < 0  0001, frequency F(5,745)= 188 48, p < 0  0001) again re- 
flected habituation and dishabltuation All groups decreased 
responding over  trials Every group increased responding 
when the cup was moved on Trial 6 The only possibly mean- 
lngful effect on Trials 3 to 6 was a main effect of  CLON 
Responding was increased in some groups on some trials, 



CATECHOLAMINE INTERACTIONS AND SEX DIFFERENCES 381 

2 0  

( / )  

Z 

o 
(.3 

8 61 8z a 

female 

o & 83 
CLON (m g/kg) 

10 

t n  
i11 

- r  

t . )  

o a,-  

5 a. 
O .  

; o 

FIG 5 Experiment 2, Trial 1 clomdme and apomorphme 
Dose/response characteristics of investigation of a cup by male 
(sohd symbols) and female (open symbols) gerbds following mjec- 
Uons of CLON and 1 mg/kg APO Mean duratmn (sec) and fre- 
quency (number of approaches), bars indicate SE The number of 
gerbds per group is indicated by the small number next to each 
symbol *p<0 05, male vs female, Student t-test 

1 0 0  ~ 

50 

I- 
uJ 
o 
E 
w 100 
Q. 

5 0  

A -I 

, i 

c 

Nonexposed 

MALES 
I 

i i i ] i 

0 01 O3 3 0 

B r-*--+--7 

,LES 

D - - - - I  

Exposed 

h | 

.01 J~3 3 

CLON (mg/kg)  

1 0 0  

50 

100 

SO 

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

Acute dlug effects, Day 1 Followmg drug injections on 
Day 1, there were significant mare effects of CLON (dura- 
tion F(3,78)=7 86, p < 0  0001, frequency F(3,87)=8 82, 
p < 0  0001) 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 × APO (duration F(3,78)=5 36p< 0  01, fre- 
quency F(3,87)=2 94, p < 0  05), and sex × CLON (duration 
only F(3,78)=3 41, p < 0  05) CLON results on Trial 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, sigmficant decrease m 
responding m comparison to sahne-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 m effect In the duration measure, the 
sex × CLON interaction was seen only in APO-treated ger- 
bds As shown m Fig 5, there was considerable varlablhty m 
the responses of all of these animals They were extremely 
jumpy and hard to handle However, female gerbds that re- 
ceived 0 01 mg/kg CLON and APO responded with approx- 
imately the same duration as gerbds 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 mves hgating the cup than males, 
t(6)=3 29, p < 0  05 There were no other significant differ- 
ences between males and females on the first trial 

Twenty Jour hour habmlatton, Da3 2 For the duration 
measure, there was a main effect of exposure condition, 
F(1,149)=94 94 ,p<0  0001, and mteractions of sex × CLON, 
F(3,149)=3 74, p < 0  02, CLON × APO, F(3,149)=7 69, 
p < 0  0001, and APO × exposure condmon, 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 < 0 0 1 ,  CLON, 

FIG 6 Experiment 2, habituation, clomdme Dose/response char- 
actensttcs of investigation of a cup by female (A and B) and male (C 
and D) gerbds 24-hr after reJection of CLON and sahne Responses 
of gerbds that were exposed to the cup on Day 1 are presented as the 
percentage of responses of gerbds that had not seen the cup previ- 
ously Duratmn (A and C) and frequency (B and D) Stars indicate 
slgmficantly less mveshgatlon by Exposed gerbds than Nonex- 
posed Student t-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 lnteracuon between APO and ex- 
posure condition, F(1,150)=6 63, p < 0  02 These differ- 
ences are displayed graphically m Fig 6 (CLON) and 7 
(CLON + APO) CLON- (0 01 and 0 03 mg/kg) and control- 
injected 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 C), reflecting memory of the cup In the fre- 
quency measure, control-injected gerbils and CLON- 
injected female gerbils responded slgmficantly less ff they 
were exposed to the cup on Day 1 (Fig 6B and D) Exposed 
male gerbds gwen 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 In female gerbils (Fig 
7A) The weaker effect of APO m male gerbds 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 in male 
gerbils APO disrupted the decrease in approaches by Exposed 
gerbils on Day 2 and CLON did not reverse the effects m either 
male or female gerbds (Fig 7 B and D) 
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FIG 7 Experiment 2, habituation, clomdme and apomorphme 
Dose/response characteristics of investigation of a cup by female (A 
and B) and male (C and D) gerbils 24-hr after rejection of CLON and 
1 mg/kg APO Duration (A and C) and frequency (B and D) Details 
as m Fig 6 

