QIO

Ne
ya
<, Nyg \O

i )} | 3 3 o 2, G
¥ 23 8 >, (
1 { A 5 ‘“kJ - ke 2 4 P 2 ? Y, /".‘ ¥ ! . i .
1 A . 3 \\‘..‘«.' - : e Rl
aa URER s LRGP S
R 3 - y A I U
'l | >

nNUti |l 1 zzo di m cech®llodia
comportamentale: Il caso delle benzodiazepine

N\

prenatal 1l O

Section of Behavioural Neurosciences
Dipartimento di Biologia cellulare e Neuroscienze
Istituto Superiore di Sanita

enrico.alleva@iss.it

a Il

m a



NI

Prof. Silvio Garatt

ignami

B

jorgio

Prof. G




Dr. Gilovanni Laviola




Abstract. A benzodiazepine (oxazepam) was given to nullip-
arous mice on days 12—-16 of pregnancy, and the develop-

ment and young adult behaviour of the offspring were stud- ﬁ S h -Q mad | u m-, and IOng'term

ted. Experiment 1, using 5, 15, and 50 mg/kg doses given

PO twice daily, showed a dose-dependent retardation of

postnatal development of several responses such as righting, effe CtS Of prenatal OxazepamOn
bar holding, limb placing, and auditory startle. These chan- .

ges were maximal in the first 2 postnatal weeks and then neurObEhaV|Oura| dEVEIOpmentOf
were markedly attenuated. or disappeared, being apparent-

ly related to a temporary retardation of body growth. A m I C e c\)
reduction of locomotor activity at 60 days was found only

in the 50 mg’kg group. The effects of the 15 mg/kg dose

on postnatal body growth and neurobehavioural develop- EnnCO A”eva, GIOvannLaVIO|a, EZ'O Tlre”'

ment were replicated in Experiments 2 and 3. Moreover, . . . .
in these experiments prenatal oxazepam reduced open field and G|Org|0 Blgnaml
activity at 14-16 days and attenuated the hyperactivity in-
duced by d/l-amphetamine sulphate (2 mg/kg IP). On the
other hand activity, habituation, and response to a scopola-
mine challenge (2 mg/kg IP) at 21-23 days were not signifi-
cantly different frcm those of appropriate controls. Experi-
ment 3. using a cross-fostering procedure, showed that post-
natal maternal effects were not responsible for the changes
so far mentioned. Experiment 2 also investigated the acqui-
sition of several go-no go avoidance discriminations in a

Psychopharmacology
shuttle-box, using either light (L) or buzzer noise (N) as .
the ““go™ signal, a compound ‘“no go™ signal (NL in the © Spr] nger-Vcr]ag l 985

L-*go™ groups and LN in the N-*“go’ groups), and either
an extinction or a passive avoidance contingency during
the **no go™ signal (4 weeks of training, starting at 60 days).
The main effect of prenatal oxazepam was an impairment
of active avoidance responding, while the treatment effects
Oon overall discrimination performance were less marked
and limited to the later stages of training.

Key words: Oxazepam — Prenatal benzodiazepine treatment
— Behavioural development — Homing performance — Onto-
geny of amphetamine and scopolamine reactivity — Loco-
motor activity — Shuttle-box avoidance — Go-no go discrim-
ination learning — Mice



NPrenatal Benzodiazepineffectsin mice postnatalbehavioraldevelopmentresponsdo drug challenges
and adult discrimination learningo. Neurotoxicology, 1986

£ ABSTRACT. Owxazepam treatment of primiparous mouse dams on days
22=16 of pregnancy (15 mg/kg p.o. twiece daily) produced (1) «
transitent retardation of postnatal body growth and neurobehavior-
al development, (17) a reduction of the hyperactivity response to
amphetamine 1n open—-fzeld tests on postnatal days 14-16, and
(2127) a selective zmpairment of adult active avoidarnce in four
go-no go discrimination tasks. Fqually zimportant for urnderstarnd-—
ng the nature of the prenatal benzodiazepine syndrome were
several negative results, namely, (Tv) the absence of changes in
homing performance on postnatal day 10, (v) an intact hyperactiv-
1ty respomnse to scopolamine on postrnatal days 21-23, (vi) a Llack
of effects on adult actzvity, and (vii) a normal passive avoid-
ance performance in the go-no go tasks. A modificatzon in morno-
aninergtc regulatory functions may account for the overall
profile of prenatal drug effects. Based on the results of thts
experiment, of a preliminary multidose study (0-50 mg/kg), and of
an additional cross—fostering experiment, several methodological
188uUes are addressed. These tnclude (1) the choice of appropriate
treatment schedules and of testing procedures adequate for each
developmental stage, and (77) the control for varitous confounding
variables such as Llitter effects, postnatal maternal influences,
and developmental history.



