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MORSE, A. C., V. G. ERWIN AND B. C. JONES. Strain and housing affect cocaine self-selection and open-field lo-
comotor activity in mice. PHARMACOL BIOCHEM BEHAV. 45(4) 905-912, 1993. —We recently conducted an experi-
ment to investigate the possible cooperation between genetic makeup and differential housing on cocaine self-administration
in male and female C57BL/6J and DBA/2J mice. Cocaine self-selection was measured in a two-choice test with one choice
being cocaine-HCI solution of 40 mg% in tap water and the other choice being plain tap water. Housing conditions began at
weaning (21-23 days of age) and consisted of group housed (GH) with 2-3 mice per cage, and isolated housed (IH) with 1
mouse per cage. The results of this study revealed overall strain, sex and housing differences, with C57BL/6Js consuming
more cocaine solution than DBA/2J subjects, females consuming more cocaine solution than males, and group housed
consuming more than isolate housed subjects. In a second study, the effect of differential housing on open-field locomotor
activity was investigated. Testing was conducted on two consecutive days, with subjects receiving an IP injection of saline on
day 1, and 15 mg/kg cocaine HC! on day 2. Four behaviors were recorded, including: total distance, nosepokes, stereotypy,
and margin time. Overall, the results revealed significant strain differences for stereotypy and nosepokes, and males were
found to be more activated by cocaine than females. Additionally, DBA males tended to be differentially affected by housing
condition, with IH showing suppressed locomotor activity as compared to GH subjects. Last, significant strain by housing
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interactions occurred in nosepokes and stereotypy time.

Differential housing Cocaine Locomotor activity

Oral administration Mice

THERE has been an increasing interest in the study of individ-
ual differences among animals in cocaine self-administration
(3,9,21) and locomotor response to cocaine (4,8,15,25). Previ-
ous studies have suggested that the variability in these behav-
iors may be influenced by factors such as genetic makeup,
sex, experiential history, and early housing environment.

Many studies have reported behavioral and neurochemical
differences between different rat and mouse strains in re-
sponse to cocaine (9,16). For instance, it has been shown that
short-sleep mice are more sensitive to high doses of cocaine
than long-sleep mice (5), and BALB/cBy mice show less liver
damage from high doses of cocaine than B6AF1 mice (23).
Similarly, it has been shown that DBA/2IbG mice are more
sensitive to the hepatotoxic effects of cocaine than C57BL/
6IbG mice (2). In addition to the strain differences, significant
sex differences in response to cocaine have been reported as
well. Studies have described females consuming more cocaine
(22) and being more susceptible to cocaine-induced liver dam-
age than males (23).

Experiential history may also play a role in this individual
variability. It has been reported that mice exposed to a novel

environment show greater initial activation produced by co-
caine than subjects with prior experience in the same environ-
ment (13). Moreover, it has been shown that a rat’s locomotor
response to a novel environment can predict its behavioral
and neurochemical response to cocaine (12). Lastly, manipula-
tion of the early housing environment has been shown to mod-
ify behavioral and neurochemical activity. Specifically, isolate
housed mice and rats have been shown to consume less orally
delivered cocaine than their group housed counterparts (8,11),
are less sensitive to the effects of cocaine (20), and are re-
ported to have altered noradrenaline, dopamine and serotonin
functioning (14).

The present study examines the effects of housing condi-
tion and experiential history on behavior in genetically defined
male and female mice. The first component of the study in-
volved investigation of the effect of group and isolate housing
on two-choice self-selection of cocaine in C57BL/6J and
DBA/2J mice. In the second component, we examined the
effect of differential housing on open field locomotor activity
in C57BL/6J and DBA/2J strains of mice. By addressing
these factors in one study, our goal was to more completely

! Present address: Alcohol Research Center, School of Pharmacy, University of Colorado Health Sciences Center, 4200 E. 9th Ave., Denver,

CO 80262-0238.
% To whom requests for reprints should be addressed.



