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SUMMARY

Despite the increasing use of cannabis among adolescents, there are little and often 

contradictory studies on the long-term neurobiological consequences of cannabis 

consumption in juveniles. Adolescence is a critical phase for cerebral development, where 

the endocannabinoid system plays an important role influencing the release and action of 

different neurotransmitters. Therefore, a strong stimulation by the psychoactive 

component of marijuana, delta-9-tetrahydrocanabinol (THC), might lead to subtle but 

lasting neurobiological changes that can affect adult brain functions and behaviour. 

The literature here summarized by use of experimental animal models, puts forward that 

heavy cannabis consumption in adolescence may induce subtle changes in the adult brain 

circuits ending in altered emotional and cognitive performance, enhanced vulnerability for 

the use of more harmful drugs of abuse in selected individuals, and may represent a risk 

factor for developing schizophrenia in adulthood. 

Therefore, the potential problems arising in relation to marijuana consumption in 

adolescence suggest that this developmental phase is a vulnerable period for persistent 

adverse effects of cannabinoids.
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INTRODUCTION

Cannabis is the most commonly used illicit substance among adolescents and young 

adults. In 2004, 46% of 12th graders in the USA reported having tried cannabis at some 

point in their lifetime, 34% reported having used within the past month, and 5.6% 

reported having smoked cannabis daily (Johnston et al., 2004). Initiation into cannabis use 

typically begins in adolescence, as youths aged 12-17 constitute about two thirds of the 

new cannabis users (SAMHSA, 2004). Approximately 14% of adolescent-onset cannabis 

users develops cannabis dependence, a rate roughly twice that reported for adult-onset 

user (Chen et al., 1997; Chen and Anthony, 2003). Cannabis dependence is defined in the 

Diagnostic and Statistical Manual of Mental Disorder, (4th edition, text revision, DSM-

IVTR) as having at least three out of seven symptoms within one year. Moreover, very 

recently, record numbers of teenagers were requiring drug treatment as a result of 

smoking skunk, the highly potent cannabis strain containing 25 times more delta-9-

tetrahydrocannabinol (THC, the psychoactive ingredient) than the resin sold a decade ago.

Despite the constantly spreading use of cannabis among adolescents, there is little 

information about its neurobiological long-term consequences. The adolescent brain is 

particularly sensitive to internal and external variables such as drug exposure, 

environment and gonadal hormones, since in this period several active neural changes 

take place (Spear, 2000). In fact, adolescence is characterized by strong neuronal 

plasticity, with sprouting and pruning of synapses, myelinization of nerve fibers, changes 

in neurotransmitter concentrations and their receptor levels in brain areas essential for 

behavioural and cognitive functions (Rice and Barone, 2000). The receptor for 

cannabinoids (CB1) belongs to the Gi/Go-protein coupled receptor family, and, in 

mammalian brain, is densely diffused in regions involved in the processing of emotional 

inputs, rewarding stimuli, habit formation, and higher cognitive functions (Herkenham et 
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al., 1990). Endogenous cannabinoids modulate neurotransmitter release in many brain 

regions via CB1 receptors (Morisset and Urban 2001; Wilson and Nicoll 2001, 2002; Wilson 

et al., 2001). Accumulating evidence indicates that their peculiar mechanism of action as 

retrograde messengers is able to strongly influence both short-term and long-term forms 

of synaptic plasticity (Freund et al., 2003; Kreitzer and Regehr, 2002). Moreover, there is 

evidence for a role of the endocannabinoid system in neural development. Both 

cannabinoid receptors and endocannabinoid ligands can be detected in the brain during 

early developmental periods (Romero et al., 1997; Berrendero et al., 1999). The atypical 

distribution of cannabinoid CB1 receptors during the perinatal period seems to be related 

to a specific involvement of the endocannabinoid system in brain development. The 

system constituted by CB1 receptors and their putative endogenous ligands might 

influence the gene expression of several key genes for neural development as part of the 

specific function of the endocannabinoid system during this period (Fernandez Ruiz et al., 

2004). Moreover, in animal models, cannabinoid receptors have been shown to mature 

slowly, with maximal levels during adolescence which later drop to adult levels (Rodriguez 

de Fonseca et al., 1993; McLaughlin et al., 1994; Belue et al., 1995). Like dopamine 

receptors (Seeman, 1999), cannabinoid receptors may undergo postadolescent pruning. It 

is, therefore, conceivable that intake of exogenous cannabinoids, especially in vulnerable 

developmental periods, such as the adolescence, might induce residual effects. 

