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Early CannabinoidExposureas a Sourceof Vulnerability to
OpiateAddiction: A Model in LaboratoryRodents

Miguel Navarro* and FernandoRodríguezde Fonseca
ComplutenseUniversity of Madrid

Recentfindings haveidentified anendogcnousbrain system mediating ihe actionsof
cannab/s sol/ro preparations.This systemincludesIhe brain cannabinoidreceptor(GB-
1) and iís endogenousligands anandamideaud 2-arachidonoyl-glycerol.The endogenous
cannabinoidsystemis not only presentin theadult brain,huí is alsoactiveat early stages
of brain development.Studiesdevelopedat our laboratoryhaverevealedthai maternal
exposureto psychoactivecannabinoidresulisin neuro-developmentalalterations.A model
is proposedin which early A9-tetrahydrocannabinol(THC) exposureduring critical
dcvclopmentalperiodsresultsin permaneníalterationsin brainfuoction by either the
stimulation of CB-I receptorspresentduring the development,or by the alterationsin
maternalglucocorticoidsecrerion.Thoscalterationswill be revealedin adulthoodafíer
challengeseither with drogs (le. opiates)or with environmentalstressors(le. nove]ty).
They wfll include a modifledpatreraof neuro-chemical,endocdne,andbehavioralresponses
that might leadultimately lo inadaptationandvulnerabilityto opiateabuse.
K~.y vvords: mt, cannobino/ds, perinatal exposure, /,ehav/or op/ates, condit/oning, A CTH,
corticosterone, vulnerabitiiy

En los ultimos años se ha logrado identificar un sistema endógeno que media las acciones
de los principios activos del cannabis sativa. Este sistema está compuesto por el receptor
para cannabinoides cerebral (CB-1>, y sus ligandos endógenos, la anandamida y el 2-
araquídonilglicerol. El sistema cannabinoide endógeno está activo en el cerebro adulto,
participando también en el desarrollo cerebral. Los estudios desarrollados en nuestro
laboratorio han demostrado que la exposición maternal durante la gestación y la lactancia
a compuestos activos en el receptor CB-1 conducen a alteraciones en el desarrollo
cerebral. En este trabajo se propone un modelo en el cual la exposición durante periodos
críticos del desarrollo a J9-tetrahydrocannabinol (THC), el principal cannabinoide psicoactivo
del cannabis sativa, induce cambios permanentes en la función cerebral, bien mediante
la activación de los receptores CB-1 presentes durante edades tempranas del desarrollo,
o bien mediante la alteración de la secreción maternal de glucocorticoides. Estas
alteraciones se manifiestan en la edad adulta tras la exposición a desafíos adaptativos,
como el tratamiento con drogas de abuso (opiáceos> o el estrés medioambiental (novedad,
etc.), que inducen respuestas neuroquimicashormonales y comportamentales anómalas,
que se manifiestan como una mayor vulnerabilidad a la adicción.
Palabras clave: rata, cannabinoides, exposicion perinata¿ conducta, condicionamiento,
morfina, glucocorticoides.
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The use of Cannabis sativa preparaíions(hashish,
marijuana)hasa long history, from folkloric useIn anciení
times, [o Ihe wide~spreadrecreationalusein Ihe twentieth
century(Mechoulam, 1986). However, it is only within the
past30 years[bat researchershavebegunto understandtbe
biological basisof te pharmacologicaleffects of cannabis.
Moreover,te last lO yearshavebeencrucial for identifying
te neuralsubstraíesunderlyingcannabisaetionsin the brain
(see Table 1, sectionA). SinceIhe seminaldiscoveryof the
cannabinoids,the psychoactivecompoundsof cannabis,with
the isolation of A9-tetrahydrocannabinol(THC) as the main
cannabinoid(Gaoni& Mechoulam,1964), extraordinary
advanceshave led ¡o the syntbesis of psychoactive
cannabimimeticagents(Dewey, 1986; Mechoulamet al.,
1987), andto Ihe identificationof an endogeneussystem
mediatingthe neuro-phannacologicalactionsof cannabinoids.
This endogenoussystem,Ihe endocannabinoidsysteín, is
composedof the CE- 1 brain cannabinoidreceptor(Devane,
Dysarz,Johnson,Melvin, & Howletí, 1988; Hcrkenhamet

aL, 1990; Matsuda,Lolait, Hrownstein, Young, & Bonner,
1990), andseveralbrain constituentsthathavebeenproposed
as endogenousIigands for the CB.-¡ receptor,including

Table 1
A. Major Advancesin CannabisResearch.B. Contributions

anandamide(Devaneel al., 1992; Di Marzoet al., 1994)aud
2-arachydonoylglycerol(Mechoulamet al., 1995; Stella et
al., 1997). Surprisingly,the CB-¡ cannabinoidreceptoris
presentin brain arcas, including those relevaní for Ihe
rewardingpropertiesof drogsof abuse(Gardner& Lowinson,
1991), in greaterabundanceIban mosíotherknownreceptors
for neurotransmitters(Herkenhamet al., 1990).

Sincetheisolalion of THC, manystudieshaveaddressed
[he effectsof this andother active cannabinoidsin brain
fuoction (Dewey, 1986). The pharmacologicalprofile of [he
cannabinoidsincludesthe acute induction of analgesia,
hypothermia,immobility, andcatalepsy(Abood & Martin,
1992; Martín-Calderónel al, 1998), aswell asneuro-endociine

alterations,including the activation of Ihe pituitary adrenal
axis and the inhibition of the secretionof most anterior
pituitary hormones(Martín-Calderónet al., ¡998; Rodríguez
de Fonsecael al., 199Ib, Rodrígue¿de Fonseca,Villanúa,

Muñoz, San-Martín-Clarke,& Navarro, 1 995b). Cannabinoids
also activatemonoaminergicsystemsin the twain, especially
reward-relatedsystems(Garduer& Lowinson, 1991; Molina-
Holgado, Fi Molina-Holgado,E., Leret,González,& Reader,
1993: Navarroct al., 1993a, 1993b,in press;Rodríguezde

of the ResearchTrendsdevelopedsince 1993at the Instituto

Universitario de Drogodependencias,Departamentode Psicobiología,Facultad de Psicología, UniversidadComplutense
de Madrid.

EVENT REFERENCE

A.

MEDICAL USES OF CANNABIS

ISOLATION OF PSYCHOACT¡VECANNABINOIDS

SYNTHETIC CANNABINOIDS

DISCOVERY OF CANNABINOID RECEPTORS~CB-l)

CLONINO OF CB-¡

ISOLATION, BIOCHEMISflY, & ROLES OF ANANDAMIDE

SYNTHESISOF CE-I ANTAGONIST

ISOLATION & ROLES OF 2-ARA-G

DESCRIPTIONOF UPTAKE SYSTEMS

3000 B.C. TraditionalAsiaíic Medicine. Mechou¡amet al., ¡986

GaoniandMcchoulan,,¡964

Mechoularnel al., ¡987

Devaneet al., ¡988: Herkenhamel al., ¡990

Malsudael al,, ¡990

Devaneel al., 2992;FrideandMechoulan,,¡993;Di Marzo el al., 1994

Rinaldi-Carmonaet al., ¡994

Mechoularnet al., ¡995; Siellaet al., ¡997

Beltramo el al., ¡997

B.

