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Abstract We examined the possibility that anoxia daering central dopamine (DA) function. Schizophrenia,
birth can alter behavioral sensitization to amphetamiparticularly the positive symptoms of the disease, is
during adulthood. Male rats born either vaginally or hought to reflect a functional hyperactivity of ventral
Cesarean section with or without an additional 15-miegmental DA neurons that innervate nucleus accumbens
period of anoxia received five once-daily injections of giNAcc) and other subcortical regions (Davis et al. 1991,
therd-amphetamine (2.0 mg/kg, IP) or vehicle or no pr&unahara et al. 1993; Seeman 1995).

treatment. One week later, all animals received a chal-Experimental evidence suggesting that obstetric com-
lenge injection of amphetamine (0.5 mg/kg, IP). The dplications may later alter central DA function is starting
ta indicate that all three birth groups of animals pretretd-emerge. Bjelke et al. (1991) found increased tyrosine
ed with amphetamine had sensitized equally to the druigigiroxylase-immunoreactive cells in the ventral tegmen-
behavioral effect. Of animals pretreated with salin®l area and substantia nigra of rats that had been sub-
however, only those born by Cesarean section with agietted to an anoxic episode following Cesarean birth.
ed anoxia displayed a sensitized response to ampReatrinatal asphyxia has also been reported to induce long-
amine, suggesting that the stress of daily injection wism changes in various neurotransmitter systems includ-
sufficient to sensitize these animals to amphetamiieg mesencephalic DA neurons (Loidl et al. 1994) as
These findings provide experimental support for clinicalell as short-term alterations in markers for transcription
evidence implicating obstetric complications, such &ctors such as Fos (Dell’Anna et al. 1995). We have re-
perinatal anoxia, in the pathophysiology of schizophreently reported that Cesarean birth, with or without an

nia. added period of anoxia, enhances stress-induced DA re-
lease in NAcc during adulthood (Brake et al. 1997).

Key words Cesarean section - Locomotor activity - Dopamine has been implicated in the pathophysiolo-

Birth complications - Schizophrenia - Dopamine - gy of schizophrenia in part by evidence that some of the

Behavioral sensitizatic:n cardinal symptoms of the disease are exacerbated by

stimulants such as amphetamine (Connell 1958; Janow-
ski and Risch 1979; Lieberman et al. 1990) and by stress
Introduction (Joseph et al. 1979), both of which are known to stimu-
late DA release in animals (Wilcox et al. 1986;
Increasing evidence points to a link between the indietterstrom et al. 1988; Abercrombie et al. 1989; Mai-
dence of obstetric complications and risk of developisgnneuve et al. 1990; Doherty and Gratton 1992; Banks
schizophrenic symptoms (Pollack et al. 1966; Pollin aadd Gratton 1995). With repeated intermittent adminis-
Stabenau 1968; Woerner et al. 1973; Lewis and Murtagtion, animals will sensitize to the acute locomotor
1987; DelLisi et al. 1988; O’Callaghan et al. 1992timulant effect of amphetamine and other drugs that fa-
Brixey et al. 1993; Norman and Malla 1993; Verdouilitate DA transmission (see review by Kalivas and
and Bourgeois 1993; Gunther-Genta et al. 1994). Oaewart 1991). In addition to its behavior arousing ef-
consequence common to many obstetric complicationgdsts, mild stress stimulates mesocorticolimbic DA trans-
a transient period of anoxia to the fetus. How an anoxinission and with repeated exposure animals will sensi-
episode at birth would increase susceptibility to schiziize to both effects (Antelman 1988; Doherty and Grat-
phrenia is open to speculation. One possibility is by &abn 1992). Moreover, repeatedly stressing an animal will
] . not only sensitize it to the effects of subsequent stress
‘[’)VéﬁgE;"",'f.%spfia?%kjﬁeafc'hségﬁ° but also to those of stimulants (Antelman et al. 1980;
6875 LaSalle Blvd, Verdun, Québec, Canada H4H 1R3 Robinson 1988; Sorg and Kalivas 1991). Thus, behavior-
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al sensitization to stimulants and stress is viewed as éhedays, animals were randomly paired and housed on a 12-h
of the more compelling animal models of altered D!&ghFl/dgtlrk %yﬂ?_ (lights on at 0800 hours) with food and water
function presumed to underlie some schizophrenic synfj§2apie ad libitum.
toms.