To examine  whe ther  there was a relat ionship be tween  
body weight  and sex differences,  a correlat ion coeff ic ient  
was computed  be tween  weight  and the number  o f  ap- 
proaches  on Trial 2 for Exposed  gerbils that rece ived  0 01 
and 0 03 mg/kg C L O N  and no APO These groups showed large 
sex differences in the number  of  approaches to the cup 
The small poSltlVe corre la t ion (Pearson r(21)= 277) was not 
significant 

Erpertment 3, Odor-ehctted lnve6ttgatton, Clomdtne and 
Apomorphme 

lnvesttganon of  odors The control  and C L O N  injected 
groups responded  s]gmficantly more  to the hole w~th odor  
than to the hole without on the first tnal  (Fig 8A) APO-treated 
gerbds spent somewhat  more t ime at the odor  hole but did not  
go to that hole more frequently than to the hole without a 
specdic odor  When given C L O N  and APO,  the gerbils showed 
no preference for the odor  

The  analys~s o f  va rmnce  on the invest igat ion of  the odor  
hole revea led  no strong sex effects There  were  slgmficant 
mare effects  o f  A P O  (duration F(1,29)=25 16, p < 0  0001, 
f requency  F(1,29)=12 19, p < 0 0 1 )  and trial (duration 
F(5,145)=16 32, p < 0  0001, f requency  F(5,145)=16 10, 
p < 0 0 0 0 1 ) ,  and a trial × APO mteracUon (duration 
F(5,145)=11 16, p < 0  0001, f requency  F(5,145)=12 11, 
p < 0  0001) The APO effect  was stattstlcally slgnLficant on 
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FIG 8 Experiment 3, odor-ehoted investigation, clomdme and 
apomorphme (A) Mean (SE) duration of poking the nose into a hole 
with odor of strange male bedding (sohd barsl or the mean of the 
nonodor holes (striped bars) on Trial 1 by gerbds following reJections 
of sahne (S), 0 01 mg/kg CLON and sahne (C) sahne and 1 mg/kg 
APO (A), or CLON and APO (CA) (B) Mean duration of responses 
on Trial 3 Habituation is reflected by the decrease m responding in 
companson to Trial I Stars indicate s~gmficantly longer investiga- 
tion of odor hole than nonodor holes 
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FIG 9 Expenment 3, acttvtty score, clomdme and apomorphme 
Mean (SE) number ofhne crossings on Trial I (sohd bars) and Trial 2 
(striped bars) by male (A) and female (B) gerbds following reJections 
of sahne (S), 0 01 mg/kg CLON and saline (C), sahne and 1 mg/kg 
APO (A), or CLON and APO (CA) Stars indicate slgmficantly more 
hne crossings on Trial 1 than on Trial 2 

the first four  trials for durat=on and on the first two trials for 
f requency  The trml effect  reflects habltuat~on as m Experi-  
ment  1 (Fig 8B) 

Acttvtty score A st rong sex effect ,  F(1,25)= 23 11, 
p < 0  0001, was found in the ac twl ty  score o f  the 33 gerbils in 



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 m the analysis, F(2,21)=0 18 Because the 
size of the groups were relatively small when separated into 
sex groups, an addmonal 14 gerbils were tested for acUvlty 
and data from these 47 gerbds were combined with data from 
Experiment 1 and from an earlier study [7] m which the same 
methods were used The larger group fac~htated interpretaUon 
ofthe effects Analysis of variance revealed rerun effects of sex, 
F(1,71)=6 89,p<0 01, and trial, F(1,71)=81 62,p<0 0001, and 
interactions of trail × sex, F(1,71)=8 69 ,p<0 01, trial × APO, 
F(1,71)=8 94, p < 0  01, and trial × sex × APO, F(1,71)=4 27, 
p < 0  05 As in the other tests, the trial effect is the result of 
habituation There was a lower mean score on Trial 2 m all 
groups except female gerbils given both CLON and APO (Fig 
9) APO increased the actwlty of male gerbils with CLON, 
t(28)=2 112, p < 0  05, or without, t(28)=3 337, p<0  01 In con- 
trast, APO reduced the actlwty score of female gerbds with 
CLON,t(17)=2 215,p<0 05, orwlthout,t(19)=2 l19,p<0 05 

The changes in activity could be related to induction of 
different stereotyples m female and male gerbils However, 
this dose of APO does not consistently induce stereotypy 
Continuous stuffing and stereotyp~c route, the primary 
stereotyples reduced by APO m gerbils [12], do not neces- 
sardy alter the hne crossing actwlty score Both behaviors 
were observed in some of the APO-treated male and female 
gerbds In addition, two female gerbils (one m the APO 
group and one m CLON-APO group) spent much of the time 
chewing, a behawor incompatible with general actwlty The 
chewing may have been induced by APO, although chewing 
is common m normal gerbds also Although the actwlty 
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 ff sex effects were due to weight differences 
between male and female gerbds, the data were analyzed by 
weight instead of sex There was no s~gmficant mare effect of 
weight, F(1,71)=0 04, p =0 851 