Morphine effects on activity and pain reactivity
of developing mice with or without late prenatal oxazepam exposure

E. Alleva, G. Laviola, and G. Bignami

Psychopharmacology
© Springer-Verlag 1987

Abstract. LocomoOtor activity in a varimex apparatus, hot-
plate responding, and morphine effects (1 and 10 mg/kg
IP) were assessed 1in 14-, 21-, 28-, and 70-day old mice.
The development of hot-plate responding consisted mainly
of a progressive increase of latencies and a parallel reduc-
tion of sensitivity to morphine. Morphine depressed activity
at 14 days at the lower dose, had no effect at 21 days, and
produced an adult-like hyperactivity at 28 days (10 mg/kg).
Prenatal oxazepam (15 mg/kg, given per os twice daily on
days 12-16 of pregnancy) did not influence hot-plate re-
sponding and morphine analgesia at any of the test ages.
By contrast, the data on activity, besides replicating the
response reduction at 14 days observed previously 1in an
open-field test (Alleva et al. 1985), showed a delayed ap-
pearance of morphine hyperactivity 1n oxazepam mice.



Problems of Test Choice and Data
Analysis in Behavioral Teratology:
The Case of Prenatal Benzodiazepines

Neurotoxicology and Teratology, Vol. 9, pp. 179—-186. © Pergamon Journals Ltd., 1987.

CHIAROTTI. F.. E. ALLEVA AND G. BIGNAMLI. Problems of test choice and data analysis in behavioral teratology:
The case of prenatal benzodiazepines. NEUROTOXICOL TERATOL 9(2) 179-186, 1987.—Higher-tier tests for the
assessment of early treatment effects should be aimed at providing specific information on the behavior processes affected,
rather than simply at extending the descriptive data base. The contrast between positive and negative results can be useful
to point out possible mechanisms of action. For example, late prenatal oxazepam exposure of mice produced a reduction of the
amphetamine hyperactivity at the end of the second postnatal week, but did not significantly affect the response to
scopolamine at the end of the third week. An impairment of active locomotor avoidance was observed at the young adult
stage, which contrasted with the absence or scarcity of changes in passive avoidance and extinction responding in the same
go-no go tests. These changes in response-activating mechanisms appear to be in agreement with the medium- and long-
term effects on CNS monoamine metabolism described in the literature. As concerns statistical analysis, dichotomous or
polytomous data obtained, e.g., by the Fox battery are not yet amenable to an adequate processing, due to the
shortcomings of the available nonparametric tests. By contrast, mixed-model ANOVAs can cope with complex data
obtained, e.g.. in activity and learning tests. However, the available checks on various assumptions (normality,
homogeneity of variance, sphericity) are not valid when nested factors, block factors and repeated measures coexist.
Finally, the more usual cross-fostering procedures provide adequate information on some aspects (e.g., separation of main
effects of prenatal treatments from postnatal maternal effects) but not on others. For example, the assessment of possible
interactions between treatment effects., other prenatal effects (handling, treatment procedures), and postnatal maternal
effects would require the use of designs which are unmanageable with respect both to experiment size and to data analysis.



Prenatal Oxazepam Enhances
Mouse Maternal Aggression
in the Offspring, Without Modifying
Acute Chlordiazepoxide Effects

GIOVANNI LAVIOLA, LUIGI DE ACETIS, GIORGIO BIGNAMI AND ENRICO ALLEVA

Neuroroxicology and Terarology, Vol. 13, pp. 75—-81. © Pergamon Press plc, 1991.