This review aims to examine the existing literature on the long-term consequences of 

cannabinoid exposure during adolescence, considering its effect on the emotional 

behaviour, cognitive function, psychotic illness and the “drug gateway” hypothesis. 

Adolescent cannabinoid exposure and adult emotional behaviour

There is an increasingly robust body of cross-sectional and prospective data supporting an 

association between adolescent use of cannabis and subsequent development of 
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depressive and/or anxiety disorders (Fergusson et al., 2002, Patton et al., 2002; Rey et 

al., 2002; Hayatbakhsh et al., 2007) but also conflicting data suggesting no association 

between early cannabis use and later depression (Arsenault et al., 2002). Nevertheless, 

even in case of such an association it is not possible to differentiate between an effect 

mediated by cannabis on neurodevelopment, or by other underlying factors such as 

genetic vulnerability and early adverse experience predisposing to early cannabis use and 

depressive/anxiety symptoms. 

Animal data in the literature are still scarce and conflicting, depending on the period of 

exposure, the dose and the cannabinoid agonist used. Chronic administration of CP-55,940 

in rats during adolescence (from postnatal day PND 35-45) resulted in marked behavioural 

effects in adulthood such as a decrease in the level of emotionality/anxiety in the open 

field and in the elevated plus maze (Biscaia et al., 2003). These effects seem sex-related 

and their nature depends on the specific behavioural test involved, with more marked 

effects in females than males. In contrast, O’Shea et al. (2004; 2006) reported increased 

anxiety after adolescent (from PND 30-51) but not adult CP-55,940 treatment in both 

female (O’Shea et al., 2004) and male rats (O’Shea et al., 2006). Recently, we studied the 

effect of adolescent exposure to increasing doses of THC for 11 days (35-45 PND) on adult 

emotional behaviour, considering anxiety and depression in rats of both sexes (Rubino et 

al., 2008). Neither females nor males showed any changes in anxiety responses (elevated 

plus maze and open field tests) but females presented significant “behavioural despair” 

(forced swim test) paralleled by anhedonia (sucrose preference) (fig. 1). In contrast, male 

rats showed no behavioural despair but did present anhedonia. This different behavioural 

picture was supported by biochemical parameters of depression, namely CREB alteration.  

In fact, in the hippocampus and prefrontal cortex CREB appears to be a vital mediator of 

antidepressant effects since a variety of antidepressant treatments increase CREB activity 
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in these brain regions (Nibuya et al, 1996; Thome et al, 2000; Sairanen et al, 2007; 

Tiraboschi et al, 2004). In addition, significant reductions in CREB protein levels have been 

found in the prefrontal cortex and hippocampus of suicide subjects (Dwivedi et al, 2003). 

Conversely, elevated CREB activity in the NAc produces various depressive-like effects in 

rodents (see for review Carlezon et al., 2005) that appear to be partly due to dynorphin, 

an endogenous ligand of k opioid receptors that is a target gene of CREB (Newton et al, 

2002). In our hands, the depressive profile observed in female rats was supported by 

biochemical data showing that only females had low CREB activity in the hippocampal 

formation and prefrontal cortex and high activity in the NAc paralleled by increases in 

dynorphin expression (fig. 1). To support the idea of adolescents being specifically 

vulnerable to enduring adverse effects of cannabinoids adult female rats were exposed to 

the same THC treatment paradigm and no significant alterations in depressive-like 

behaviour were observed (Parolaro and Rubino, unpublished results), supporting the 

presence of an age-dependent vulnerability of the brain. 

Adolescent cannabinoid exposure and adult cognitive function

Although few human studies have specifically addressed this issue, there is some evidence 

that exposure during adolescence may lead to lasting deficits in attention (Ehrenreich et 

al., 1999) and working memory (Schwartz et al., 1989).

