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Gareth Prince   ( Applicant ) 
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The Director of Public Prosecutions   ( Fifth Respondent ) 
 
 
To the President: 
 
 
 
Affidavit 
 
I, SUE RUSCHE, do hereby state under oath as follows: 
 
1.      I am co-founder and executive director of National Families in 
Action, Inc., a drug education, prevention, and policy center based in 
Atlanta, Georgia, U.S.A.  The organization was founded in 1977.  Its 
mission is to help families and communities prevent drug abuse among 
children by promoting policies based on science.  For nearly 24 years I 
have read the scientific literature about drugs of abuse, including 
cannabis (marijuana), and written about the knowledge scientists develop 
about the effects of these drugs on the brain and body.  I have written 
numerous drug-education curricula for parents and children who live in the 
suburbs and the inner city, with grants from various federal agencies 
including the U.S. National Institute on Drug Abuse, the U.S. Department of 
Education, the U.S. Center for Substance Abuse Prevention, and the U.S. 
Department of Housing and Urban Development. 
 
2.      From 1984 through 1989 I wrote a twice-weekly syndicated newspaper 
column on alcohol and drug abuse and addiction, which King Features 
Syndicate distributed to more than 100 newspapers in the U.S.  
 



3.      I am co-author, with neuroscientist David Friedman, of False 
Messengers: How Addictive Drugs Change the Brain (Harwood Academic Books, 
Gordon and Breach Publishing Group, Amsterdam, The Netherlands, December 
1999). 
 
4.      I am co-director of the Addiction Studies Institute for Journalists 
at Wake Forest University School of Medicine.  The institute is a 
collaboration between the medical school and National Families in Action 
and is funded with a five-year grant from the U.S. National Institute on 
Drug Abuse.  Its goal is to provide journalists with information about the 
science that underlies alcohol, nicotine, and other drug addiction in order 
to improve the quality of reporting about drug addiction in the U.S. media. 
 
5.      In 1997, the journal Science  published two research papers from 
eminent scientists in the United States and other nation's whose research 
concluded that cannabis produces in the brain the same actions that other 
addictive drugs produce.  This was a landmark finding, and laid to rest the 
question of whether marijuana is an addictive drug.  Predictable reactions 
from those who want to legalize marijuana followed via letters to the 
journal.  I have included several annexes with this affidavit which contain 
the two research papers, an analysis of their meaning, and letters from 
drug-legalization proponents as well as replies from the researchers. 
 
6.      During the 1970s, the United States experienced the worst epidemic 
of drug use, drug abuse, drug addiction, and drug-related death in the 
history of any nation in the world.  In 1962, less than 2 percent of the 
population and less than 1 percent of adolescents had ever tried an illicit 
drug.  By 1979, 34 percent of adolescents, 65 percent of high school 
seniors, and 70 percent of young adults had done so.  Moreover, 1 in 9 high 
school seniors smoked marijuana daily.  It took a sustained prevention 
effort on the part of concerned parents and families to change that, and 
our organization was one of several that encouraged parents and families to 
organize and actively work to prevent young people from using alcohol, 
tobacco, and illicit drugs.  Since 1979, regular drug use among Americans 
of all ages has declined from 25 million then to 14.8 million today.  
Regular drug use dropped by two-thirds among adolescents and young adults 
between 1979 and 1992 and has risen somewhat this past decade, but nowhere 
near the levels of 1979.  Millions of American families can attest to the 
fact that, based on their own experience and that of their children, 
marijuana is a harmful, addictive drug that interferes with learning and 
may, in addition, have long-term consequences to health similar to those of 
nicotine and tobacco.  More information is available at the National 
Families in Action Internet website <http://www.nationalfamilies.org>. 
 