BEHAVIORAL TERATOLOGY OF CANNABINOIDS Navarroel al., 1994ab,1995, 1996; Rubio et al,, 1995, 1998

CANNABINOIDS & OOPAMJNERGICSYSTEMS

NEUROENDOCRINOLOGYOF CANNABINOIDS

CANNABINOIDS, STRESS,& ANXIETY

Navarroet al. ¡998; Rodriguezde Fonsecael al., 1994aandb

Martín-Calderónel al., 1998; Rodríguezde Fonsecaet al., ¡995

Navarroet al., [997;RodríguezdeFonsecael al., 1996
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NEUROBIOLOGY OF CANNABINOID ADDICTIONiDEPENDENCE Rodríguezdc Fonsecael al., 1997
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Fonsecaet al., 1 992b;Rodríguezde Fonseca,Martín-Calderón,
Mechoulam, & Navarro, 1 994a), and induce anxiety-like
behaviorsin laboratoryanimaisandhurnans(Dewey,Gardner
& Lowinson, 1991; Halikas, Weller, Mouse, & Hoffman,
1985; Navarro et al., 1993a;Rodríguezde Fonsecael al.,
1996). Most of theseeffects can be elicited after acute
administrationof anandamide(Fernández-Ruizet al., 1997;
Fride & Mechoulam, ¡993; Romeroet al., 1996) although
with someexceptions(Fride e[ al., ¡995).Additionally, the
recentsynthesisof thefirst cannabinoidreceptorantagonist,
SR 141716A(Rinaldi-Carrnonaet al., 1994)hascontributed
to establishthe existenceof anendogenouscannabinoidtone,
regulatingboth motor activity and emotional responses
(Gueudet,Santucci,Rinaldi-Carmona,Soubrié, & Le Fur,

1995; Navarroet al., ¡997)andhas provided a tool with
which to unmaskdic neuro-adaptationsunderlyingchronic

cannabisexposure(Rodríguezde Fonseca, Carrera,Navarro,
Koob, & Wciss, 1997).

The investigationof the effectsof maternalexposureto

cannabinoidson brain developmenthasbeena very active
field of researchin the cannabinoidfield. Animal research
has revealed the existence of long-term bebavioral
consequencesof maternalexposureto drugsof abuseduring
gestation and lactation (Navarro,Rodríguezde Fonseca,
Hernández,Ramos,& Fernández-Ruiz,1994a; Navarro,
Rubio, & Rodríguezde Fonseca,1994b;Robins& MilIs,
¡993; Zuckerman, ¡991). However,knowledgeof tbe real
impact of maternalexposureto cannabison the development
andadult expressionof cognitive and behavioralfunctions
in humansis far from being achieved. Cannabissativa
preparationsremainthe mostwidely usedillicit drugsduring
pregnancyin wes[em countries(Abel, 1980; Dayet al., 1994;
Fried, 1995).Cannabinoidscan betransferredfrom the rnother
to theoffspring through placentalblood during gestation
(Hutchings,Martin, Gamagaris,Miller, & Fico, ¡989) and
throughmaternalmilk during lactation (Jakubovic,Hattori,

& Mc Geer, ¡977). Thepresenceof psychoactivecannabinoids
in thedevelopingbrain might interfereas epigeneticfactors
with the rigidly ordereddevelopmentalprogramthaI occurs
during te oníogenyof the centralnervoussystem,resulting
in neuro-developmentalalterations(Mirmiran & Swaab,¡987).
Early laboratorystudieshad sbownthat maternalexposure

to either cannabisextractsor THC resultedin ¡ong-lasting
alterationsin brain developmentandfunction (Abel; Brake,
l-lutchings,Morgan,Lasalle,& Mt, 1987; Dalterio & Bartke,
1979; Fernández-Ruiz,Rodríguezde Fonseca,Navarro, &
Ramos, ¡992; Hutchings,Morgan, Erake,Shi, & Lasalle,
1987; Rodríguezde Fonseca,Cebeira,Fernández-Ruiz,
Navarro,& Ramos, ¡99la; Rodríguezde Fonseca,Cebeira,
Hernández,Ramos,& Fernández-Ruiz,1990;Rodríguezde
Fonseca,Hernández,de Miguel, Fernández-Ruiz,& Ramos,
1992a;Walters & Carr, 1986).Subsequentstudiesdeveloped
in our laboratory(Table 1, referencesin sectionE) revealed
that maternalexposureto cannabinoidsresultedin behavioral
alterationswhichcould beobservedeitherduring development

or at adult ages.Ihesealterationswere associatedwith neuro-
chemical disturbancesin nionoaminergicand neuro-pepúde
systems(Bonninet al., 1994; Molina-Holgadoet al., 1993;
Rubioet al., 1995).

An unexploredaspectof the behavioralteratology of
abuseddrugsis teir possibleroleas avulnerability factorfor
drug-seekingbehaviorin theadult. Severalstudieshaveshown

that maternalexposureto opiates(Gagin, Kook, Cohen,&
Savil, 1997)or to psychostirnulants(Keller, Lefevre, Raucci,
Caríson,& Glick, ¡996) resultedin a sensitizationto the
reinforcing effectsof thesecompoundsin theadult offspring,
suggestingte establishmentof a vulnerability as a resultof
that earlyexposure.The neurobiologicalmediatorsfor the
establishmentof suchvulnerability remainstobe de[ermined.
However, tbepioneerwork of McEwenandcolleagues(1987,
and referencestherein) hasestablishedthat underlyingsuch
altera[ions may be the drug exposure-inducedeffects on
maternalsteroid-hormonesecretionsor the intrinsic activity
of suchdrugs, which acías steroidhormone-likesubstances.
Most dmgsof abusearepotentactivatorsof te hypothalamo-

pituitary-adrena¡axis (HPA), aud it hasbeenproposedthat
maternalstressinducedby Ihese drugsmigbt underlie [he
observedbehavioralsensitization(Molina, Wagner,& Spear,
1994; Rubio et al., 1995). The effects of suchepigenetic
intIuencesin brain rewardsystemsbavebeenstudiedby the
exíensiveresearchof Piazza’sgroup ( Piazza,Deminiere,Le
Moal, & Simon, 1989;Piazza,Deroche,Derniniére,Maccari,
Le Moal, & Simon, 1993; Piazza& Le Moal, 1996).These
authorshavesuggestedthat both prenatalstressandprenatal
drugexposureseemto play an importanírole in te individual
predisposition[o psychostimulantself-administrationin rodents,
by the induction of long-term changesin the activity of
mesocorticolimbic-projectingdopamineneuronscontaining
glucocorticoidreceptors(Harfstrandet al., 1986), andHPA

activity in te adu¡toffspring(Callaghanet al, 1994; Deminiére
et al., 1992;Macean et al., 1991). In this regard,tere is little
information aboutte possiblelong-termvulnerability-inducing
effectsof maternalexposureto marijuanaor its psychoactive
compounds.Natural cannabinoids,sucb as THC are potent
activatorsof the HPA axis by meansof its interaction with
hypo[halamic brain cannabinoidreceptors(Rodríguezde
Fonseca et al., 1991b,1995b). Perinatal exposure to
cannabinoidsmightten resultiii increasedmaternalcirculating
¡evels of corticosteroneand could iníerfere with the
developmentof te HPA axis in te fetuses. ‘[he fact diaL
brain cannabinoidrecep[ors arepresentin earlystagesof
development(Rodríguezde Fonseca,Ramos,Bonnin, &
Fernández-Ruiz,¡993) adds anotherimportantbiological
substrateto the actionsof maternally-deliveredcannabinoids
on braindevelopment.

The presentstudy was designedto further analyzethe
effects of maternalexposureto THC in the reinforcing
propertiesof morphinein the adult offspring. Previousstudies
haveshown that endogenousopioid systems(peptidesand
teir receptors)canbe alteredafter maternalexposureeither
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to stress(Insel, Kinsley, Mann, & Rridges, 1990; Keshet&
Weinstock, 1995) or to perinatal cannabinoidtreatments
(Kumar et al., ¡990). Becauseof the growing evidencethat
thc functional statusof tbe HPA-axis rnight be relevantfor
opiate-seekingbehaviorin the rat (Saham& Stewart,1995),

sensitivity to the reinforcingpropertiesof a moderaledose
of morphine (350 pglkg, which inducesplace-condi[ioning
in only 50% of the control anirnals) was studied in adult
offspring born of mothersexposedduring gestationand
lactation [o severaldosesof TI-IC thaI were closely relatad

to humanconsump[ion. ‘[he functional statusof tbe HEA axis
was evaluatedby rneasuringplasmalevels of ACTI-l and
corticosteronein basal condi[ions, andafter the adap[ive
challengeof conditionedplace-preference(CPP) testing.
Anotherstress-re¡atedhormone,prolactin (PRL), was also
controlled. Since increasedsensitivity lo [be reinforcing
effectsof abuseddrugsbas beenassociatedwith changesin

the pattcrnof locomotorandexploratoryactivity (Piazzact
al.. 1989),we also evaluatedthe behavioralresponse[o novel
aud familiar environments,using a batteryof behavioraltests.
Lastly, in orderto further evaluatethe estab¡isbmentof long-
lasting functional alterations as a result oF maternal
cannabinoidexposure,we studiedihe effects of maícrnal
exposureto the highly potentcannabinoid,(-)- ¡ ¡ -hydroxy-

d-tetrahydrocannabinol-dimethylhepíyl(HU-210), on Ihe
adult sensitivity of the HPA axis to an acutecannabinoid
challenge.