LAVIOLA, G., L. DE ACETIS, G. BIGNAMI AND E. ALLEVA. Prenatal oxazepam enhances mouse maternal aggression in
the offspring, without modifying acute chlordiazepoxide effects. NEUROTOXICOL TERATOL 13(1) 75-81, 1991. —1In the rat, be-
havioral changes during lactation are in several ways similar to those produced by benzodiazepines (BDZ). Moreover, an increased
activity at the GABA/BDZ receptor complex has been found in both conditions. We tested the hypothesis that early manipulation of
this neurochemical system by prenatal BDZ exposure should affect typical responses of lactating dams, such as maternal aggres-
sion. Outbred CD-1 mice were treated with either oxazepam (15 mg/kg PO twice/day on days 12—16 of fetal life) or vehicle and
fostered at birth to untreated dams. Female offspring were subsequently mated at the young-adult stage and used to assess maternal
aggressive responses towards a male intruder. In a first 5-min test on postpartum day 6, the prenatal oxazepam animals showed a
reduced Latency to the First Attack, a markedly enhanced frequency of several offensive scores (such as Fighting Episodes, Attacks,
and Offensive Upright, On Top, and Kicking Postures), a decrease of Submissive Postures and a reduced duration of time spent
lying still (Out of the Nest). The tests were repeated 48 h later after IP treatment by either chlordiazepoxide (10 mg/kg) or saline.
The drug significantly enhanced locomotor activity as well as the frequency of Fighting Episodes and of Attacks, while decreasing
the number of Submissive Postures and the time spent On Nest. These effects were not significantly modified by prenatal oxazepam
exposure. This suggests that long-term and acute effects of benzodiazepines are produced either by changes in different regulatory
systems or by different types of changes in the same system.
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FIG. 1. Fregquencies of selected behavioral responses recorded during 5-
min maternal aggression tests (nursing female mice exposed to male in-
truders in the presence of their litters on postpartum day 6). The dams had
been exposed prenatally to either oxazepam administered to their mothers
(15 mg/kg twice/day on pregnancy days 12—16) or to vehicle. Data are
means (S.E.M.) of 16 animals.



TABLE 1

DURATION (S) OF SELECTED BEHAVIORAL RESPONSES IN MOUSE MATERNAIL AGGRESSION TESTS*

No-Drug State (Lactation day 6)

Prenatal Vehicle

Prenatal Oxazepam

(N = 16)

CDP Challenge (Lactation day 8)

Prenatal Vehicle

Saline

(IN-=8)

CDP
(N=28)

Prenatal Oxazepam

Saline
(N=238)

CDP
(N=3)

(N =16)

IL.atency to 13750 CEFT.E)
First Attack

Duration of 34 (3
Fighting Episodes

Duration of 218 GE5.9)
On Nest

Duration of 35.5 (Xx7A48)
Out Nest

36.8 (£=19.0)
19:6. (=377
19.4 (=x=3.9)

159 (*£6.33)

263.1 (=36.8)
0.25 (=0.2)
159.9 (=25.4)

219 (Z5:6)

153.1 (£55.7)
25 (1.9
21.5 (x£31.4)

65.1 (££20.3)

87.0 (*=43.6)
1.3 £0.2)
1395 (X£38:2)

37.3 (*£29.6)

115.5 (£=53.9)
.2 (=30
55.9 (x24.1)

33.4 (=13.7)

*For other indications see legends of Fig.

1 (tests on lactation day 6) and Fig. 2 (tests on lactation day 8).



Interacting Effects of Oxazepam in Late
Pregnancy and Fostering Procedure
on Mouse Maternal Behavior

Neuroscience & Biobehavioral Reviews, Vol. 15, pp. 501-504. © Pergamon Press plc, 1991.

LAVIOLA, G., G. BIGNAMI AND E. ALLEVA. Interacting effects of oxazepam in late pregnancy and fostering procedure on
mouse maternal behavior. NEUROSCI BIOBEHAYV REV 15(4) 501-504, 1991.—The present study was designed to assess the
proactive effects of late pregnancy benzodiazepine (BDZ) treatment on maternal behavior in the postpartum period, using cross-
fostering procedures to control for the role of changes produced prenatally in the offspring. Outbred CD-1 mouse dams were
treated with either oxazepam (OX, 15 mg/kg PO twice/day on pregnancy days 12—16) or vehicle (VEH). After parturition, entire
litters were exchanged either within treatments (in-fostered groups, IF) or between treatments (cross-fostered groups, CF), while
additional litters were left undisturbed (un-fostered groups, UF). The behavior of lactating dams was observed in their home cages
at 4, 8, and 12 days postpartum. Maternal responses, particularly nursing, were reduced in the OX-UF and OX-CF conditions and
either normal or enhanced in the OX-IF condition. Correspondingly, locomotor/exploratory activity was markedly enhanced in the
former conditions and close to the control level in the latter condition. In sum, the fostering variable appeared to determine
whether pups raised by dams treated previously with BDZ receive either insufficient or exaggerated maternal care. This points to
the need for a better understanding of mother/pup interactions in studies aimed at characterizing drug and toxicant effects on
offspring development.
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FIG. 1. Mean duration and frequency of Nursing, Licking, Nest-building, and Activity observed in
mouse dams assigned to either the un-fostered (UF), the in-fostered (IF), or the cross-fostered (CF)
condition, after receiving either vehicle or oxazepam during late gestation (see the Method section).
Columns refer to data averaged over the three testing days.