In the present study, we further investigated the poS3iecedure

bility that perinatal factors can influence central DAroups of VAG, C+0 and C+15 animals=@6/group) were tested
function during adulthood. Specifically, we examined ﬁ 3-4 months of age. Locomotor activity was monitored between

a rat model of Cesarean birth whether an episode of 8650 and 1400 hours in 12 activity chambers housed in a dimmed
oxia alters the development of sensitization to the logeem. Each chamber (30x40x40 cm) was equipped with two pho-

motor stimulant effects of amphetamine during aduteelectric switches; light beam interruptions from each chamber

hood. It was hypothesized that animals that had und@?!® monitored and stored by a microcomputer. During the Base-
Ihe session, the spontaneous locomotor activity of all animals was

gone Cesarean birth, with or without an additional perighnitored for 3 h. Twelve animals from each birth group were
of anoxia, would sensitize more readily to the stimulafien assigned to one of three pretreatment conditions such that
effects of amphetamine. each group had comparable mean total spontaneous activity
scores. Animals from each birth group were injected at the begin-
ning of each of five consecutive daily 3-h sessions either gvith
amphetamine sulfate (2.0 mg/kg, IP) or an equal volume of the sa-
Materials and methods line vehicle (1 ml/kg, IP). Animals assigned to the no-pretreatment
condition were simply placed in the locomotor chambers for 3 h
on each of the 5 days. One week after pretreatment day 5, all ani-
mals received a challenge injection of amphetamine (0.5 mg/kg,

P) after which locomotor activity was monitored for 3 h. Each an-

All procedures were carried out in strict accordance with t)-lm " :
guidelines established by the Canadian Council on Animal ca _al was tested in the same chamber throughout the experiment.

Rats were delivered via Cesarean section and asphyxiated accord-

ing to methods modified from those first reported by Bjelke et ?é ta analvsis

(1993). On the day of parturition, Sprague-Dawley dams (Char g y

River, St Constant, Québec) were decapitated and hysterect iistical comparisons between birth groups (VAG, C+0 and

B s amcaly 100k 30,10 & o1 i S, oS 9"UEL1S) and pretreament condions (amphetamine, saine, no re-
f including the fet h diatelV i din@ 3 ‘étatment) were based on differences in total locomotor activity
uterus, including the fetuses, was immediately Immersed | ores, defined here as the sum of photobeam interruptions record-

;s.alin?hbatktl for 13.5 min. Thedperi?lg of z?.noxg;\ maslgesﬁned a;s during a 3-h session. A one-way analysis of variance (ANOVA)
ime the uterus was immersed in the saline bath (13.5 min) 10 oS’ ,seq 1o assess differences between birth groups on spontane-
moment the pups began breathing on their own. All the pups w

then delivered from the uterus within approximately 1.5 min of r

{_noval from the bath and, if necessary, were gently palpated to Dretreatment condition, whether activity scores in the three birth
iate breathing. No other measure was necessary to resuscitat rlg‘ os differed significantly between test days. The effects of
pups which, in all but a few exceptions, readily survived the pegis ) group and pretreatment condition on locomotor activity elic-

Intra-uterine anoxia

ia insult resulting from this procedure is relatively moderate.

comparison to humans, the rat brain at birth is much more re

tant to anoxic episodes (Jilek et al. 1970). A second birth o.;ufo

comprised pups born by Cesarean section with no added periog 0

anoxia (C+0). These animals were delivered from the uterus i

mediately after hysterectomy. Thus, apart from the time taken

deliver the pups from the uterus, animals in the C+0 group w:

not subjected to any additional period of anoxia. Finally, a thi

group of animals comprised pups that were born vaginally (VAG).
Both groups of pups delivered by Cesarean section were placed

on a heating pad until they had fully recovered. Pups of the C+0

group breathed regularly without prompting and exhibited coI(c]ﬁ ults

muscle tone and activity levels comparable to those observe RS

VAG pups 1-2 min after birth. In contrast, C+15 pups breathed at )

a reduced rate, exhibited poor color, lacked muscle tone and Baseline session

mained inactive for 15-20 min after birth. Although vital signs

were not monitored in the present study, Bjelke et al. (1991)§§)

ince with a two-way ANOVA. Differences between birth group
d pretreatment condition on activity scores recorded during the

nt when the animals were still naive to experimental conditions.
.,' en indicated, post-hoc comparisons were performed using Tu-
ey's Honestly Significant Difference (HSD).