Experimental data regarding long-term consequences of adolescent cannabinoid exposure 

on cognitive behaviour is scarce and not always in accordance, depending on the 

compound administered, the treatment paradigm used and the cognitive task performed. 

Adolescent exposure to increasing doses of the synthetic cannabinoid agonist CP-55,940 

for 21 days (PND 30-50) induced impaired working memory in adult female (O’Shea et al., 

2004) and male rats (O’Shea et al., 2006) checked by the object recognition test. A similar 

impairment in object recognition memory was observed in adult male rats after a 
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peripubertal chronic treatment (PND 40-65) with another synthetic cannabinoid agonist, 

WIN 55,212, which were not delivered regularly, to mimic the irregular consumption 

practice in humans (Schneider and Koch, 2003 and 2007). Notably, WIN-55,212 did not 

lead to long-lasting deficit when administered in adult rats (Schneider and Koch, 2003). 

When the natural agonist was employed, Cha et al., (2006, 2007) reported no significant 

lasting effects on spatial learning tested with the Morris water maze in adult male and 

female rats previously exposed to THC for 21 days (PND 30-50). However, the absence of 

an effect of chronic THC exposure on subsequent water maze learning does not rule out 

the possibility that it induced more subtle deficits that could be “unmasked” under certain

conditions. It is important to recognize that no behavioural technique can assess all 

aspects of learning. Therefore, THC could be expected to affect performance on some 

indices and not others. At this regard, Quinn et al. (2007) reported that adolescent THC 

exposure of male rats caused lasting memory deficits that were greater than those 

produced by the same treatment in adult rats. In fact, adolescent THC-pretreated rats 

spent a decreased percentage of time relative to controls investigating a novel object, 

suggesting working memory dysfunction (Ennaceur and Delacour, 1988). Overall 

exploration times were not affected by prior THC treatment, indicating this deficit cannot 

be attributed to any non-specific impairment or lack of exploration.

Adolescent cannabis exposure and psychosis

Worldwide evidence documents that cannabis use is a modest statistical risk factor for the 

emergence of psychosis, ranging from psychotic symptoms such as hallucinations and 

delusions to clinically significant disorders such as schizophrenia. Prospective studies 

estimate that cannabis use is associated with a twofold increase in later schizophrenia 

outcomes, and early, adolescent-onset cannabis use is associated with a higher risk 

(Arseneault et al 2004), possibly because individuals who begin to use cannabis when the 
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brain is still developing are most vulnerable to its deleterious effects (Ehrenreich et al 

1999; Pistis et al 2004; Pope et al 2003; Schneider and Koch 2003). Nonetheless, the vast 

majority of young people who use cannabis do not develop psychosis, suggesting the 

hypothesis that, if cannabis is indeed causal, some individuals may be genetically 

vulnerable to its effects. 

Studies on animal models indicated that chronic pubertal -but not adult- treatment (PND 

40-65) with the synthetic cannabinoid agonist WIN 55,212-2 leaded to long-lasting 

disruptions in sensorimotor gating, object recognition, and the performance in a 

progressive ratio task (Schneider and Koch, 2003). It was suggested that these enduring 

disturbances might be due to a persistent imbalance in various neurotransmitter systems, 

including the cannabinoid, the opioid, and the dopaminergic system, induced by chronic 

cannabinoid stimulation during pubertal development. Since prepulse inhibition (PPI) 

deficits, object recognition memory impairments, and anhedonia/avolition are among the 

symptoms of schizophrenia, the authors proposed chronic cannabinoid administration 

during pubertal development of rats as a new neurodevelopmental animal model for some 

aspects of the etiology of schizophrenia. This assumption was further supported by the 

fact that the cannabinoid-induced PPI deficit observed in that study was reversed by a 

clinically potent antipsychotic drug (Schneider and Koch, 2003). More recently, Schneider 

and Koch (2007) suggested that pubertal cannabinoid administration in vulnerable 

individuals acts as a risk factor for inducing enhanced behavioural disturbances related to 

schizophrenia. They demonstrated that neonatal lesions in the medial prefrontal cortex 

(mPFC) induced persistent impairments in recognition memory in adult rats and this 

behavioural deviation in adult rats can be intensified by pubertal chronic cannabinoid 

treatment compared to shams.
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Adolescent cannabis exposure and the gateway hypothesis

Epidemiological studies showed that the adolescent stage is a developmental period with 

increased risk of drug abuse (Fried et al., 2001; Martin et al., 2002; Patton et al., 2004; 

Trad, 1994). Marijuana is widely consumed at this phase of life (Gruber and Pope, 2002) 

and there is evidence that using the drug at this stage could facilitate later drug abuse, a 

phenomenon that has been termed as "gateway hypothesis" (Kandel et al., 2006). 