________________________________________________________________________
___ 

http://www.nationalfamilies.org/


_________ 
 
 
1.       Do you know and understand the contents of this declaration? 
        Answer:  Yes 
 
2.      Have you any objection to taking the prescribed oath? 
        Answer:  No 
 
3.      Do you consider the prescribed oath to be binding on your 
conscience? 
        Answer:  Yes 
 
DEPONENT'S SIGNATURE:  
 
 
 
 
________________________________ 
(Signed) SUE RUSCHE 
 
 
________________________________ 
DATE 
 
 
 
Sue Rusche 
Co-author  
False Messengers:  How Addictive Drugs Change the Brain 
Harwood Academic Books. 
Co-director 
Addiction Studies Institute for Journalists at Wake Forest University 
School of Medicine. 
Executive Director 
National Families in Action (NFIA) 
2957 Clairmont Road NE, Suite 150 
Atlanta GA 30329 
Phone (404) 248-9676 
Fax  (404) 248-1312. 
Websites: 
www.nationalfamilies.org 
www.studentsinaction.org 
www.addictionstudies.org 
www.parentingisprevention.org. 
  

http://www.nationalfamilies.org/
http://www.studentsinaction.org/
http://www.addictionstudies.org/
http://www.parentingisprevention.org/


 
 
  
Subject: Affidavit Annex 1 
 
Science.  Volume 276, Number 5321, Issue of 27 June 1997, pp.2048-2050. 
 
Cannabinoid and Heroin Activation of Mesolimbic Dopamine Transmission by a 
Common µ1 Opioid Receptor Mechanism  
Gianluigi Tanda, Francesco E. Pontieri, * Gaetano Di Chiara   
 
The effects of the active ingredient of Cannabis, 9-tetrahydrocannabinol 
(9-THC), and of the highly addictive drug heroin on in vivo dopamine 
transmission in the nucleus accumbens were compared in Sprague-Dawley rats 
by brain microdialysis. 9-THC and heroin increased extracellular dopamine 
concentrations selectively in the shell of the nucleus accumbens; these 
effects were mimicked by the synthetic cannabinoid agonist WIN55212-2. 
SR141716A, an antagonist of central cannabinoid receptors, prevented the 
effects of 9-THC but not those of heroin. Naloxone, a generic opioid 
antagonist, administered systemically, or naloxonazine, an antagonist of µ1 
opioid receptors, infused into the ventral tegmentum, prevented the action 
of cannabinoids and heroin on dopamine transmission. Thus, 9-THC and heroin 
exert similar effects on mesolimbic dopamine transmission through a common 
µ1 opioid receptor mechanism located in the ventral mesencephalic 
tegmentum.  
 
Department of Toxicology and Consiglio Nazionale delle Ricerche (CNR), 
Center for Neuropharmacology, University of Cagliari, Viale A. Diaz 182, 
09126 Cagliari, Italy.  
*   Present address: Department of Neuroscience, University "La Sapienza," 
Viale dell'Università 30, 00185 Roma, Italy.  
 
--------------------------------------------------------------------------- 
----- 
Although Cannabis is the most commonly abused illicit substance, its 
reinforcing properties are difficult to demonstrate in animals, and efforts 
to obtain consistent self-administration of the active component of 
Cannabis, 9-THC, in laboratory animals have been unsuccessful (1). 9-THC 
acts in the brain on a G protein-coupled receptor (CB1) whose putative 
endogenous ligand has been identified as anandamide, an arachidonic acid 
derivative (2, 3). The reinforcing properties of 9-THC may be mediated by 
its action on the mesolimbic dopamine (DA) system, which projects from the 
ventral tegmental area (VTA) to the nucleus accumbens (NAc) (4); this 
neuronal system is also one of the candidate substrates for the reinforcing 
and addictive actions of other drugs and substances of abuse (5). However, 
the evidence for an action of 9-THC on central DA transmission has been 
contradictory (6).  
The availability of specific cannabinoid receptor agonists (WIN55212-2, 
CP55940) (7) and antagonists (SR141716A) (8) allowed us to reexamine this 
issue. We used brain microdialysis with vertical concentric probes (9) to 
monitor changes in extracellular DA concentration in the two main 
subdivisions of the NAc, the shell and the core (10), elicited by the 
administration of the natural cannabinoid 9-THC, the synthetic cannabinoid 
agonist WIN55212-2, and cannabinol, an inactive cannabinoid (11). To reduce 
the possibility of the occurrence of nonspecific changes resulting from the 



stress of injection, we administered 9-THC and WIN55212-2 intravenously 
(iv) through chronically implanted catheters (9). The effects of 
cannabinoids were compared with those of the addictive drug heroin 
administered iv at doses that are able to maintain iv self-administration 
in rats (12).  
 