ported that heart rate in similarly treated pups remained relativ ontane_ous lOCO.mOtO.r aCt'V't.y scores .recorded during
stable at 140160 beats/min during the initial 5-7 min of anoide Baseline session did not differ significantly between

before decreasing steadily to 80-100 beats/min after 15 min. Tigth groups F(2,81)=1.879,P=0.1593]; the mean total
same authors also found variable levels of oxygen saturation in gativity scores (+tSEM) for the VAG, C+0 and C+15
oxic pups; levels ranged from 10 to 35% after 15 min of a“OXia-h%oups of animals were 1074.42 (+75.49), 952.06

Pups were cross-fostered with surrogate dams in litters of ;
pups/dam and each litter comprised pups from each of the t %4'27) and 1093.20 (£75.98), respectively.

birth groups; body weight in C+0 and C+15 animals were previ-

ously reported to be comparable to or greater than that of VAG an-

imals at 1, 5, 12 and 24 h after birth (EI-Khodor and Boksa 199 etreatment day 1
A code consisting of a small amount of indelible ink injected into

one of the paws was used to later identify animals from diﬁer%{Jt. . - . . .
birth groups. Only male pups were included in the study to avaidis analysis revealed a significant interaction of birth
confounding group effects with sex differences. Upon weaninggttoup and pretreatment effects on locomotor activity
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A —e— VAG| scores of the first pretreatment sessiBM[87)=3.575,
5000 T——AMPHETAMINE  PRETREATMENT—.__o .9 | P=0.0095; Fig. 1]. Post-hoc comparisons indicated that
—0— c+15| the first amphetamine injection elicited significantly
a000{ ¥ [ greater increases in locomotor activity scores in the VAG
group of animals than in animals of the C#%(.01)
and C+15 P<0.05) groups. Furthermore, while there
were no birth group differences in animals assigned to
the no pretreatment condition, activity scores during the
200011 I first saline pretreatment session were significantly higher
in the VAG group of animals than in animals of the C+0

10001 i ' group P<0.01).

30001

Day 1 vs Day 5: sig. p < 0.05

1 2 3 4 5 Differences within pretreatment condition

Amphetamine

50007 SALINE PRETREATMENT

Locomotor activity scores differed significantly between
40007 [ test days in animals that received amphetamine as the
pretreatmentH(4,132)=3.137P=0.0168; Fig. 1A]; there
3000 ¥ » was no effect, however, of birth group or of a birth group
by pretreatment day interaction. Subsequent analysis
i confirmed that, overall, activity scores on the last am-
* * phetamine pretreatment day were significantly higher
T than those seen on dayH<(Q.05).

20001

MEAN TOTAL PHOTOBEAM
INTERRUPTIONS (+ SEM)

1000

ol — . . , Saline

C There was a significant interaction of birth group and
10007————NO PRETREATMENT— test day on activity scores when animals received once-
daily saline injections as the pretreatmeR{(8[132)
=2.796,P=0.0068; Fig. 1B]. Post hoc analysis indicated
7501 - that, whereas activity scores for the C+0 and C+15
groups of animals did not differ across pretreatment
days, activity scores for the VAG group of animals on sa-
5001 - line pretreatment day 5 were significantly lower than
those on day 1R<0.01). The analysis also indicated that
activity scores of animals in the C+0 group were signifi-
2501 . cantly lower than those of the C+15 group on says 2 and
4 (P<0.05) and of both the VAG and C+15 groups on day
1 (P<0.01).