Literature regarding the cannabis gateway hypothesis based on animal models is scarce 

and not always in accordance. Ellgren et al., (2004), for example, did not support the 

gateway hypothesis as no sensitization to the effects of amphetamine on dopamine levels 

or behaviour was observed in male rats pretreated with WIN 55,212-2 during adolescence. 

Pistis et al (2004) demonstrated in male rats a long-lasting tolerance to acute 

cannabinoids as well as the development of long-lasting cross-tolerance to morphine, 

cocaine, and amphetamine in VTA dopamine (DA) neurons after administration of WIN 

55,212-2 during adolescence. They speculated that cannabinoid-induced lacking, or 

blunted, responses of DA neurons to pharmacologic stimuli might reverberate into reduced 

responses to natural rewarding and motivational stimuli that might ultimately lead to 

enhanced vulnerability in selected individuals for the use of more harmful drugs of abuse. 

In a more recent work, Ellgren et al. (2007) demonstrated that adolescent exposure to 

THC in male rats increased opiate self-administration in adulthood and that this was 

associated with discrete alterations of the endogenous opioid system in limbic-related 

neuronal populations known to mediate reward behaviour. Higuera-Matas et al., (2007) 

reported that chronic exposure to CP-55,940 during adolescence increased the 

susceptibility to acquire cocaine self-administration in female but not male rats. This 

altered susceptibility could be related to changes in female brain metabolic activity 
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induced by cannabinoids during adolescence, specifically, a hyper-activation of the frontal 

cortex and a hypo-activation of the amygdalo-entorhinal cortex.

Conclusion

The intrinsic limitation of human epidemiological studies due to the great variability in the 

cultural, social, and economic background, as well as in the education level of the 

subjects, makes difficult to establish causal links between adolescent marijuana 

consumption and development of psychiatric illnesses, altered affective outcomes and 

drug dependence in adulthood. The strategy to evaluate directly the relationship between 

prior cannabis experience and adult altered responses independent of cultural, social, and 

moral factors, is represented by the use of experimental animal models.

In this context, the literature here summarized suggests that heavy cannabis consumption 

in adolescence may induce subtle changes in the adult brain circuits ending in altered 

emotional and cognitive performance. In vulnerable individuals, pubertal cannabinoid 

administration may even act as a risk factor for inducing enhanced behavioural 

disturbances related to schizophrenia. Moreover, in a specific time window like the 

adolescence, cannabis use might ultimately lead to enhanced vulnerability in selected 

individuals for the use of more harmful drugs of abuse. 



Page 11 of 20

Acc
ep

te
d 

M
an

us
cr

ip
t

REFERENCES

Arseneault, L., Cannon, M., Poulton, R., Murray, R., Caspi, A., Moffitt, T.E., 2002. Cannabis 

use in adolescence and risk for adult psychosis: longitudinal prospective study. BMJ. 325, 

1212-1213. 

Arseneault, L., Cannon, M., Witton, J., Murray, R.M., 2004. Causal association between 

cannabis and psychosis: examination of the evidence. Br. J. Psychiatry. 184, 110-117. 

Belue, R.C., Howlett, A.C., Westlake, T.M., Hutchings, D.E., 1995. The ontogeny of 

cannabinoid receptors in the brain of postnatal and aging rats. Neurotoxicol. Teratol. 17, 

25-30.

Berrendero, F., Sepe, N., Ramos, J.A., Di Marzo, V., Fernandez-Ruiz, J.J., 1999. Analysis of 

cannabinoid receptor binding and mRNA expression and endogenous cannabinoid 

contents in the developing rat brain during late gestation and early postnatal period. 