Method

Suh¡eets

Femalevirgin rats of the Wistar strain (> 8 weeks oíd;
2(E-250g) werehousedin aroom with conn’olledphotopexiod

(¡igbts on: 08:00-20:00)and temperature(23 ± lcr). Thcy
had free accessto s[andard food (Panlab,Barcelona)and
waterDaily vaginal smearswere taken between10:00-12:00
b, andonly thoseanirnalsexhibiting Ibree or more consistent
4-daycycleswere usedin this study. Femalesin theproestrus
phasewere allowed to stay with a male for ma[ing, and a
new vaginal smearwastakenon tbe next day. Thoseanimals
showing (he presenceof spermcelis were acceptedas
probably pregnaníandusedfor jt tetrahydrocannabinolor
HU-2l0 exposurestudies.‘[be day on which spermplugs
were found wasdesignatedthe firsí dayof gestation.After

weaningthe offspring, they were separatedand housed,4-5
animalsof thesamesexandtreatmentpercage.Thirty litters
wereusedfor the behavioralstudies,distributedas follows:
8 vehicle, 4 THC ¡ mg/kg, 4 THC 5 mg/kg. 3 THC 20 mg/kg,
4 HU-210 1 pglkg, 4 HU-210 5 pglkg, and 3 HU-2¡O 25
¡iglkg. Por both CPPand defensive-withdrawalstudies,2-3
maleoffspring aral 2-3 femaleoffspringpor litter were chosen
randomlyat adulí age(>70 days). Femaleratswere studied
in the estrouspbaseof the cycle.

Cannulae implantation. For [he ti me courseof the
endocrineac[ions of HU-210, a group of six animalspor
trcalrnentwas implantedunderEquithesinanesthesiawith
indwelling atrial cannulae,insertedvia the rigbt external
jugular vein. Cannulaewere filled witb hepariniLedsalme

(lO U/mi) lo maintain patency.AnimaN were allowed al
leasí48 hours¡br rccovery,prior to experimentalprocedures.

AII the procedureswere carried out accordingto the
FuropeanCnmmunitiesCouncil directive of 24 November,
¡986, (86/6<19/EEC)rcgulatinganimal research.

Experiments

In the t’irst experiment,we studiedthe performanceon
theelevatedplus-mazeof maje andfemaleoffspring who had
undergonethediffcrent perinatal[reatmentswi[h TI-IC during

pos[natal development.‘[he animalswere rcpeatcdlyexposed
to themazeal 2<), 30, 40, and70 days of pos[natal life.

[u lEe seceudexperirnení,adulí animaisof both sexos
(>70 days). born of mothers exposed lo Ihe different
experimentaltrea[ments. were studicd in Ihe defensivo-
withdrawa¡ test under novelty conditions (Rodríguezde
Fonsecaet al., 1996). Ono wcck after thetesting procedure,
íhey were divided into two groups. Rats of the first group
werc left undisturbodfor íwo addi[iona¡ wcoks. ‘[he animals
were killed aftorbabituatingIhein tu Iho bandlingprocedure.
audplasmasamploswere obíained(basalgroup). Thesecond
groupwasused to síudy tho effects of perinatalexposure[o

THC un the reinforcing propertiesof a moderatedoseof
morphine (350 pg/kg, Rubio et al. ¡995), using the CPP

paradigm. Locomotor aclivity was measured during
conditiuningsessions.Ihesoanimaiswere killed afíer Ibe
endof the 45-minutetosting sessiunof the CPP tost, and
plasmasamplosworecollected(placo-proferencegroup).

In the third experiment.animalsexpusedtu (-)-l 1-
hydroxy-AtTetrahydrocannabinol-dimethylheptyl(HU-210)
wero usod for evaluatingthe time-courseof the adrenal

responselo an aculecannahinoidchallenge.Adulí animals
from Ihe differen[ gruups (u = 6; > 70 days) bearing
indwelling atrial cannulacwore injoctedwith I-IU-210 (20
pglkg, iv), aud plasmasampleswere obtainedfrom Ihe
jugulce vein -20,0.30,60,aud 120minutesbefureaudafta
Ihe injection of [he cannabinoidagonisí.

Drugs ¿vid Treatments

Fermata!cannabinoidexposure.A9-tetrahydrocannabinol
(THC) of greaterthan 95% purity was provided in an ethanol
solution by dic NationalInstituto on DmgAbuse(Projecí 488&
OB). (-)-I 1 ~hydroxy~fl&tetrahydrocannabinol~dimethylbepty¡
(HU-210)HU-210wasagil by Dr. RaphaelMechou¡am,from
‘[be Hebrew University at Jemsalem.It was dissu¡vedin 95%
elbanol al a concenuationof lO mg/kg. lmmediately before
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use,te etanol wasevaporaredandte residuowasomulsifiod

using sosameoil as the vohiclo. Pregnanífemalosreceiveda
daily singleoral duseof THC (1, Sur20 mg/kg budywoight,
given betwoon10:00 and ¡2:00 am.), HU-210 (1,5 ur 25

vg/kg) ur vehicle in avolurno uf 0.1 ml. ‘[he treatmentsíarted
in the fifth day of gestationandwasmaintaineduntil the 24t11
dayafíerbirth, Iho day un which pups wereweanod.Thedosos
of THC chosenwero an exírapolatiunfrum curron[ ostimales
of moderatotu heavyexpusurotu Ihis cornpuundin humans,
and were corroctod.consideringIho differencosin route of
administrationandbudy surthcoarea(Rusenkrantz.Spraguc,
Floischman,& Braudo, ¡975). Wc have proviuuslyubserved
thaI this dusagorosultedin plasmaTHC lovols wiihin tbo rango
of thusoreponedcausingbehavioraland physiulugicaleffec[s
in animal modols (Navarroet al., 1993b;Rodríguezde Fonseca
et al., 1991b). I-IU-210 doseswero soloctodun tho basisof its
oquipotencywith ‘[HC (Rodríguezde Fonsecaot al. 1995b,
1996).Tu assosstho pussib¡ctuxic effects of the trealmoní
proviously reponed(Brake. Hutchings,Murgan,Lasalle, &

Shi, 1987; Huíchingscí al., >987), sovoralgosialionaland
lactationalparamo[ers werocuntrolled,as describodelsewbore
(Navarroel al., 1994b).Figuro 1 depicísthe lack uf consistent

effectsof matemalexpusuretu THC on fund- andwater-intake
during gestationandlactation.A similar profile wasobservod
aherHU-210 exposuro.

Morphine treatment.Murphino hydrochloridewasusod
for the CPPstudios. It was suppliedby CentroNacional do
Estupefacientesy Psicótropos.proparoddaily using isotonic
salino as vohicle, andinjocled intrapcri[oneally al [he dosos
describedin Ihe ExperimonísSoction,in a volume of 0.3
ml. Nonoof the morphine dosestosted inducedpbysical

dependence.as ovalualedusing naloxone(1 mg/kg) afler
Ihe 3-day cunditioningsessions(Rodríguezdo Fonsecael
al., 1995a).

AcuteHU-210 exposure.HU-210-induceda¡tera[iuns in

Ihe secrotionof corticusleroneandprolaclin wore studied
in animalsboaringindwolling atrial cannulae.HU-210 was
preparodin saline/prupylene-glycol/Tween80 vehiclo (90:5:5
y/y), and injectedintravenouslyal a duso of 20 ¡.iglkg in a
vulumeuf ¡00 pl.