C+15vs VAG & C+0: sig. p < 0.05

1 2 3 4 5
PRETREATMENT DAY No pretreatment

Fig. 1 A-C Mean total photobeam interruptions (+SEM) recordfhere was a significant effect of birth group on the activ-

ed during each of the five pretreatment sessions from separtate ; ;
birth groups of animals that received once dailgmphetamine {S; scores of animals assigned to the no pretreatment

(2.0 mglkg, IP), saline (1 mi/kg, IP) or no pretreatmaniam- condition F(2,132)=5.272,,=0.0103] but none of test
phetamine pretreatment: overall activity scores were higher on @8y or of a birth group by test day interaction (Fig. 1C).
5 compared to day 1P€0.05); * indicates higher activity scoreSubsequent analysis confirmed that, overall, activity

on day 1 in VAG group compared to C+P<Q.01) and C+15 + i i
(P<0.05) groupsB Saline pretreatment: T indicates lower activitscoreS for the C+15 group of animals were higher than

scores in VAG group on day 5 compared to dap<40(01); a indi- ¥hose of animals in the C+0 and VAG groups(@.05).

cates higher activity scores on day 1 in VAG group compared to

C+0 group P<0.01); * indicates lower scores on days 1, 2, and 4

in C+0 group compared to C+15 and VAG groups(.05).C No  Amphetamine challenge

pretreatment: overall activity scores were higher in C+15 group

compared to C+0 and VAG groupB<0.05). AbbreviationsVAG . C .

vaginally born; C+0 Cesarean section with no added anoxid;h€ amphetamine challenge injection produced increases
C+15 Cesarean section with 15 min of added an:ixia in locomotor activity scores, the magnitude of which was
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AMPHETAMINE CHALLENGE (0.5 mg/kg) phetamine challenge and by a large body of evidence in-

* % T VAG dicating that the behavioral effects of stress will cross-
O C+0 sensitize with those of stimulants (Antelman 1988; Rob-
B C+15 inson 1988).

I That a mild stress should sensitize C+15 animals
more readily to the effects of amphetamine is congruent
with some but not all of our previously reported findings
(Brake et al. 1997). In that study we found that stress-in-
duced DA release in NAcc of adult animals that had sus-
tained 5 (C+5) or 15 (C+15) min of anoxia following Ce-
sarean birth became progressively more pronounced with
each daily test; in contrast, no day-to-day enhancement
of the acute NAcc DA stress response was found in ani-
_ mals born vaginally. However, contrary to the present re-
0 MPHETAMINE SALINE  NO PRETREATMENT sults, animals born by Cesarean section with no added