Synapse. 33, 181-191.

Biscaia, M., Marin, S., Fernandez, B., Marco, E.M., Rubio, M., Guaza, C., Ambrosio, E., 

Viveros, M.P., 2003. Chronic treatment with CP 55,940 during the peri-adolescent period 

differentially affects the behavioural responses of male and female rats in adulthood. 

Psychopharmacology. 170, 301-308.

Carlezon W.A. Jr, Duman R.S., Nestler E.J., 2005. The many faces of CREB. Trends 

Neurosci. 28, 436-445.

Cha, Y.M., Jones, K.H., Kuhn, C.M., Wilson, W.A., Swartzwelder, H.S., 2007. Sex 

differences in the effects of delta9-tetrahydrocannabinol on spatial learning in adolescent 

and adult rats. Behav. Pharmacol. 18, 563-569.

Cha, Y.M., White, A.M., Kuhn, C.M., Wilson, W.A., Swartzwelder, H.S., 2006. Differential 

effects of delta9-THC on learning in adolescent and adult rats. Pharmacol. Biochem. 

Behav. 83, 448-455.



Page 12 of 20

Acc
ep

te
d 

M
an

us
cr

ip
t

Chen, C.Y., Anthony, J.C., 2003. Possible age-associated bias in reporting of clinical 

features of drug dependence: epidemiological evidence on adolescent-onset marijuana 

use. Addiction. 98, 71-82.

Chen, K., Kandel, D.B., Davies, M., 1997. Relationships between frequency and quantity of 

marijuana use and last year proxy dependence among adolescents and adults in the 

United States. Drug Alcohol Depend. 46, 53-67.

Dwivedi Y, Rao JS, Rizavi HS, Kotowski J, Conley RR, Roberts RC, 2003. Abnormal 

expression and functional characteristics of cyclic adenosine monophosphate response 

element binding protein in postmortem brain of suicide subjects. Arch. Gen. Psychiatry 

60: 273-282.  

Ehrenreich, H., Rinn, T., Kunert, H.J., Moeller, M.R., Poser, W., Schilling, L., Gigerenzer, 

G., Hoehe, M.R., 1999. Specific attentional dysfunction in adults following early start of 

cannabis use. Psychopharmacology (Berl). 142, 295-301. 

Ellgren, M., Hurd, Y.L., Franck, J., 2004. Amphetamine effects on dopamine levels and 

behaviour following cannabinoid exposure during adolescence. Eur. J. Pharmacol. 497, 

205-213.

Ellgren, M., Spano, S.M., Hurd, Y.L., 2007. Adolescent cannabis exposure alters opiate 

intake and opioid limbic neuronal populations in adult rats. Neuropsychopharmacology. 

32, 607-615.

Ennaceur, A., Delacour, J., 1988. A new one-trial test for neurobiological studies of 

memory in rats. 1: Behavioural data. Behav. Brain Res. 31, 47-59. 

Fergusson, D.M., Horwood, L.J., Swain-Campbell, N., 2002. Cannabis use and psychosocial 

adjustment in adolescence and young adulthood. Addiction. 97, 1123-1135.

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=10208322&ordinalpos=12&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=10208322&ordinalpos=12&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=3228475&ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum


Page 13 of 20

Acc
ep

te
d 

M
an

us
cr

ip
t

Fernandez-Ruiz, J., Gomez, M., Hernandez, M., de Miguel, R., Ramos, J.A., 2004.

Cannabinoids and gene expression during brain development. Neurotox. Res. 6, 389-

401.

Freund, T.F., Katona, I., Piomelli, D., 2003. Role of endogenous cannabinoids in synaptic 

signaling. Physiol. Rev. 83, 1017-1066.

Fried, P.A., James, D.S., Watkinson, B., 2001. Growth and pubertal milestones during 

adolescence in offspring prenatally exposed to cigarettes and marijuana. Neurotoxicol. 

Teratol. 23, 431-436.

Gruber, A.J. and Pope, H.G. Jr., (2002) Marijuana use among adolescents. Pediatr. Clin. 

North. Am. 49, 389-413.