DISCUSSION 

No1 epmephrme Effe~ t~ 

Normal relaUve amounts of act~wty in NE and DA sys- 
tems are not necessary for investigation of novel stlmuh and 
normal habituation as shown by the comparatwely normal 
pattern of responding in gerbds with acute changes in NE 
activity due to mject~ons of either CLON or DMI This was 
true whether the stimuh presented were objects, or odors 
hidden under holes m the floor Only nonspeclfiC 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 slmdar effects of amphetamine [5,8], apomorphme 
[7,8], scopolamine, and physostlgmlne [10] The high dose 
effects on behavior may be confounded by sedation or toxic- 
ity, and wlll not be discussed m detail 

Although CLON did not disrupt investigation or habitua- 
tion after drug treatment, it affected one measure of habitua- 
tion 24-hr after treatment, but only m male gerbils (Fig 6) 
Whereas, habituation was reflected in both durauon and fre- 
quency measures m 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 it appear to be a 

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

It is, of course, simplistic to think that the effects of 
CLON or DMI on these behaviors are solely an effect m 
stimulating NE receptors DMI increases NE at the synapse 
by mhibitlng NE uptake [24] However, It has also been 
shown to increase serotonm turnover as measured by the 
metabohte 5-hydroxymdoleacetlc acid (5-HIAA) [29] 
Mechamsm of CLON activity are not thoroughly under- 
stood, but ~t is known that CLON can act in numerous ways 
Its pnnclple action Is to stimulate a-adrenerglc receptors [4], 
but it is also thought to sumulate eplnephnne [3], and his- 
tamine H, receptors [33] It increases serotonln and reverses 
increases m 5-HIAA mduced with DA agomsts [27] In addi- 
tion, it appears to stimulate a-adrenerglc autoreceptors caus- 
ing a decrease m NE acUwty [31] as ewdenced by a decrease 
in the NE metabohte, MHPG [39], inhibition of NE-ehclted 
cAMP [36], and inhibition of finng of NE neurons in the 
locus coeruleus [38] 

It is also possible that the inhibitory and excitatory ac- 
tions of CLON are related to dose Some behaworal 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 
m rats [16] On the other hand, hypothermm [42], hypoten- 
slon [31], decreased locomotor activity of gerbils (Experi- 
ment 1), and decreased efficiency m operant avoidance [31] 
or 2-way avoidance [25], reqmred 10-30 times as much 
CLON Some attempts have been made to separate pre- vs 
post-synaptlc action by the differential blocking properties of 
NE-antagonlsts [28, 31, 42] 

In spite of these complexities, it is safe to conclude that 
altermg NE action had no selectwe effects on invesUgat~on, 
habituation, or locomotor actwlty following injection Only 
24-hr later, the frequency measure, but not the duration 
measure was increased in male gerbils One possible expla- 
naUon 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 decreasmg fore- 
brain NE content by lesion of the locus coeruleus caused a 
decrease m locomotor activity, whereas decreasing NE 
forebraln content by lesion of the ventral NE bundle caused 
an increase m locomotor activity 

Norepmephrme-Dopamme Interactions 

As hypothesized, it was possible to prevent the disruption 
of habituation 24-hr after injection of APO by concurrently 
giving the appropriate dose of CLON Although these find- 
lngs suggest an Interaction of DA and NE systems in mediat- 
ing invesugation of novel stimuh and subsequent habitua- 
tion, the effects could be serendipitous As discussed earher, 
CLON has numerous effects on neuropharmacology and the 
present set of experaments 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, it was found that different doses of clonIdlne 
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were required to p reven t  the apomorphme  effect dependen t  
on sex The sex differences in drug effects  on the durat ion of  
invest igat ion 24-hr after InJection suggest that female  gerbils 
are more  sensi t ive to the reversing effects of  c lomdlne than 
are male gerbils (F~g 7A and C) The lower  dose (0 01 mg/kg) 
p reven ted  apomorphme  from disrupting m e m o r y  of  the cup 
m females  and the higher dose (0 3 mg/kg) was comple te ly  
disrupt ive whe ther  given alone or  w~th apomorphlne  