8D ysLz (YY1} 6nTe (89) vL6 (13 Y4
9 0vLiT 90T aort (89) 6601 §T-0T
8'€)sTLe wosy 6o0ss (19) so11 0¢-s1
(€°€) 0°€8¢ 6ssLe (X422 21 @nes <091 G0ry (0v2) 9992 (89) €521 S1-01
(€°€) 6'9LT @eveLe (€9) 5792 @@ose6 o) s 608+ (8+0) £0z€ (69) 1621 o1-¢
(€°€)9€LT Wy 1e9e €90LT CRARNA €091 Losy (TTT) T16T (98) cop1 s-0 drewdy
9TeLe 8007 waes (€10 LL6 0€-§T
(') ¥'€9T €08y FOvL (1€ st §T-0T
©61)+'€92 DYy OIS (L) st 071
(s'9) 892 €9 ToLT o1 +'9z ©18s Sovi (€€)99 (€61) L99€ (L17) 0611 S1-01
(8'9) 0°897 (s'9)0°0LT @#'11) 0°8¢ 6nDTs 9N9T ©9¢ (T67) 995 (Le1) 1021 o1-¢
(T°€) 8'8927 S9N9e6tr ) 96T (CEIRTI @To¥o mze (s72) 869¢€ Lm Lsel 0 N ro/vaa
v ¥'197 (€ T9€ (L9891 (8S1) 9121 0€-ST
T ToLz (6'9) s¢ @9 Wz w11 §T-0T
(S 202974 (€°01) LE 6nNs (111 801 0T-§1
9Lz weroLe LDz sy (T6)8's¢ oL ((xARE! YD) £v9T (zL1) 8921 SI-01
(1'9) 9°€8¢ (S'v) $'89T (T'81)8°99 W6 89 @11 wava (90¢£) L8EE @z verl 01-¢
(9°€) 8°587 (5°8) 0°897 oz (8°6) 9'+S amz LDys (601) v6€€ (991) LT91 $-0 afewdd
Lon 8Lz €9 Ter ©'9) 86 (Sp1) pIL 0€-SC
(6'6) 8'8L7 we sel aas (€ST) 97L §T-0T
(8'9) 0°5L2 (1°5) 8°07 6'£)89 (091) 806 0Z-¢s1
(L'¥) 0'¥82 sDzoLe (RIS P LT €98 D¢ (961) LOPE TV 156 S1-01
(T 988z (8°¢) 8°7LT (9'6)9°9¢ s (se)sy aaee (€277) 8LLE (88) 9€21 01-¢
[T T682 8'97L927 anes @D L aacs (091) 091¢€ 297 8TT1 -0 e 9/714LSO
aureso) surres ureso) aurres aureso) auires ume’0) sulpes dnoin
(NgS F) ueay (WFS F) uesy (WES F) ueo (Wds F) ueap suny X3 urens
auny uidrep sun], Ad£1001315 sayodosoN () 2dueISI [e10], wEm:ﬂnM

HOIW QHSNOH HLVTOSI ANV dNOYD VOA FWILL NIDOYVIN ANV ‘GINIL AJALOFAYHLS ‘SHIOJASON ‘HONVLSIA TVIOL 04 SWHS ¥ ANV SNVEW

19714dV.L



(o) 8viz
(9'9) L7182
e oeLz

s 66LT
(s e's8C
§'9)¥'99T

oLz
(I'v) 1°€82
990182

{o"L) 07982
89 v18¢C
(9°¢) 9° 06T

(1v) 1'89¢
(1°9) 1°69¢
0°s)0'89¢
(6°9) L'892
(6°%) §7€92
(s'L) 0°ssT

€901LT
9 L'v9T
TP §'8LT
wrree
W)L
(L'¥) 67§92

(6'9) 0°TLT
(86} 0°79¢
0L
Lo s
9062
(s’s)8'0LT

(L'9) 182
(8'9)9°1L2
(€S) v'9LT
(8°5) 9°08¢
I'v) ¥'T82
(901 +'1LT

o) 8z
(€9 0°€€
(s'v) ¥og

@’ €6z
990Lg
@9 1rer

(96) S'€2
T6) 84T
O € T9E

(L"81) ¥°05
@onviv
89005

(B2 X%4!
(CWAY rad
€9
@Oy
(6°9)S'ST
9°'L) 80t
D19

wneo

advs

adeL

1-€)96

o)L
#'$) 91
(s°S)S'€T
9o Lel
@9
CHANA 4
©'®)sov
@) ve

099LT
(€L vog
{e¥) 967
I 99t
(T'6) 9%

@n
rnre
SD1e

@060
€060
90z

GOy
DYy
repLs

€01
Loz
(5996

€Ds9
©eLs
®nDrs
6€T6
&Lz
€neLe
€Dy9
@wnss
6092
(3229
@nDLL
9oLz
6Dv's
@y sst
9 o1
(@2XA
a9ver
86
aadzcs
(XX
we zol
8ves
@9
B07¢