@0 mg/ke) anoxia (C+0) also developed a sensitized NAcc DA re-
PRETREATMENT CONDITION sponse to stress. Thus, whereas birth by Cesarean section
. . . was a sufficient condition for the development of a sensi-
Fig. 2 Mean total photobeam interruptions (+SEM) recorded dyt- .
ingJ the amphetam?ne challenge sessFi)on in (separage birth grou;ﬁztﬁd NA.CC DA response to stress, a period of added an-
animals 1 week after receiving once daily amphetamine or sai@¢a during Cesarean birth was apparently necessary for
or no pretreatment. ** Indicates significantly higher activitgtress-induced behavioral sensitization to amphetamine.
scores in C+15 compared to C+0 and VAG groups of saline-pie-could be argued that IP saline administration repre-
treated animalsi<0.0L, sents a milder stress than the 15-min period of tail pinch
used in our previous study. If so, then it is possible that
significantly affected by birth groupF{2,98)=10.661, the stress associated with each saline injection was insuf-
P=0.0001], pretreatment history F([2,98)=42.372, ficient to sensitize all but those animals that had been
P<0.0001] and by an interaction of birth and pretreadubjected to 15 min of anoxia after Cesarean birth. Other
ment conditions F(4,98)=4.065, P=0.0043; Fig. 2]. than this, we can presently offer no explanation for this
Analysis of simple main effects revealed that the thrdiscrepancy.
birth groups of amphetamine-pretreated animals did notA decrease in locomotion concomitant to an increase
differ in their response to the challenge injection stereotypy is an obvious but unlikely explanation for
(P>0.05). This was true also of animals with no pretredhe relatively weaker locomotor response of C+0 and
ment history P>0.05). There was, however, a significaAG saline-pretreated animals to the drug challenge.
effect of birth group among saline-pretreated anim&sereotypic behaviors (e.g. grooming, focused sniffing)
[F(2,98)=16.840, P=0.0001]; post-hoc analysis conthat are incompatible with locomotion and that normally
firmed that the amphetamine challenge injection proecur at high doses of amphetamine can also be ob-
duced greater increases in activity scores in animalssefved in sensitized animals in response to lower doses
the C+15 group than in either of the other two birthf the drug. However, the within-session pattern of in-
groups of animalsR<0.01). creased locomotion elicited by the drug challenge is in-
consistent with that of animals engaged in stereotypic
behaviors (see Fig. 3). Had this been the case, activity
Discussion counts would have been low during the first 30—60 min
of the session, when brain levels of amphetamine are
Adult animals that sustain a period of anoxia during Ceresumably highest, but would have been expected to in-
sarean birth will sensitize to the locomotor stimulant efrease during the latter part of the session (Segal and
fect of amphetamine under conditions that do not leadkoczenski 1987). Our data indicate instead that changes
sensitization when animals are born vaginally or by Ge-locomotor activity paralleled the rise and fall in brain
sarean section without added anoxia. Thus, whereascalicentrations of amphetamine.
three birth groups of amphetamine-pretreated animalsWhile significant birth group differences in spontane-
appeared to sensitize equally to the drug’s locomotmrs activity were not seen during the Baseline session,
stimulant effect, similar evidence of behavioral sensitizihe C+15 group of non-pretreated animals were general-
tion was observed only in the C+15 group of animdls more active than C+0 and VAG animals across pre-
when saline was given as the pretreatment. The most tobatment test days. Thus, the extent to which spontane-
vious explanation for this finding is that the stress assmts locomotor activity was affected by birth anoxia is
ciated with each daily saline injection was sufficient tanclear from the present data. Differences were also seen
sensitize these animals to the effects of the amphetantie&wveen birth groups in the animals’ locomotor response
challenge. This conclusion is supported by the fact thateach daily saline injection. However, these did not
none of the three birth groups of animals with no prpredict birth group differences in the locomotor response
treatment history differed in their response to the ama-the amphetamine challenge injection. Animals of the

4000

3000 1

2000 1

1000 1

MEAN TOTAL PHOTOBEAM
INTERRUPTIONS (+ SEM)
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—e— VAG two groups of animals. The functional significance of
400—A——AMPHETAMINE PRETREATED—{—0— C+0 this finding is difficult to assess. On the one hand, the
—O— C+15 initial subsensitivity to amphetamine seen in the present
study did not predict which birth group of animals would
develop sensitized responses to the drug; evidence of be-
havioral sensitization was found in all three birth groups
of amphetamine-pretreated animals and only in the C+15
group of saline-pretreated animals. Furthermore, the
three birth groups of animals with no pretreatment histo-
ry did not differ in their response to the challenge injec-
tion of a low dose of amphetamine; since this was also
their first drug injection, C+0 and C+15 animals should
0 ¥ - - have, but did not, display a similar initial subsensitivity.

0 60 120 180 On the other hand, a similar subsensitivity to the acute
effects of amphetamine has been reported by others. Lo-
idl et al. (1994), for instance, found that animals that had
been exposed to a minimum of 20 min anoxia at birth la-
ter displayed decreased striatal DA release in response to
300 I an acute injection of amphetamine (2.0 mg/kg) when
compared to controls. Furthermore, in a study that inves-
tigated the long-term effects of premature birth, Blan-
chard et al. (1992) found that rats born by Cesarean sec-
tion 1 day prior to parturition displayed a reduced loco-
100 . motor response to acute amphetamine injection
(2.0 mg/kg) when compared to vaginally born controls.
Interestingly, this subsensitivity was not observed at a

3001

2001

1001

400- SALINE PRETREATED

2001

MEAN PHOTOBEAM
INTERRUPTIONS/ 10 MIN (+ SEM)

0 ' ' - lower dose of amphetamine (viz. 0.5 mg/kg); this finding
is consistent with the present data showing that the birth