BehavioralTesting

Elevatedplus-mare.The performanceof Ihe uffspring
in the elovaled plus-mazowas repeatodlyevaluatodat
postnataldays 20,30,40, and 70, fullowing previuusly
describedrnotbuds (Rubio el al. 1995). The rosulís woro
exprossedas 1) tho absolutotime spontin Ibe exposedarms
uf Ihe mazo,and2) [he number of arm entries. AII ibo

bohavioral studies look placeduring the murning limo of
tho light cycle (09:30 - 13:00 br)

Defensivewithdrawal. Defensive-withdrawaltesí was
cunductedas previouslydescribod(Rodríguezde Fonsecaeí
al., ¡996). Tho apparatusconsis[ed uf an opaqueopon field

(¡00 x lOO x 40cm), the fluor of which was markedwith
20 x 20 cm squaros.‘[he field containoda cylindrical

polyethylonochamber,measuring17cmdeepand 10cmin
diameten‘[he chamberwas upen al uno end arel si[uated
alongsideIho wall runninglengthwisoand20 cm awayfrum
a comerof Iho opon tield. me upen tiold was illuminated
íísing a 500W halogoncoiling lighm. which wasrogulalodlo
yield 350 lux al Ihe centorof iho upen fiold. Tosling was

cunductodonly undernovelty conditiuns.as descrihedin Ihe
ExperimcntsSection.‘[he ratswore placedinside iho chamber.

in Ibo opon field, audthe fullowing bohaviorswcre scorod
by trainod uhsorvers, who were blind tu experimental
cundi[iuns: ¡atency in leaving Iho chamber(emergence

laíency), definod as placemeníof alí fuur paws in Ihe upen
fleld; thc tulal time spenlin Ihe chambor;tho meanlime spent
in te chamber(i.e.. the tolal time spont in ihe chamber

divided hy the total numboruf entrios);motoractivity, defined
as tho total numberof ¡mes un the fluor of Ihe open ficíd
crusseduuísido te chambor(crussings>,andiho numheruf

rearirigsperformedculsido the chamber.‘[he Cosí length was
¡5 mm. Ahertesting each animal,Ihe apparaluswascleaned
witb a woak acid solulion (1%. acotic acid) tu preventolfacloiy
cuesfrum affectingIho behavioruf subsequenllytesíedrats.

Conditioning. Morphino-inducodplaco preforence(CPP)
studies wero performedas proviuuslydoscribed(Rodríguez

do Fonsecaci al., 1995a),usinga throe-armapparatussimilar
tu Ihal descrihedby Hand, Slinus, & Le Moal (¡989). ‘[he

apparatuscunsistoduf throo intercunnoctedrectangularboxes.
measunng40 x 35 x 35 cm, situatodat 12(1’ anglosfrom each
uther. In ihe middle, therewasa triangularareawiíh a smooth
glass Iluor, Irum which anyuf the threo cumpartmentswere
accessible.Eachcumpartmentwasequippedwith a differenl

setof sensurysíimuli: compartmeníA wasequippedwilh a
sandtluor. plain walls, anda small containorwiíh a drup uf
¡0% aceticacid. ComparímeníE cuntainodaromuvablesufí
plaslic fluor, walls painted wiíh white dut circlos (7.5 cm),

anda small cuntainerwith a drup of anisooxtract. Finally,
compartmen[ C hada cork tioui; altornatingwhito strips (5
clii wide) paintedun ¡he walls. andno odur (a containerwith
distillod walor). ‘[he apparatuswas placed in a dimly
illuminated (11<) Lux) isolatedroom. Eachcumpartmenlwas
equippedwith eighl photucollswhich allowed us [u monitor
tho pusition of Ihe animal,andlo autumaticallyregistorthe
timo spenl in cacbcompartmenl.Afler lesling eachanimal,
the floors werechangedai~d washodlo avuid odurcues.Each
CPP experimenícunsistodof a5-day sehodule,with íhree
phases:preconditioning,conditiuning andlesting. Animals
exhibitingstrong unconditiunedavorsions(< ¡0% of tho
sessiun)or preferencos(> 60% uf Ihe session)for any
compartmonlin the45-minutoprecondiíioningsessionwere
discardedfor the conditioning procedures.‘[huso lwo
cumpartmenlstu whicb Ihe animalsexhibitedte musísimilar
preference-timewerorandumlyassignedfor ihe cunditioning
procedure.This cunsisteduf a 3-day seheduloof double
cundilioning sessions.The first day invulveda momning session
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(9:00 - 13:00) in wbich animalsreceiveda singleduseuf
morphine(a fulí duso-rospunse(experimení 1 ( or 350 g/kg
ip, in THC-exposodanimals)and were immediaíely placed
in onoof Ihe cumpartrnents.During Ihis 30-mm cunditioning
session,tho animalswere not a¡lowedtu explore Ihe other

compartmentsuf te apparatus.In [he eveningsession(16:00
- 19:00) thoanimalsreceiveda singleintraperitunoalinjeclion
uf salinosolution, and were placedfor 30 mm in the other
cornpartmentchosonfor conditioning.On Iho seconddayof
cunditioning, Iho ratsreceivedthesalino injoctions in [he
morningsessiunand [he drugadministrationin Iho ovening
session.OnIhe third dayuf cunditiuning,[be samesohodulo
wasusod as un Ihe first une. On thebasisuf preliminary
gludios in unir laboratury,we chuseIhis schedute[o avoid
circadianvariability (morning/evening).Aftor threedaysuf
conditiuning,[he animalswere againallowedtu freely exploro
Ihe lhree compartmonts,as in [he precunditioningphase

(testingsession).The absolutotime spentin eachcumpartment
wasautomaíicallyregisterodandusedfur Iho evaluatiunof
[heCPP.

Locomotoractivity. During the different conditiuning
sossions,[he pusitiun of Ihe animal in the cumpartmentwas
autumaticallyregisteredby meansof the photocellssystom
describedaboye,andIbe tutal numborof beaminterruptions
wasusedfor tho analysisof locomotorac[ivity (Rodríguez

de Fonsecaet al. 1 995a).

Samplingand Hormonal Deíerminations

Throo hundredmicroliters of bluod wore withdrawnat
-20,0,30, 60, and 120 minutesboforoandafter Ihe injection

uf HU-210 from [hejugular vein witb a heparinizodsyringe.
Sixly minutesafter ub[aining Iho lasí samplo,tho animals
were saerificedby rapid decapitationusing a guillotine.

Animais werepreviously farniliarized with this handling
proceduro.Trunk bluod was collected in tuboscontaining
400 ¡tI of 6% EDTA, and centrifugedat 2500 x g at 40C.
Plasmawas stored, frozon al -200C, until assayedfur
hormonaldeterminatiuns.Plasmacurticosteronolevels were
measuredby a radioimmunu-assaysystem(RIA), usinga
speciflcantibodyfrom Bio Clin (Cardiff, Walos). This RíA-
systernyiolds basal valuesof corticosteroneof ¶75 ±25
ng/ml in undisturbodadult malo animals,and 500 ±70 ng/ml
in stressodanimals(Rodríguezde Fonsecaet al., 1996). ‘[he
variability uf the methodwas ¡5.3%,and[he detectionlimit
was 62 pg/ml. PlasmaPRL levels wero moasured,as
previouslydescribed(Rodríguezde Fonsecaet al., 1995b),
by a spocific doub¡e-antibudyRIA-system,using ma[eria¡s
kindly providedby [he Natiunal HormuneandPituitary
Program(NIH, Belbesda,MD, USA). Valuesaro expressed
in ng/ml of roferencepreparalionrPRL-RP3.Tho intra-assay
cuefficient of variationwas 3.3% and Ihe sensitivity was
0.025 ng/ml. AlI sainplosweromeasuredin the sameassay
tu avoid interassayvariations.