Development of GABAergic Modulation of

Mouse Locomotor Activity and Pain Sensitivity
After Prenatal Benzodiazepine Exposure

GIOVANNI LAVIOLA, FLAVIA CHIAROTTI AND ENRICO ALLEVA

Neurotoxicology and Terartology, Vol. 14, 1-5, 1992
Printed in the U.S.A. All rights reserved.

LAVIOLA, G., F. CHIAROTTI AND E. ALLEVA. Development of GABAergic modulation of mouse locomotor activity and
pain sensitivity after prenatal benzodiazepine exposure. NEUROTOXICOL TERATOL 14(1) 1-5, 1992. — Qutbred CD-1 mice
were exposed to oxazepam (15 mg/kg PO twice/day) on days 12—16 of fetal life, i.e., at a critical ontogenetic stage of Type 11
benzodiazepine (BDZ) receptor increase, and fostered at birth to untreated dams. LLocomotor activity (single 30-min session in a
Varimex apparatus), hot-plate responding, and muscimol (GABAa agonist) effects thereon [see normative data in (16)] were as-
sessed on postnatal day 14, 21, or 28. Prenatal oxazepam did not affect the development of hot-plate responding and muscimol
analgesia; however, it reduced activity on day 14 (as in previous studies) and modified the profile of muscimol effects at 21 days
(time of first appearance of an adult-like pattern of activity) and at 28 days. Specifically, oxazepam mice showed a faster recovery
from the initial depression after 1 mg/kg of muscimol at the former age and a lack of rebound hyperactivity at the latter age.
These effects might be explained either 1) by an accelerated development of GABAergic regulatory mechanisms, or 2) by the
same monoaminergic system changes which can account for other effects of prenatal BDZ exposure (1,3). In any event, the
dissociation phenomena found in the present study strengthen the notion that GABAergic influences contribute to the modulation
of locomotor activity and of pain reactivity by mechanisms which are at least in part separate from each other (16).



SELECTIVE CHANGES IN MOUSE

BEHAVIORAL DEVELOPMENT AFTER
PRENATAIL BENZODIAZEPINE EXPOSURE:

A PROGRESS REPORT

GIORGIO BIGNAMI , ENRICO ALLEVA,L  FLAVIA CHIAROTTI
and GIOVANNI LAVIOLA

Prog. Neuro-Psychopharmacol. & Biol Psychiat. 1992. Vol. 16, pp. 587-604

1. Animal studies of the effects of early exposure to CNS agents devoid of a major teratogenic potential
must assess possible deviations from normal behavioral developmentin both a stage-specificand a behavior-
specific fashion; several experiments on prenatal benzodiazepine (BDZ) exposure are reviewed, illustrating
such an assessment strategy and discussing caveats on experimental designs and statistical analysis.



Eight-Arm Maze Performance, Neophobia, and
Hippocampal Cholinergic Alterations After
Prenatal Oxazepam 1n Mice