Hayatbakhsh, M.R., Najman, J.M., Jamrozik, K., Mamun, A.A., Alati, R., Bor, W., 2007. 

Cannabis and anxiety and depression in young adults: a large prospective study. J. Am. 

Acad. Child Adolesc. Psychiatry. 46, 408-417. 

Herkenham, M., Lynn, A.B., Little, M.D., Johnson, M.R., Melvin, L.S., de Costa, B.R., Rice 

K.C., 1990. Cannabinoid receptor localization in brain. Proc. Natl. Acad. Sci. USA. 87, 

1932-1936.

Higuera-Matas, A., Luisa Soto-Montenegro, M., Del Olmo, N., Miguens, M., Torres, I., Jose 

Vaquero, J., Sánchez, J., García-Lecumberri, C., Desco, M., Ambrosio, E., 2007. 

Augmented Acquisition of Cocaine Self-Administration and Altered Brain Glucose 

Metabolism in Adult Female but not Male Rats Exposed to a Cannabinoid Agonist during 

Adolescence. Neuropsychopharmacology. Jun 6.

Johnston, L.D., O'Malley, P.M., Bachman, J.G., 2004. National Institute on Drug Abuse; 

Bethesda, MD. NIH Publications 04-5507 & 04-5508.

Kandel, D.B., Yamaguchi, K., Klein, L.C., 2006. Testing the Gateway Hypothesis. Addiction. 

101, 470-472.

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=17314727&ordinalpos=7&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum


Page 14 of 20

Acc
ep

te
d 

M
an

us
cr

ip
t

Kreitzer, A.C., Regehr, W.G., 2002. Retrograde signaling by endocannabinoids. Curr. Opin. 

Neurobiol. 12, 324 -330.

Martin, C.A., Kelly, T.H., Rayens, M.K., Brogli, B.R., Brenzel, A., Smith, W.J., Omar, H.A., 

2002. Sensation seeking, puberty, and nicotine, alcohol, and marijuana use in 

adolescence. J. Am. Acad. Child. Adolesc. Psychiatry. 41, 1495-1502.

McLaughlin, C.R., Martin, B.R., Compton, D.R., Abood, M.E., 1994. Cannabinoid receptors 

in developing rats: detection of mRNA and receptor binding. Drug Alcohol Depend. 36, 

27-31.

Morisset, V., Urban, L., 2001. Cannabinoid-induced presynaptic inhibition of glutamatergic 

EPSCs in substantia gelatinosa neurons of the rat spinal cord. J. Neurophysiol. 86, 40 -

48.

Newton S.S., Thome J., Wallace T.L., Shirayama Y., Schlesinger L., Sakai N., Chen J, Neve 

R., Nestler E.J., Duman R.S., 2002. Inhibition of cAMP response element-binding protein 

or dynorphin in the nucleus accumbens produces an antidepressant-like effect. J. 

Neurosci. 22, 10883-10890.  

Nibuya M., Nestler E.J., Duman R.S., 1996. Chronic antidepressant administration 

increases the expression of cAMP response element binding protein (CREB) in rat 

hippocampus. J. Neurosci. 16, 2365-2372.  

O'Shea, M., McGregor, I.S., Mallet, P.E., 2006. Repeated cannabinoid exposure during 

perinatal, adolescent or early adult ages produces similar long-lasting deficits in object 

recognition and reduced social interaction in rats. J. Psychopharmacol. 20, 611-621.

O'Shea, M., Singh, M.E., McGregor, I.S., Mallet, P.E., 2004. Chronic cannabinoid exposure 

produces lasting memory impairment and increased anxiety in adolescent but not adult 

rats. J. Psychopharmacol. 18, 502-508.



Page 15 of 20

Acc
ep

te
d 

M
an

us
cr

ip
t

Patton, G.C., Coffey, C., Carlin, J.B., Degenhardt, L., Lynskey, M., Hall, W., 2002. Cannabis 

use and mental health in young people: cohort study. BMJ. 325, 1195-1198.