It appears  that sex differences in effect ive doses  are not 
merely  related ot the amount  of  responding foUowlng the 
drugs on Day I for two reasons  (1) The  percent  decrease  
used to de termine  habi tuat ion is based on the responses  of  
gerbils that rece ived  the same drug t rea tment  but were not  
exposed  to the cup on Day 1, providing a within sex, wlthm 
drug treatment comparison (2) A h~gh duration of  responding 
on Day  1 is not  necessary  for habituat ion on Day 2 This was 
demonst ra ted  by the 0 03 mg/kg C L O N  plus APO groups 
On Day 1, males and females  responded for only approx-  
imately 7 sec, comapred  to 20 sec for sal ine-treated gerbils 
(Fig 5) Both males and females  had signtficantly shorter  
durat ions of  responding on Day 2 than Nonexposed  gerbils 
(Fig 7a and C) There  was no s~gmficant habituation re- 
f lected in the f requency  measure  for ei ther male or  female 
gerbils even  at doses  where  habituat ion was clearly seen in 
the durat ion measure  This again suggests residual drug ef- 
fects that disrupted m e c h a m s m s  that maintain at tention to 
the sUmulus 

Day 1 responses  may be related to changes m actw~ty 
level  induced by the drugs Subjec twely ,  the combinat ion  of  
C L O N  and APO resulted in very  large startle responses  w~th 
low thresholds  m male and female gerbils as repor ted  m 
female [1] and male mice [20] Male gerbtls moved  around 
the arena more  rapidly after APO (1 mg/kg) or  after A P O  and 
C L O N  (0 01 mg/kg) than they d~d after sahne, whereas  
female gerbils moved  more slowly (F~g 9) Thus,  c lomdme 
did not affect apomorph lne -mduced  increase in locomotor  
act ivi ty to ei ther a t tenuate  or  potentmte it This contrasts  
with the potentiatxon of  apomorphme- lnduced  locomotor  ac- 
tivity in mice [1,20] and the at tenuat ion of  amphetamine-  
mduced  act ivi ty  in male rats [36] The sex difference in ac- 
tivity could also reflect  a difference m sens~tw~ty level as 
only one dose o f  APO is repor ted  Although act ivi ty scores 
are not available for gerbils receiving 0 03 mg/kg C L O N  plus 
APO,  our  subJect ive notes state that male and female gerbils 
had low threshold startle responses  Female  gerbils g~ven 0 3 
mg/kg C L O N  and APO also had low threshold startle re- 
sponses  whereas  sedat ion was noted m some of  the males 
We have  seen previous ly  that sedat ive effects of  o ther  drugs 
decreased responding the next day [8,10] 

The increase m locomotor  achvl ty  in male gerbils follow- 
mg APO m this exper iment  was not reported previously m 
apomorphlne- t rea ted  gerbds [7] H o w e v e r ,  in that experi-  
ment,  at 1 0 mg/kg apomorphine  (n=8),  the mean actwl ty  
score for males was larger than females but did not differ 
s tahst lcal ly,  nor  did the combined  mean for males and 
females  statistically exceed  the mean for controls  (n=52) In 
compar ison,  female rats had lower  ac t iwty  scores after in- 
j ec t ions  o f  0 1 mg/kg, and fewer  nose pokes after 0 1 or  1 
mg/kg A P O  than male rats, but the findings were  confounded 
by repeated mject~ons and by sex d~ffernences m the control 
data [23] 

Unfor tunate ly ,  the majori ty  of  the vast l i terature on be- 
haworal  effects o f  drugs has not included sex differences 
There  Is a growing body of  data, however ,  that suggest that 
sex differences are very important  m CA mediated behav- 
iors, such as amphetamine-  or  apomorphlne-mduced  
s teroetypy [32,34], locomotor  actwlty after 6 -OHDA DA le- 
sions [15], amphetamine-reduced locomotor  actwlty [17,35], 
and amphetamine-induced rotation [30] Estrogen treatment  in 
o v a n e c t o m l z e d  female,  intact male,  and prepuberal  female 
rats changes behawors  reduced by DA agonists [14,21] and 
modulates  DA agonlst  effects  on other  neurotransmlt ters  
[18], thus mdcatmg that sex differences may be related to the 
inhibitory and facdl tatory action of  estrogen on CA neurons 
[19] It is tempting to speculate  that the sex d~fferences found 
in the present  report  are related to natural es t rogens in 
female gerbds,  but only additional research wdl answer  that 
quest ion 

To summar ize ,  the same doses  of  C L O N  that prevented  
APO-mduced  d~sruptlon of  24-hr habituation did not reverse  
the APO-mduced  reduct ion in object investigation,  the 
APO-lnduced  reduct ion in odor  investigation and prefer- 
ence ,  nor the APO-mduced  changes m locomotor  act ivi ty 
Thus,  ca techolamlne  interact ions in medmtlon of  24-hr 
habituation are different than those revolved m mediat ion of  
behaviors  during the acute phase of  drug action 
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