(65D €vLT
(840) 66LE
(9z1) 789¢

(9s€) 9082
(12p) 00vE
(L9¢) 9s1€

(€81) T6ST
(2027) 660€
(801) 0962

(¥99) 091€
(029) osve
(s91) s6z¢

(001) 88¢€1
(s6) €L21
(zzn) vest
(1v1) €821
(L91) 9191
(98) L8sT

oPD) LETT
(1z1) 8911
(8S1) 8621
(TL1) 99¢€1
(s81) 90p1
(s61) 18L1

(LL) Lse
(16) 0501
(g01) 9901
(z9) Lz21
(621) €591
6) 9191

(96) 16L
05) L06
(€91) 666
(801) €6
(06) ¥821
#12) €21

0€-¢T
§T0T
0T-¢1
S1-01
01-¢
-0
0£-$T
§T-0T
0T-s1
S1-01
01-¢
§-0

0t-5T
§T-0T
0Z-§1
ST-01
01-¢
$-0
0£-ST
§T-0C
0T-s1
S1-01
01-§
$0

arewag

e

afewaf

e

fe/vada

19/14LED

27e[0S]

907



908

Two-Choice Oral Selection Results
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FIG. 1. Effects of housing condition, strain, and sex on mean
(+SEM) cocaine consumption (mg/kg) in two-choice oral selection
study. Male and female C57BL/6J and DBA/2J mice were tested over
5 days. Subjects had choice between plain tap water and tap water
with cocaine HCI (40 mg %).

characterize individual and environment-interactive effects on
cocaine related behaviors.

METHOD

Animals

Male and female C57BL/6J and DBA/2J mice derived
from our own colony served as subjects in this study. Subjects
were weaned into group (2-3 mice/cage) or isolate (1 mouse/
cage) conditions between 21 and 22 days of age. Siblings were
assigned to different treatment conditions. Temperature and
humidity were maintained at 22°C and 20%, respectively,
with light cycle, 0700 L : 1900 D. Food and water were avail-
able continuously.

Cocaine Self-selection

At weaning (21-23 days of age) subjects were separated
into GH or IH conditions. At 63-113 days of age, all subjects
were placed into individual cages (30 x 26 x 23 cm Plexiglas
chambers) equipped with two drinking-fluid reservoirs. Reser-
voirs consisted of 15-ml plastic graduated cylinders fitted with
stainless-steel ball-stop sipper tubes. Cylinders were placed in
the stainless-steel cage top approximately 5 cm apart, extend-
ing 1 cm into the cage. Animals were weighed on day 1, and
fluid levels were recorded and refilled at the same time for the
following 4 days. On the final day, subjects were weighed
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again. Averaged weights were used to calculate mg/kg cocaine
consumed per day.

Activity Monitor Testing

At 63-113 days of age, group and isolate housed animals
received an isovolumetric IP injection of sterile saline on day
1, and a 15-mg/kg dose of cocaine HCI dissolved in sterile
saline on day 2 (1.2-mg cocaine/ ml saline). Immediately fol-
lowing injections, animals were placed into an automated ac-
tivity monitor (Omnitech, Inc., Columbus, OH) for 30 min
on day 1, and 15 min on day 2. The Digiscan activity monitor
isa40 x 40 x 30.5 cm acrylic cage with vertical and horizon-
tal infrared sensors. The flooring is an elevated acrylic plat-
form with 16 equally spaced holes (4 x 4, approximately 1.5
cm diameter). Total distance, stereotypy time, nosepokes, and
margin times (thigmotaxis, a putative measure of anxiety)
were recorded during successive 5-min intervals. Stereotypy
time was defined as a composite score for all behaviors that
caused repeated breaks of the same beam pattern (6,19).

Data Analysis

Statistical analysis of the self-selection and behavioral data
was performed using analysis of variance as appropriate for
between-subjects and mixed between- and within-subjects ex-
periments. For the oral self-selection data, we used a three
between-subjects (housing, strain, sex) and one within-sub-
jects factor (day) design. For the open field behavior data, we
used a three between-subjects factors (strain, sex, treatment)
and two within-subjects factors (day, time) design. Difference
scores for open-field behaviors were calculated by subtracting
saline scores from cocaine scores.

RESULTS

Oral Self-selection

Figure 1 illustrates mean cocaine consumption (mg/kg)
scores across the 4-day test period for housing (top panel),
strain (center panel), and sex (bottom panel). Analysis of vari-
ance revealed significant effects for day, F(3, 252) = 11. 66,
p < 0.0001; housing (grouped > isolate), F(1, 84) = 4.29,
p < 0.05; strain (C57BL/6J > DBA/2J), F(1, 84) = 10.91,
p < 0.001; and sex (female > male), F(1, 84) = 6.49, p <
0.01.