Patton, G.C., McMorris, B.J., Toumbourou, J.W., Hemphill, S.A., Donath, S., Catalano, R.F., 

2004. Puberty and the onset of substance use and abuse. Pediatrics. 114, e300-e306.

Pistis M, Perra S, Pillolla G, Melis M, Muntoni AL, Gessa GL., 2004. Adolescent exposure to 

cannabinoids induces long-lasting changes in the response to drugs of abuse of rat 

midbrain dopamine neurons. Biol. Psychiatry 56: 86-94.

Pope, H.G. Jr., Gruber, A.J., Hudson, J.I., Cohane, G., Huestis, M.A. Yurgenul-Todd, D., 

2003. Early-onset cannabis use and cognitive deficits: what is the nature of the 

association? Drug Alcohol Depend. 69, 303-310. 

Quinn, H.R., Matsumoto, I., Callaghan, P.D., Long, L.E., Arnold, J.C., Gunasekaran, N., 

Thompson, M.R., Dawson, B., Mallet, P.E., Kashem, M.A., Matsuda-Matsumoto, H., 

Iwazaki, T., McGregor, I.S., 2007. Adolescent Rats Find Repeated Delta(9)-THC Less 

Aversive Than Adult Rats but Display Greater Residual Cognitive Deficits and Changes in 

Hippocampal Protein Expression Following Exposure. Neuropsychopharmacol. Jun 20.

Rey, J.M., Sawyer, M.G., Raphael, B., Patton, G.C., Lynskey, M., 2002. Mental health of 

teenagers who use cannabis. Results of an Australian survey. Br. J. Psychiatry. 180, 216-

221.

Rice, D., Barone, S. Jr., 2000. Critical periods of vulnerability for the developing nervous 

system: evidence from humans and animal models. Environ. Health. Perspect. 108 Suppl 

3, 511-533.

Rodriguez de Fonseca, F., Ramos, J.A., Bonnin, A., Fernandez-Ruiz, J.J., 1993. Presence of 

cannabinoid binding sites in the brain from early postnatal ages. Neuroreport. 4, 135-

138.



Page 16 of 20

Acc
ep

te
d 

M
an

us
cr

ip
t

Romero, J., Garcia-Palomero, E., Berrendero, F., Garcia-Gil, L., Hernandez, M.L., Ramos, 

J.A., Fernández-Ruiz, J.J., 1997. Atypical location of cannabinoid receptors in white 

matter areas during rat brain development. Synapse. 26, 317-323.

Rubino, T., Vigano’, D., Realini, N., Guidali, C., Braida, D., Capurro, V., Castiglioni, C., 

Cherubino, F., Romualdi, P., Candeletti, S., Sala, M., Parolaro, D., 2008. Chronic 9-

Tetrahydrocannabinol during adolescence provokes sex-dependent changes in the 

emotional profile in adult rats: behavioural and biochemical correlates. 

Neuropsychopharmacol. Jan 2.

Sairanen M., O'Leary O.F., Knuuttila J.E., Castren E., 2007. Chronic antidepressant 

treatment selectively increases expression of plasticity-related proteins in the 

hippocampus and medial prefrontal cortex of the rat. Neuroscience 144, 368-374.

SAMHSA 2004. Substance Abuse and Mental Health Service Administration. Results from 

the 2003 National Survey on Drug Use and Health: National Findings, Office of Applied 

Studies, NSDUH Series H-25. DHHS: Rockville, MD.

Schneider, M., Koch, M., 2003. Chronic pubertal, but not adult chronic cannabinoid 

treatment impairs sensorimotor gating, recognition memory, and the performance in a 

progressive ratio task in adult rats. Neuropsychopharmacol. 28, 1760-1769.

Schneider, M., Koch, M., 2007. The effect of chronic peripubertal cannabinoid treatment 

on deficient object recognition memory in rats after neonatal mPFC lesion. Eur. 

Neuropsychopharmacol. 17, 180-186.

Schwartz, R.H., Gruenewald, P.J., Klitzner, M., Fedio, P., 1989. Short-term memory 

impairment in cannabis-dependent adolescents. Am. J. Dis. Child. 143, 1214-1219. 

Seeman, P., 1999. Images in neuroscience. Brain development, X: pruning during 

development. Am. J. Psychiatry. 156, 168.