StatistiealAnalyses

Twu levels uf analysiswere performedin Iho presení
study. Dala of individual animals wero assessedby
mul[ifaclorial analysisuf variance,asrequired. Fullowing a

signifocantE value,posthoc analyses(Newman-Kouls)were
performedfur assessingspecifocgruupcomparisuns.Lilter
analysoswore perfurmodfollowing 1-lolsun ciad Pearce(¡992)
suggestions,in ordertu assess[he presenceuf lilter effects.
‘[o this end,ANOVAs wereperfurmedusing the meanlitíer
value ubservodasIhe unit lur analysis.AII calculaíionswere

performedusingthe BMDP statisticalpackage.
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Efjécts of Perinatal Exposureto THC on Several
Gesitational andLactational Parameters

In order lo assossthe possibleloxie and nutritional effects
uf ‘[HG administratiun, repurtedelsewhere(Brake et al.,
1987;Hutchingset al., 1987),we recordedseveralparametors
throughuutIhe gosíationand lactatiun (seo Figure 1), as
previously described(Navarroet al., 1994b).Our results
shuwedthat treatmentwith ‘[HC 20 mg/kg reducedmaternal

food-intakeduring the first day of treaímenr(simple offect
uf dose),F(3, 12) = 7A>p < .005, and Ihesecund,F(3, 12)
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= 8.7, p < .003, disappearingthereafter.Moreover, overalí
ANOVA analysisdid nol revealdifferencosin matemalfuod-

intake throughouit the entire gestation,1(3, 12) = 1.2, p =

.35 (nonsignificaní).Mothersexposedtu THC 1 mg/kg drank
more wator during gestation,F(3, 12) = 4.6, p < .02,
althuughthis effect disappoarodduringthe lactational poriod.

Perinatal‘[HG exposuredid nul result in differenceseither
in maternalweigbt-gain, or in Ihe size and weight of tho

lilíers (data not shuwn). Weigbt gain of the offspring,
measurodun postnataldays lO, 15, 20, 30, and40 wasequal
in all Ihe experimentalgruups(datanot shown).
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Effects of Maternal Exposuretu THC un Behaviural
Pe4bnnanceiv the EIeí’ated Plus-Muzí’

The analysisuf thc perfurtuancein Ihe elevatedplus-
mazerovoaled adoveloprnenlalcffrct boíh in thetimo spent
lii the exposodarmsant> in dio nuniheruf arm entiles. 1<3.
303) = ¡2.7, p < .0001, andF(3. 3<13) = 22.2. ,‘, < .0001.
respectively.with a markedlydifíerení responsein Ihe adulí
age(postnataldey 70). Both otfectsappoarcdas a rcsult uf
maternaloxposurolo THC: main effectof maternaltrcatrnent,
1(9, 303) = ¡.9, p < .05; and [‘(9, 3031 = 3.6, p < <105.
frr time speníuuí and arm erarios rospecíively. flowevor,
the nalurouf Iho alterationsin expluratury and locomotor
behaviurs soemodtu be differont. Thus, a clear sex x
trealmentx pustnatal—dayinícíaclionappearedin Ihe analysis
uf Ibe lime spen¡ il] dio exposedarrasof Iho mazo.149,303)
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3,9, ,o < .01: malo ollspring uf muthersexpusedtu cilber
TiIC 1 ur 5 mg/kg oxhibited bigherexpluralurybobavions.
whereasIhuseexposodtu 11 IC 20 mg/kg exhibitedaconstaní
tondoncy lo avoid ihe explurationof tho expusedarmsuf

[he mase.Femalooffspring also oxhihitedchangosin the
panerou> expiuretionu! Ihe upenanosun pusínataldcv 70.
altbuughthe changoswere 1101 dose-dependont,appearingal
‘[lIC ¡ and 20 mg/kg. híít no? al 5 mg/kg. Regarding
locomotoractivity in tbe mase,malo offspring nf muthers
exposedlo ‘[HG 20 mg/kg exhibitod a significaní decreaso

in thc numberof arm oníriesíhruughoutdevoluptuení.Adull
uffspring expusedtu ‘[lIC 1 mg/kg oxhibitod cm upposite

patternun pusínalalday 70. wi íb a high n umbor of arm
cotries. Femalesdisplaved sume changos tliruughuut
devoluprnent,hui thoy vero nuí consistení.and were not
presea?;.íl adoIt ages.
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Effects of Exposure tu THC un the Peiformance of
Adult Offspring iv the Defensive-WithdrawalTest
under Novelíy Cunditions

‘[he paííern uf behaviur displayod in the defensivo

withdrawal testwas clearly sex-dimorphic,as reflocted in
the sevoralparamoíersscured:female animalsemerged
befure males, [‘(1, 81) = 23.9, p < .000?.they remained
lesstime inside ihe tubo. [‘(1. SI) = 29.7, p < .0001,and
they exhibited highermotur-activity seoresIban malesfor
crossings, [‘(1 Sl) = 69.2, p < .0001,and fui rearings,

UNCONOITIONED SPONTANEOUS LOCOMOTION
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[‘(1,813=39.7, p <.0001. Maternalexposuretu THC ¡ ur
5 mg/kg. buí nul tu 20 mg/kg resulted in a decreased
emergencelaíoncy in malo uffspring: sex x treatment
interaclion,[‘(3,81) = 3.01, p <.04. Malo offspringofíhe
‘[HC 1 mg/kg group remainodless time inside¡hetubo, [‘(1,
25) 8.75, p <.01, andíhey also exhibitedalower mean
time spentin dio small chamberwhencomparodtu control
animals. [‘(1, 25) = 5.5?, p < .03 (dalanot shown). A

significanísez x treatmenlinteractionwasalsoobservedin
buth the numberof crossings,[‘(3, 81) = 4.72. p < .005,
andrearings,[‘(3, Sí) = 4.2, p < .01. scuredduringIho tesí.
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EJfrcts of Maternal Exposureto THC on
Spontaneous and Morphine-Assuciated Locomutur
Activitv

Maternalexposuretu ‘[HG did not result itt alterations
in sponlaneousunconditionedlocomutionexhibitedby adult
animals,independentlyuf Ihe sex variable. However, the
responsolo morphineubsorvedduring conditioningsessions
was sexualíydimurphic, F(¡, 53) 13 1.2, p< .005, and

was affectedby porinalal expusurotu THC, [‘(15, 265) =

2.4!, p < .05. Animals of Iho vohicle groupdid nut show
alteredlocomotion aftermurpbine350gg/kgtroatmentduring
conditioning sessiuns<seo Figure 4B and 4C). Huwevor,
malo animaisbom from mothersoxpusedtu ‘[HG 5 or 20
mg/kg exhibited a differential responsotu ñrst morphine
when comparedwilh ‘[HG ¡ mg/kg gruup, [‘(3, 53)= 3.7,

p < .05. This differeníial responsocuuld he slill ubsorved
in the íliird conditioning sesgion,un which a sensirized
locomotorresponsetu murphineappoaredin animaisuf Ihe
THC 1 mg/kg group,[‘(1, 12)=4.l, p= .05.

EffectsofMaternal Expusuretu TI-fC en Morphine
Place-Prefrrencein Adult Offspring

Maternal expusuretu low dusosuf THC resulted in
enhancodsensitivity lo dio reinforcing proporries uf
murphine 350 pg/kg displayedby the adult offspring, as

meastíredin tbe placepreforenceparadigni, [‘(3, ¡24) =

4.4, p < .005.’[he effect wassexuallydimorphic,[‘(1, 124)
= 11.1, p < .00]. Malo offspring of Ihe THC ¡ and5
mg/kg duso group increasedtheir preferoncefor Ihe
morphine-pairedcumpartmentwith respecttu thesalino-

pairedcumparímení,[‘(3, 60) 3.3, p < .03. Only fomale
uffspring of Ihe ‘[HG ¡ mg/kg gruup incroased[hoir
proferoncefor Ibo morphine-pairedcompartmontwilh

respocttu the saline-pairodcumparímení:simple offectof
maternaloxposurolo ‘[HG ¡ mg/kg. a, 64) 5.7, p

.03. Neithor cuntrol-offspring flor [huso buin of mothers
expusedtu ‘[tIC 20 mg/kg exhihited adecir proforoncofor
11w murphine-pairedcumparímoníwhen cumparedlo [he

saline-pairodune.
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CORTICOSTERONE VARIATIONS
APTER CONDITIONING TESTING
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Figure 6. (A). Changesin corticostorunelevels(exposed/basalratio x lOO) assuciatodwith the oxposuretu Ihe condiliuning mazo in
adulí malo andfemaloanimalsbornuf moíhersexposedlo THC during gesíationandlactation. (B) Changosin plasma-prolactinleveis
(exposed/basalratio x lOO) associatedwith Ihe oxposurolo Iho condilioningmazo in thesameanimals.(C) Pusilivo correlationbotween
plasma-corticostoroneloveis and proforoncofui murphino-pairedeumpartmentin malesuf Ihe THC 1 mg/kg dosogruup, buí nol in
vohiclo-groupanimals (D). (*) p c 0.05, Newman- Kouls,versas vohicle- Ireatedanimals.