Open Field Behavior

Total distance difference scores (Fig. 2) revealed significant
differences between males and females at the 10- and 15-min
time intervals; F(1, 54) = 5.015, p < .03; F(1, 54) = 9.411,
p < 0.003, respectively, with males having greater locomo-
tion difference scores than females in both cases. At the 5-min
interval there was a significant strain by sex by housing inter-
action. GH DBA/2J males had higher scores than GH DBA/
2J females, but IH DBA/2J males had lower scores than IH
DBA/2J females; F(1, 54) = 5.177, p < 0.03.

Stereotypy difference scores (Fig. 3) showed a significant
effect for strain (DBA/2J > CS7BL/6J), F(1, 54) = 7.745,
p < 0.007; and sex (males > females), F(1, 54) = 4.565,
P < 0.04 at the 5-min time interval. At the 15-min time inter-
val, sex effect approached, but failed to reach statistical signif-
icance, F(1, 54) = 3.718, p < 0.059.

Nosepoke difference scores (Fig. 4) were significantly dif-
ferent for strain (C57BL/6J > DBA/2J) at 5 min; F(1, 54)

= 7.066, p < 0.01. We also observed a significant difference
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HOUSING AFFECTS COCAINE CHOICE AND ACTIVITY

between housing conditions (group housed > isolate housed)
at 15 min; F(1, 54) = 4.673, p < 0.03. Margin time differ-
ence scores (Fig. 5) revealed a significant strain by treatment
interaction for males and females at 10 min. C57BL/6J GH
had higher scores than IH, and DBA/2J IH had higher scores
than GH; F(1, 54) = 15.568, p < 0.0002. All activity
measures recorded for saline and cocaine are presented in Ta-
ble 1.

DISCUSSION

The results of this study lend further support to the grow-
ing body of evidence that genetic makeup, sex, and early hous-
ing environment can influence cocaine related behaviors. In
the self-selection study, C57BL/6J mice consumed more co-
caine solution than DBA/2J’s on all days of testing with the
exception of the first day. In the open-field locomotor study,
the strains differed significantly on measures of stereotypy,
and nosepokes. The results of our selection and locomotor
studies suggest genetically based variance in preference for
cocaine and reactivity to its activating effects.

Our finding of a sex difference in oral cocaine consumption
was in agreement with previous research (11), yet it was inter-
esting to note that females also had significantly lower activity
scores than males. These results suggest that while females
consume more cocaine than males, they show less locomotor
activation. Sex differences in cocaine induced hyperlocomo-
tion and avidity for cocaine indicate an area that needs to be
more thoroughly addressed in the literature. An overwhelming
majority of studies in this area have included only male sub-
jects, and as a consequence do not provide a complete account
of the effects of cocaine on a given species. Other animal
studies have shown these sex differences to be of significance
(22,23), and they may prove to be important in human drug
use research. Not all measures showed differences resulting
from treatment or sex conditions. For example, stereotypy
was refractory to changes in housing condition, and also
showed no sex differences. This may indicate that neurobio-
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logical systems differ with respect to environmental conditions
or gender.

Lastly, our differential housing results were in agreement
with previous research, with GH subjects consuming more
cocaine solution (8,11), being more sensitive to the activating
effects of cocaine (20), and displaying more nosepokes than
their isolate housed counterparts. These differential housing
results are not surprising when one considers the large body
of evidence linking social isolation with alterations in biogenic
amine dynamics. Previous research has shown cocaine to in-
hibit uptake of dopamine (DA), norepinephrine (NE) (18),
and serotonin (5-HT) (10,17). Studies with individually
housed mice have shown reductions in adrenal catecholamine
synthesizing enzymes (1), brain turnover rate of NE (26), and
higher dihydroxyphenylalanine (DOPA) and tyrosine levels
(27). Additionally, when exposed to a novel environment or
aggressive situation, there is a significant increase in the turn-
over of DA, NE, and 5-HT in IH as compared to GH mice
(7,14,24). These environmentally induced changes in combina-
tion with the cocaine related alterations of catecholamines
may account for the observed behavioral differences between
group and isolate housed subjects. The continuous decrease
in daily cocaine consumption in both group and isolate housed
subjects may be a result of sensitization to the stimulatory
effects of cocaine.

In summary, our findings support and extend the observa-
tions and conclusions of other researchers demonstrating that
genetic makeup, sex, and housing conditions can influence
cocaine related behaviors in mice. Future studies in this area
should address the influence of factors such as genetics, sex,
housing, experiential history, and their interactions. A better
understanding of the complex relationships between these fac-
tors in animals may lead to the development of more effective
treatment strategies in humans.
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