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=2801665&ordinalpos=2&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum


Page 17 of 20

Acc
ep

te
d 

M
an

us
cr

ip
t

Spear, L.P., 2000. The adolescent brain and age-related behavioural manifestations. 

Neurosci. Biobehav. Rev. 24, 417-463.  

Thome J., Sakai N., Shin K., Steffen C., Zhang Y.J., Impey S., Storm D., Duman R.S., 

2000. cAMP response element-mediated gene transcription is upregulated by chronic 

antidepressant treatment. J. Neurosci. 20, 4030-4036.  

Tiraboschi E., Tardito D., Kasahara J., Moraschi S., Pruneri P., Gennarelli M., 2004. 

Selective phosphorylation of nuclear CREB by fluoxetine is linked to activation of CaM 

kinase IV and MAP kinase cascades. Neuropsychopharmacol. 29, 1831-1840.  

Trad, P.V., 1994. Developmental vicissitudes that promote drug abuse in adolescents. Am. 

J. Drug Alcohol Abuse. 20, 459-481.

Wilson, R.I., Kunos, G., Nicoll, R.A., 2001. Presynaptic specificity of endocannabinoid 

signaling in the hippocampus. Neuron. 31, 453-462.

Wilson, R.I., Nicoll, R.A., 2001. Endogenous cannabinoids mediate retrograde signalling at 

hippocampal synapses. Nature. 410, 588-592.

Wilson, R.I., Nicoll, R.A., 2002. Endocannabinoid signaling in the brain. Science. 296, 678-

682.



Page 18 of 20

Acc
ep

te
d 

M
an

us
cr

ip
t

Table 1. Effect of adolescent exposure to cannabinoids on adult rat behaviour

drug period of

treatment

sex test effect at adult age reference

CP-55,940 PND 35-45 m, f open field

elevated plus maze

anxiolytic

anxiolytic

Biscaia et al., 2003

CP-55,940 PND 30-51 f social interaction reduced O’Shea et al., 2004

CP-55,940 PND 30-51 m social interaction reduced O’Shea et al., 2006

THC PND 35-45 m, f open field

elevated plus maze

no change

no change

Rubino et al., 2008

e   b 
m  e
o   h
t   a
i   v
o  i
n  u
a  o
l   r

THC PND 35-45 m, f forced swim test depressive-like in f

no change in m

Rubino et al., 2008

CP-55,940 PND 30-51 f novel object 
recognition

reduced O’Shea et al., 2004

CP-55,940 PND 30-51 m novel object
recognition

reduced O’Shea et al., 2006

WIN 55,212-2 PND 40-65 m novel object 
recognition

reduced Schneider and Koch, 
2003; 2007

THC PND 30-51 m Morris water maze no change Cha et al., 2006

THC PND 30-51 m, f Morris water maze no change Cha et al., 2007

 c
 o
 g
 n
 i
 t
 i
 o

 n
THC PND 32-51 m novel object 

recognition
reduced Quinn et al., 2007

 p
 s
 y
 c
 h
 o
 s
 i
 s

WIN 55,212-2 PND 40-65 m

Progressive ratio 
performance

prepulse inhibition

reduced

disrupted

Schneider and Koch, 
2003

THC PND 28-32 m Amphetamine-
induced locomotor
activity

no change Ellgren et al., 2004

WIN 55,212-2 PND 37-39 m dopamine neurons 
firing

cross-tolerance to 
morphine, cocaine 
and amphetamine

Pistis et al., 2004

THC PND 28-49 m heroin self-
administration

increased Ellgren et al., 2007

g   h
a   y
t    p
e   o
w   t
a   h
y   e
     s
     i
     s CP-55,940 PND 28-38 m, f cocaine self-

administration
increased in f

no change in m

Higuera-Matas et al., 
2007
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LEGEND

Figure 1. Effect of adolescent exposure to THC in female rats suggestive of the 

depressive-like profile. Top: behavioural data. Bottom: biochemical data. Percentage of 

CREB activation in different cerebral areas and dynorphin levels in the nucleus accumbens. 

Hippo=hippocampus; PfCtx=prefrontal cortex; NAc=nucleus accumbens
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