Effects of Maternal Exposure to THC on ¡‘¿asma
Hormonal LeveisaJter MorphinePlace-Preference

Ecisal corticosteronelevels (datanot shown)wore sex-
dimorphic, F(l, 83) = ¡2.03, p < .001, and they wore
clearly affoctod by maternal exposuroto THC: sex x
trecitmentinteraction, [‘(1, 83) = 7.66, p < .01. Maternal
oxposuretu ‘[HG resultedin high basalcorticosteronolovols
in fernalooffspring and reducedbasallevels uf Ihis steroid
in malo offspring of tho ‘[HG ¡ mg/kg group. Exposuretu
te place-preferencetost incroased[heleveis of this adrenal
steroid: tesíeffect, F(l, 141)= ¡0.2, p < .005. ‘[he ratio,
corticosterone levels (CPP groups)/average basal
corticusteronolevels,displayedmarkedsexualdimorphism,
[‘(1, 62) = 16.7, p < .0001, showing a clear offect of

maternaltroatmorot,[‘(3, 62) = 6.8, p < .0005,andci mcirked
treatmentinteraction,[‘(3, 62) = 12.85, p < .0001,

which revealedthat malo offspringof muthors exposedtu
THC-l mg/kg displayeda higher increasein corticosterone

levois as a resultof the exposurotu the CPP test(Figure 6).
‘[his activaloryoffect cissociatedtwith CPPtesting wasnot
observodin malesfrom the low THC-expusuregroupswhen
plasmaprolactinwas analyzed.Moreover,it appearedin alí
females,indepondentlyof maternalTI-IC exposure,and in
malesfrom Ihe 20 rng/kg-dosegroup. Regressionanalysis
revealedthaI thechangoof preferencefor Ihe morphine-

paired compartmentcorrelatespositivoly with plasma
corticosteronelevels in malesof the ‘[HG 1 mgAg-groups,
[‘(1, 8) 6.75, p <.04, r = 0.49. ‘[his positivo correlation
was not observodin Ihe remainingexperimentalgroups.
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Table 2
Liver Analysisof Me Effecrs of Perinatal Expusure
conditionedPlace-Preference(CPP) Croups.

Paramelers

Vehiclo

Mother Trealmení

TI-IC ¡ (mc/kg) THG 5 (mc/kg) THC 20 (me/kg)

Emergeneelatency

Males 438,4±¡52.8 87.9±28.3(*) ¡52.6±36.5 (~) 298.7±¡84.9

Fomales 25,1 ±8.2 26,9±¡3.2 ¡5.3±5.1 14.6±2.9

Changoof preference

Mates 284 ±177.5 715.9±246.2(*3 386 ±50.8 36.8 ±84.4

Fomales -53.5 ±73.6 ¡92.5±¡34.7 79.8 ±22.9 -159 ±79.1

Basal ACTH (pg/ml)

Malos 126.1 ±¡0 296 ±73.7 (~) ¡30.4±¡7.6 ¡14.9±42.4

Fon,a¡es 109.9 ±¡4.2 52.4± 31.6 169.7±64.4 ¡01.1 ±4.9

ACTH post CPP (pg/ml)

Males 464.2 ±34.3(#) 248.6±23.6 (*) 320.1 ±46.5(#) 292.3 ±64.2(#)

Females 367.7 ±93.3(#) 220.9 ±26.2 288.3 ±73 218.0±38.7(#)

BasalCorlicosterono(ng/mí)

Males 221.5 ±63 ¡23.4 ±¡O(~) ¡74.4 ±13.3 271.9±¡LS

Females 339.0 ±73.3 646.1 ±102.9(*) 421.9 ±111.8 394.2±90.5

Curricosteronepusí GPP(ng/mí)

Males 408.5±65.2 525.3±77.9(#) 384.0 ±31.8 397.0 ±84.1

Femalos 413,7±¡00.1 451.5 ±122.7 479.0 ±¡¡0.5 529.5 ±37.2

* p < 0.05, NowmanKeulsversus vohicle-trecitedgruup.# p < 0.05, NewmanKeu¡s versos basalgroupuf Ihe gamotreatment.

Litter Analysisof the Effects
So TJJC

of Perinatal Exposure

Lilter analysisshowedthaIperinalalexposuretu ‘[HG ¡
or 5 mg/kgresulted in asignificantdecreasoin Ibe emorgence
latency andin a tendencytu oxhibil adecroasein tho total
time spontin the compartmentof te defensive-withdrawal
tosí, [‘(3,22) = 3.91, p <.02,and[‘(3,22) = 2.52, p <.08,

respectively.‘[hero wcis markedsexualdimorphismin the
porformanceof this íest,as describedaboye,cind perinatal
THC exposurofailed tu inducealterationsin femaleoffspring.
‘[he offectsof perinatal lreatmont with ‘[HG 1 mg/kg un
murphine-inducedchangoof placeproferencewere presení
when Ihe meanlitter value wasconsideredas Ihe unil for

analysis,[‘(3,19) = 3.8, p < .02 (seoTable2). Tbeseoffects
woro sexuaiíydimorphic, [‘(3,19) = 8.7, p <.008, andwere

signiticcirsí in malesexposedtu ‘[HG ¡ mg/kg.ACTH analysis
reveciledIhe presenceuf increasodplasma-ACTHlevois as

aresultofthoCPPtesting,[‘(1,44) = 35.7, p< .0001. ‘[hero
wasa significaní tosí x treatmentinteraction,[‘(3, 44)= 5.4,
p < .004,revecilinga disruptingeffect of maternalexposure

tu ‘[HG ¡ mg/kg un dio patternof AGTI-I ¡evelsdisplayed
by both te basalandplace-proferencogroups.Lilter analysis
confirmed Ihe sex-dimorphiceffecls of maternal ‘[HG
expusureun basal corticosteronelovels: sex x trealmoní
interaction,[‘(3, 22) = 4.3, p < .02; and[he differentresponse
tu tbeCPPtesí, [‘(3, 44)= 3.8, p e .02, in malesandfemales
as a resulíof dio exposuretu ‘[HG.

50
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EFFECT OF MATERNAL EXPOSURE TO HU-210
QN TME QLUCOCORTICOIO RESPONSE TO
ACUTE CANNABINOID TREATMENT
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Figure 7 Maternalexposurelo Iho cannabinuidreceptoragonisí 1-IU-210 resultsin alloralloasin Ihe responseof both Ihe pituitary-
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Maternalexposuretu [he highly poíent cannabinoid
receptoragonisí HU-210 resultedin a permanentlyaltered

sensitivity of the HPA axis tu the activating offects uf
cannabinoids:doso effect, F(3, 16) = 3.7, p c .05.Maternal
oxposure tu HU-210 resulted in lower mean basal

corticosteronelevels(seoFigure 7A). Afíer acuteinjection
uf HU-210, the animalsbom from mothersof Ibe 1 pg/kg-
gruupexhibiteda potentiatedandlong-lastingcorticosterone
response,with maximal increasesup tu 500% uver mean

basallevels: time effectF(5, 80) = 6,1 p <.0001.This effect
wasnol observedin animalsfrom Ihe 25 ig/kg-dosegroup,
which shuweda morosubduedresponseof shorterduratiun:
time effect,F(5, 80) = 1.2, p = .14 (nonsignificant). Plasma-
prolactinresponsetu HIJ-210in controlanimalswasbiphasic,

with a short activating responsoubsorved30 mm after Ihe
injection anda subsequentIong-lasting inhibition, F(5, SO)
= ¡5.07 p < .0001 (seoFigure 7B). Maternalexposuretu
HU-210 only affectedIhe stimulatory phaseof tho response
tu HU-2lO, again io the lower-dosegroup: absenceof simple
effect of maternaltreatmentwith HU-210, 1 .sg/kg,un 30-
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Discussion