C groups of non-pretreated animals responded similarly to
NO PRETREATMENT r

4007 the lower, challenge dose of amphetamine. It should be

noted, however, that since animals born via Cesarean
section on the day of parturition were not included in the
study of Blanchard et al. (1992), it is difficult to deter-
mine if these effects can be attributed to premature birth
or the Cesarean procedure. Nevertheless, taken together
with the present results, these findings suggest that the
influence of perinatal factors on central DA function is
experience-dependent. As such, they also underscore the
importance of examining the acute response to repeated
amphetamine administration.
0 60 120 180 There are several factors intrinsic to the Cesarean pro-
TIME AFTER CHALLENGE INJECTION (min) cedure which may have contributed to results of the pres-
ent study. These have been discussed in detail elsewhere
Fig. 3A—C Mean photobeam interruptions (+SEM) recorded 4Brake et al. 1997). Briefly, in comparison to VAG ani-
10-min intervals in separate birth groups/famphetamine-B  mals, C+0 animals have reduced levels of plasma cate-
saline- orC non-pretreated anirrJaIs following the amphetaminghglamines at birth (El-Khodor and Boksa 1997) and of
challenge injection (0.5 mg/kg, 1) plasma corticosteroids at least 1 h after birth (Boksa
1997). Since both catecholamines and corticosteroids
C+0 group were generally less active following each gomote maturation of lung function during the first few
line injection than VAG and C+15 animals which haldours after birth (Walters and Olver 1978; Fisher et al.
comparable activity scores throughout the 5 pretreatm&f81), a period of hypoxia to the fetus is very likely a
days. Yet, the amphetamine challenge data indicate tt@tsequence intrinsic to the Cesarean section procedure
the effects of repeated saline injections on the C+G%ed here. Yet, adult C+0 and C+15 animals perform
group of animals differed from those on the two othaormally on generalized testing of sensorimotor func-
birth groups. Similarly, the present data indicate C+0 atidn, although animals of the latter group do show subtle
C+15 animals were initially subsensitive to the locomdeficits in acquisition of a spatial memory task (Boska et
tor stimulant effect of amphetamine; when compared @b 1995). More important perhaps, both C+0 and C+15
the group of VAG animals, locomotor activity recordednimals have a blunted corticosterone response to stress
on amphetamine pretreatment day 1 was lower for thesewell as reduced levels of type | glucocorticoid recep-

3001

200

100

0
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tors in hippocampus and hypothalamus (Boksa et @pnnell P H (1958) Amphetamine psychosis. Chapman and Hall,
1996). Thus, the changes in hypothalamic-pituitary-adng- London

. - T vis KL, Kahn RS, Ko G, Davidson M (1991) Dopamine in
nal axis function suggested by these findings may a schizophrenia: a review and reconceptualization. Am J Psychi-

have contributed to alter the development of stress-in-atry 148: 1474-1485
duced behavioral sensitization to amphetamine. Dell’Anna E, Chen Y, Loidl F, Andersson K, Luthman J, Goiny
In conclusion, the findings reported here add to a M, Rawal R, Lindgren T, Herrera-Marschitz M (1995) Short-

; ; S i At } term effects of perinatal asphyxia studied with Fos-immunocy-
body of experimental evidence indicating that long-term tochemistry and in vivo microdialysis in the rat. Exp Neurol

changes in central DA function can occur as a result of 131: 279_5g7
obstetric complications involving an episode of anoxia beLisi LE, Dauphenais ID, Gershon ES (1988) Perinatal compli-
the fetus. Specifically, the present results suggest thatcations and reduced size of brain limbic structures in familial

i i chizophrenia. Schizophr Bull 14: 185-191
one cpnsequenfce of tlhesb‘? Cginges IS an ml;:rﬁaseq)qr erty M, Gratton A (1992) High-speed chronoamperometric
sponsiveness or mesolimbic neurons to behavioral measurements of mesolimbic and nigrostriatal dopamine re-

sensitizing agents such as stress and stimulants. Amongease associated with repeated daily stress. Brain Res 586:
other things, these findings provide experimental support295-302 _ _
for mounting clinical evidence linking the incidence dfl-Khodor B, Boksa P (1997) Long-term reciprocal changes in

- o - : . dopamine levels in prefrontal cortex versus nucleus accum-
obstetric complications with the risk of developing pencin rats born by Caesarean section compared to vaginal

schizophrenic symptoms. birth. Exp Neurol 145: 118-129
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