GIOVANNI LAVIOLA.' CHAIM G. PICK.*? JOSEPH YANAI* AND ENRICO ALLEVA

Brain Research Bulletin, Vol. 29, pp. 609-616, 1992

LAVIOLA, G., C. G. PICK, J. YANAI AND E. ALLEVA. Eight-arm maze performance, neophobia, and hippocampal cholinergic
alterations after prenatal oxazepam in mice. BRAIN RES BULL 29(5) 609-616, 1992.—Outbred CD-1 mice were exposed to
oxazepam (15 mg/kg PO twice/day) on days 12-16 of fetal life, i.e., at a critical ontogenetic stage of Type Il benzodiazepine
(BDZ) receptor increase, and fostered at birth to untreated dams. At adulthood, radial arm maze performance, activity-habituation
test in an open-field arena (either single [ 5-min test or three 5-min sessions at 24-h intervals), approach to a novel stimulus object,
and amphetamine or scopolamine effects thereon were assessed in male progeny. Overall, the oxazepam exposed (OX) mice were
much less efficient in the radial arm maze task than the vehicle exposed (VEH) animals. Pre-test scopolamine injection. but not
amphetamine. significantly impaired the arm maze performance of OX mice when compared with the corresponding VEH-
scopolamine animals. In separate nonlearned behavioral tasks, prenatal oxazepam did not affect either baseline activity levels in
the open field or the response to the amphetamine and the scopolamine challenge, while it considerably increased the latency of
first approach to a novel object and produced a deficit of habituation in the course of the subsequent exploratory period. Concomitant
investigation at the neurochemical level showed that the adult OX animals had a significant increase in both B_.. and in the
athnity (Kd) of cholinergic muscarinic receptors in the hippocampal formation when compared to the vehicle-exposed controls.
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FIG. 1. Eight-arm maze performances of undrugged adult mice receiving prenatal oxazepam (OX) or vehicle (VEH). (A) show the
number of correct entries in the first eight attempts, (B) shows the number of entries needed to visit all 8 arms (maximum possible
16). The bars on the right hand in each square indicate whole-session averages for each group (SEM). *p < 0.05, **p < 0.01 (N = 24).
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Abstract. Prenatally administered oxazepam (OX) impairs
adult radial maze performance i1in mice, possibly by
permanent hippocampal changes. CDI mice were tested 1n
swimming navigation, a sensitive indicator for hippo-
campal damage. Ten males and ten females were exposed
to OX on fetal days 12—-16 by maternal administration PO
of 30 mg/kg/day and fostered at birth to untreated dams,
while control mice received vehicle solution. All mice were
tested at 89 weeks for ability to find a submerged plat-
form in a fixed location (acguisition: 18 trials, 6 trials per
day) and for capacity to re-orient towards a new platiorm
position (reversal: 12 trials, 6 trials per day). OX mice
showed a slight but significant impairment of swimming
navigation during the initial part of training, as indicated
by longer swimming paths during the fourth and fifth trial
(day 1), an impairment due both to delayed habituation to
the novel stressfull condition and acquisition of platform
climbing but unrelated to navigational abilities. No trea:-
ment-dependent differences were observed 1in the reversal
phase. During reversal, both OX and control females
spent significantly more time 1in swimming across the
location of the old platiorm. Unrelated to navigational
performance, females showed a slightly but significantly
higher swimming speed than males. Due to the absence of
any navigational impairment. data suggest that prenatal
cxposurec to oxazepam exerts long-term 1nfluence on adult
learning capacities primarily through interaction with
brain systems located outside the hippocampus.

Nimpaired acquisition
of swimmingnavigation
IN
adult mice
exposedrenatally
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Prenatal Oxazepam Effects on
Cocaine Conditioned Place Preference
1in Developing Mice

Neurotoxicology and Teratology, Vol. 15, pp. 207-210, 1993

GIACOMO DELL’OMO, GIOVANNI LAVIOLA, FLAVIA CHIAROTTI,
ENRICO ALLEVA AND GIORGIO BIGNAMI'

DELL’OMO, G., G. LAVIOLA, F. CHIAROTTI, E. ALLEVA AND G. BIGNAMI. Prenatal oxazepam effects on
cocaine conditioned place preference in developing mice. NEUROTOXICOL TERATOL 15(3) 207-210, 1993. —The posi-
tively reinforcing and activity enhancing effects of IP cocaine (0, 5, or 25 mg/kg) were assessed at three ages (14-17, 21-24,
and 28-31 days) in outbred CD-1 mouse pups treated prenatally by either oxazepam (OX, 15 mg/kg PO twice/day on days
12-16 of pregnancy) or vehicle (VEH). A 4-day unbiased conditioned place preference (CPP) procedure was used with
combined visual and tactile cues (white walls and wide-mesh metal floor versus black walls and narrow-mesh floor) (11). A
single 25 mg/kg cocaine dose produced CPP in both prenatal groups of 28-31 day-old mice. At the two younger ages, a
significant cocaine CPP was found in prenatal OX mice but not in vehicle animals; the latter apparently developed CPP less
readily than the offspring of indisturbed dams in a previous experiment (11). On the other hand, prenatal OX did not produce

substantial changes in the developmental profile of cocaine effects on locomotor activity, consisting of a dose-related response
enhancement which is much more marked at 22 and 29 days than before weaning (11).
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FIG. 1. Conditioning of place preference (mean time spent in the
paired and unpaired compartments during the 10-min CPP test in
drug-free state on the last day of the conditioning schedule + SEM)
in immature mice prenatally exposed to oxazepam (OX) or vehicle
(VEH). Data were pooled for animals confined in one or the other
end-compartment in the conditioning session in the absence of signifi-
cant effect of this variable (n = 16). *p < 0.05; **p < 0.01.



In: Addictive Drugs and
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(1994)
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