The prosenístudy showsthat maternaloxposurotu Iho
psychoactiveconstituontuf cannabisTHC resultsin a clustor
of behavioralandendocrinoaltorationsin the adulí offspring
that can be rovoaled aflor chaiJongeswith drugs (upiales,
cannabinoids)or envirunmontalmodificaíions.‘[bus, maternal
exposuretu ‘[HG increasodIhe sensitivity tu Iho roinforcing

prupertiosof a moderatoduseuf murphino in dio adult
uffspring, as moasuredin the CPPparadigm.‘[bis sensitivity
was greator in animals oxposedtu low dosesuf Ibis
cannabinuid(1 and5 mg/kg), andwasfoundtu be sexually

dimurphic. Place-conditiuninginducod by morphino 350
pg/kg iii malo uffspring perinatallyexposedtu ‘ERG ¡ mg/kg
wassimilar tu that obtainedin control animalsusing doses
3-6 times greater(Rodríguezdo Fonsecaet al., 1995a;Rubio,
Rodríguez de Fonseca, Martín-Calderón, del Arco,
Bartolomé, Villanda, & Navarro,in press).A recont repurt
indicatesthatthis increasedsensitivity is extensivotu oporant
responsesfor opiates,using a model of morphineself-
adminisíration(Martin eí al., 1996).Theanimalsoxpusod
perinatallytu ‘ERG cilso exhibitedsexuallydimorphicchangos
in [he behavioralreactivity lo novel envirunments(seoFigure

3 fur Ihe defonsivo-wiíhdrawalstudy) andin Iho oxploraíory
behaviorsof a familiar onvironmentwiíh aversiveprupertios
(seoFigure 2 fur Ihe plus-mazostudy). The endocrino
altoratiunsobservodincludedsexuallydimorphic alterations

un Iho reactivity of Ibe hypothalamu-piíuitary-adrenalaxis
lo dio adaptivechallengeof dio CPPtesting.Malo offspring
born of mothorsoxposedtu THC (1 urS mg/kg) displayed
normaltu luw basallovels of corticusteruno,andan enhancod

adrenalresponsetu theCPP challenge.Huwover, female
offspring perinatcilly exposedtu ‘[HG (1 ur 5 mg/kg)

• displayodthe oppositepattem:permanontlyelevatedplasma
levols of corticosteroneand ablunted adrenalresponsotu
tbeHPA-activatingeffectsof dio CPP íost. Lastly, males
bum of mothersexpusodlo dio polent cannabinoidHU-210

exhibiteda doso-relatodaltoredHPA responsetu cm acute
cannabinoidchallengo:animalsbom frum mothorsexposed

tu [he low doseof thecannabinoid(1 ¡ig\kg) exhibiteda
sensitizod and long-lasting responsetu acute HU-210
exposure,whereasIhosoborn of moíhois treatodwilh Iho
highor doso (25 ~¡g/kg) displayeda desensilizedresponso
tu the acutecannabinoidchallengo.Prolactin response
displayod sumesubíle a¡íerationsin tho ¡uwor-dosogruup,
although tboy only ciffected tho transientactivaloryeffect
of cannabinoidin its socretion.‘[he resultaobservedin males
areconsistentwith proviously reportedfindings which roflecí
[bar early lito oxpeuiences,sucb asprenatalstressorperinatal
expusurotu opiates,amphotamine,and cocaino, rnight
cunstitutoa vulnerabiliíy factor fur drug abuse(Gallaghan
el al., 1994; Deminiéro et al., 1992; Gagin el al., 1997;
Kollor el al. 1996; Piazza& Le Moal, 1996).

An imbalancein the mesulimbic dupciminorgicnetwork
hasbeenconsiderodas tbeneuro-chemicalbasis of the

vulnerability tu psychostimulaníself-administraíionin rodents
(Piazzaet al., 1989). As describedaboye,matemalexposuro
tu cannabinoidsnot only resultsin developmontala¡terations

uf [he dopaminergicsystemsin Ihe brain (Bonnin el al.,
1994; Rodríguezdo Fonsecael al., 1990, 1991a, 1992a),

but lii permaneníneuro-chemicalalteratjoasin adulthoud
(Garcíaot al. 1996; Navarro, de Miguel, Rodríguezde
Fonseca, Ramos, & Fernández-Ruiz, 1996; Navarro,
Rodríguezde Fonseca,Hernández,Ramos,& Fernández-
Ruiz, 1994a; Navarro, Rubio, & Rodríguezde Fonseca,
1995;Rubio el al., ¡995). lf we considorthesoobservatiuns
íogetherwilh the data reflecting the alíeratiuns in the
bohaviural reactivity tu novelty and the responsetu
morphine,as well as tho UPA a¡lorations,we can arguethat

maternalexposuretu ‘[HG leadstu a vulnerablephenotype,
partially resemblingthaI proposedfui amphotaminesolf-
administration: mesucorticolimbicdupaminorgicaltorations,
increasodbehaviural responsestu nuvelty, and a sharp
adrencilresponsetu adaptivochallengos(Piazzaet al., 1959,
1993, 1996). ‘[his propusodmodel uf vulnerabiliíy is depicted
in Figure 8. Furtherresearchis needodtu establishtu wbat
oxtent it can be also rolevaní for human species.

In Ibo animalsoxpusedtu low dusesof ‘ERG, dio responso
tu Iho CPP íost was shiftod tu exhibit buth cm increased
sensitivity lo Ihe roinforcing propertiosof an ED5<> dose of
murphino (resulting in a necir ¡00% positivo changeof
preferoncein perinatal-exposedanimals),anda clearnseIn
plasmacuxticosteronelevels, whicbwero positivoly correlalod.

Inlerestingly, prolactinresponsotu tho GP?challengewas
nul corrolatedwith dio appearancoof cundilioning,although
it wasclearly ciffectod by Ihe oxposuretu THG 20 mg/kg..
The polent andlong-lasling adronalresponsetu acuteRU-

210 exposurein animalsborn of muthersoxposedtu low
dusosof this cannabinoidis ci remarkablefinding, sincoibis
typeof sonsitizedHPA responsehasalsoboen proposodas
afactor underlyingvulnorability tu psychustimulantself-
adminisíration (Maccari eí al., 1991). Soveralmechanistus
hayo beenproposedin the elicitation of Iho perinataleffects
of cannabinuids(for reviow, seoFernández-Ruizel al. 1992
andNavarro ot al., 1995). ‘[hoy include changosin opioid

peptidesciad thoir recopturs(Kumar el al., ¡990), prenatal
stress-likeoffocts (Rubio el aí., 1995), direcí effects un
deveíupingmonoaminergiesystems(Bonnin et al., 1994;
Navarroel al., 1996; Rodríguezdo Fonsecael al., 1991a;
Wal[ers & Can, 1956), andiho activationof brain cannabinoid
recoploiswhich arepresontat birth (Rodríguezde Fonseca
el al., 1993). Bosidos tbe proviuusly describodactions of
cannabinoidsun Ihe develuptuontalprofile of dopaminergie
celís,apossiblecannabinuid-ioduceddevelupmeotalalteratiun
in opioid peptidesandtbeir receptorsmusí be considorodes
a factor underlying Ihe increasedsonsitivity tu morphino-
inducedplacepreferonce.It hasboen proviously doscribed

thaI perinatal cannabinoidoxposuro can (a) alter Ihe
developmeníalexpressionof upioid peplidosin dio reí brain

(Kumaret al., 1990),and(b) inducechangosin upiuid-related



CANNABIS AND ADDIGTION VULNERABILI’[Y 53

EARLY ENVIRONMENTAL
EVENTS

‘Ir
MATERNAL

GLUCOCORTICOID
SECRETION

ENVIRONMENTAL CHALLENGES
DRUGS (CANNABINOIDS, OPIATES)

STRESS (NOVEL’[Y, SOCIAL...>

ADULT BRAIN

‘1$

‘I~ * *

Figure 8. Proposedmodel of vulnerability tu onvirunmentalchallengosinducedby maternalexpusuretu THC, Ihepyschoactivoconstiluení
of Cannabissativa, in rodenís.THG exposureduring crilical dove¡opmenlalporiods may resulí in permanenía¡teraíionsin brain
structuro/funclionby oithor Ihe sílmulationof GB-l roceptorspreseníduring Iho dovolopment,or tho alleraíionsin maternalglucucorticoid
socretions,a known sourceof opigenetie-inducoddovelopmontalplasticily. Adulí challongesoither with drugs(i.e. opiales)or with
environmentalstrossors(i.e. nuvetty)will result in a modifiedpaííernof neuro-chemical,endocrino,andbohavioralresponses,leading
ultimalely lo inadaptionandvulnerabilily.

¡ DEVELOPING BFlAIN 3

ALTEPED NEUROCHEMICAL RESPONSES

MONOAMINES, NEUROPEPTIDES

ALTERES NEUROENDOCIRINIE RESPONSES
ENHANCED GLUCOCORTICOID SECRETION

ALTERES SEHAVIORAL RESPONSES

ANXIETY-LIKE BEHAVIORS
IMPAIRMENT OF LEARNING SKILLS

INDIVIDUAL VULNERABOLITY TO OPUS ASURE:

ADDICTIVE PERSONALITY
RISK BEHAVIORS

SENSITIZED RESPONSES TO DRUGS



54 NAVARRO AND RODRÍGUEZDE FONSECA

behaviors(Vela,Fuentes,Bonnin,Fernández-Ruiz,& Ruiz-
Gayo, 1995),namely analoxone(5 mg/kg)-inducedopioid-

liko abstinencesyndromoin weanlingmalesexposodtu tho
cannabinoid,auddove¡upmontalalíeralionsin bo[h pain
sonsilivity and the analgotie prupertiesuf morphine.
Moreuver,íbero is a decir associationbetwoenondogenous
opluid andcannabinuidsystemsin reward-relatedaroas,
supportingan importantinteractionin the modulatiun by Ihe
cannabinoidsystemof tho reinforcing propertiesof opicites
(Gardner& Luwinson,1991).

The sexualdimorphismalroadyreported,which hasalso
beenobsorvedin tho prosentsludy, is ci communfinding in
porinatalcannabinoidstudies(Dalíerio andBaríke, 1979;
Fernández-Ruizet al., 1992; Navarroel al., 1994b),and
might be reflocting Iho sex- dopondentdevelopmentalprofile
uf bodi opiuid roceptors(Hammer, ¡985), and cannabinoid
receptors(Rodríguezde Fonsecaet ‘al. 1993) in Ihe ral brain.
An additiunal explanatiunfor tho effectsdescribedafter
perinatalTHG might be a possiblocannabinoid-induced
súess-likeeffecí. ‘[bis prenatalstress-likoeffectmighí occur
through a THC-inducedactivationof maternalHPA axis,
resulting in a riso of plasma-corticosteronelovels in Ihe
fetuses,which are dopondentun matornal levols (Ward &
Weisz, 1984; seo Figure 5). Howevor,this possibility must
still beconclusively detormined.Reconístudies(McCurmick,
Smytho,Sharma,& Moaney, ¡995; Valleé et al., 1997) hayo
describodhow malernal-rostrainístress resultod in a
permanontincreaseof basalcorticusteronelevelsin Ihe adult
female offspring, which is tho samefinding that wo hayo
observedafíer perinatalexposurelo ‘[HG. and which has
aÑo boenfound after perinatalexposuretu alcohol in rals
(Lee & Rivier, 1996; ‘[aylur, Branch,Nelson, Fane,& Poland,
1986).Additiunally, pronalal sírosshasboen found tu alter
Ihe upioid contribution tu Iho bohavioral responsotu novel
environments(Poltyrov & Weinstuck. 1997). In any case,it
is worlhy uf note that the offecís of porinalal ‘[HG un
morphino sonsitivityand HPA activity maybe independoní,
althuugh associatodin malo animais oxposedtu the luwor
doseof THG. It romains tu be determinedwhethor Iho
associatiunbetweenmorphinoroinforcomen[ and HPA activily
is sexuallydimorphic in naivo animals,ospocially if we
consider that tho studies which hayo set a role for
glucucordcoidsun opiMo reinfurcement(seo Saham &
Stewart, 1995) hayo beonporformodunly wilh males,Other
gonder-rolatodfindings arosofrum the presentstudy: malo
rats bom of mothersoxposedtu ‘[HG (1 orSmg/kg)displayed
more expluratory behaviorin the defonsive-withdrawal
paradigm,which might be consideredtu resemblea female
patternof behavior.Huwevor, they displayeda groaler
sensitivity tu the reinforcing proportiesuf morphinothan did
femalesfrom Ihe sameexperimentalgroups.In addition,
a¡though females also showod an altered responselo

morphino whencomparedtu controis,lhey did not display
an onhancedadronalresponsetu [beGPPtestingbutexhibited
permanentlyelovatedbasal levels uf corticosterune.These

dala suggosttha[ perinatal‘[HG did nol resul[ either in
feminizaliun nor in masculinizationof thebehavioraland
endocrinoparametersstudied.We might concludefrom Ihese
findings that [be proposedrole of [be HPA in [be vulnerability
tu opiate reinforcoment is soxually dimorphic, andlhat
difforen[ial mechanismsmay be undorlyingibis responsein

both sexos.
‘[he surprising officacy of Iho low dusosof THC fur

eliciting long-torm behaviuralaltorcitionsmay be relatedtu
Ihe well-ducumen[edbiphasicactionsuf’[HG (Dowey, ¡986)
and anandamide(Fride el al., 1995),which cummonlyinduce
uppusing cictions al low dusos (0.2 -2.0 mg/kg) when
cumparedlo higherunes(5-50 mg/kg). ‘[his hasalso boon
ubservedusinganandamide,Ihe proposedendogenousligand

fur the brain cannabinuidreceptor(Frido & Mechoulam,
1996a,1996b; Wonger,Fragkakis,Giannikou,& Yiannakis,
1997). In any case,we obsorvedthatuffspringof muthers
oxpusodtu ‘[HG 20 mg/kg, adoso tha[ is 10-20timeshighor
thanthat estimatodfor humancunsumplionof 2-3 marijuana
cigaretiespor day (Rosenkrmrtzel al., ¶975),did nol oxhibil
oilher iheincroasedsensitivity tu Ihe reinforcingproporties

of morphinenor tho altorod responsetu novelty. Huwevor,
lhey did displciy altoralions in Iho locomotoractivily (seo
Figures 2 cind 3), in accurdancewitb proviuus studies
(Navarroet al., 1994a, ¡996). Regardlessof ihe lack of

offecís obsorvedin the GPPparadigm,it is importaní tu
remark that olher mechanisms,such as altoratiunsin the
ontugony of cannabinoidreceptois,nutritional deficits, or
olher adaptivoprucessesmay precludothe appoarancoof
Ihe effeclsobsorvedwith tho lower dusos.

In surnmary,porinatalexposuretu ‘[HG dosesrelalodtu
humanconsumplionproduceda clear shifí in the sensitivity
tu the roinforcingproportiosuf murphinoin malo offspring.
lnterestingly, rocenthypothosisatíributetho onsel of drug
addicíion lo a drug-inducedprogrossivedysregulationof
homeosíatieprocossescontrulling behaviural.nouru-chemical,
and ondocrineresponsestu relevantexternalstimuli (Kuob
& Lo Mocil, ¡997). The factthai cannabisconsumptionrnay
resulí in depondonceandaddictiun (Rodríguezde Fonseca
el al., 1997)and that a recentroport has linked a particular
CB-l receptorgenealbIo tu intravenuususeuf opiatosand
psychostimulants(Gomings ot al., 1997) pruvide further
suppurltu [benution of cannabinoidexposuroas a putential
vulnerabilily factor fur drug abuso.
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