9-THC significantly increased dialysate DA in the NAc shell at doses of 
0.15 mg per kilogram of body weight (mg/kg) iv (F8,27 = 2.502, P < 0.05) 
and 0.30 mg/kg iv (F8,4 = 3.522, P < 0.002) (Fig. 1). These effects were 
dose-dependent (F1,87 = 6.092, P < 0.02; post hoc, P < 0.05) and 
time-dependent (F8,80 = 5.606, P < 0.001). No significant changes in 
dialysate DA were obtained in the NAc core after 9-THC doses of 0.15 and 
0.30 mg/kg iv (F8,45 = 0.650, P = 0.73). Post hoc comparison of the effect 
of 9-THC on dialysate DA in the NAc shell and core showed a preferential 
effect in the shell at both doses of 9-THC (Fig. 1). The increase in 
dialysate DA in the NAc shell elicited by a 9-THC dose of 0.30 mg/kg was 
prevented by pretreatment with the cannabinoid antagonist SR141716A (13) [1 
mg/kg intraperitoneally (ip), 40 min in advance]. SR141716A by itself did 
not modify dialysate DA in the NAc shell (Fig. 1). Cannabinol, a 
nonpsychoactive cannabinoid, dissolved in the same vehicle as 9-THC, failed 
to modify dialysate DA in the NAc shell at doses of 0.30 mg/kg iv (F8,18 = 
0.722; P > 0.05) or 1.0 mg/kg iv (F8,27 = 0.511, P > 0.05).   
 
 
--------------------------------------------------------------------------- 
----- 
Fig. 1. Effect of intravenous 9-THC, WIN55212-2, and heroin on dialysate DA 
in the shell (upper panels) and core (lower panels) of the NAc. (A and B) 
9-THC doses of 0.15 and 0.30 mg/kg iv; (C and D) WIN55212-2 doses of 0.15 
and 0.30 mg/kg iv; and (E and F) heroin doses of 0.018 and 0.030 mg/kg iv. 
Rats were pretreated with saline (circles) or SR141716-A (triangles) (1 
mg/kg sc) or with naloxone (diamonds) (0.1 mg/kg ip). Results are means ± 
SEM of the amount of DA in 10-min dialysate samples, expressed as percent 
of basal values. Solid symbols: P < 0.05 compared with basal values. 
Asterisks: P < 0.05 compared with the corresponding value obtained in the 
shell of saline-pretreated controls. [View Larger Version of this Image 
(22K GIF file)]  
 
--------------------------------------------------------------------------- 
----- 
 
 
 
 
The effect of 9-THC was mimicked by the centrally active cannabinoid 
agonist WIN55212-2. Thus, WIN55212-2 significantly increased dialysate DA 
in the NAc shell at doses of 0.15 mg/kg iv (F8,27 = 6.976, P < 0.001) and 
0.30 mg/kg iv (F8,27 = 9.299, P < 0.001). This effect of WIN55212-2 was 
dose-dependent (F1,70 = 6.093, P < 0.02; post hoc, P < 0.05) and 
time-dependent (F8,63 = 10.24, P < 0.001). SR141716A (1.0 mg/kg, 40 min in 
advance) prevented this effect of WIN55212-2 (main effect of group, F1,61 = 
48.208, P < 0.001; time × group interaction, F1,45 = 2.953, P < 0.01) (Fig. 
1). As in the case of 9-THC, no significant change in dialysate DA was 
obtained in the core after a WIN55212-2 dose of 0.30 mg/kg iv (F8,45 = 
0.73, P > 0.05). Post hoc comparison of the effect of WIN55212-2 on 
dialysate DA in the NAc shell and in the core showed a preferential effect 



in the shell at both doses of WIN55212-2 (Fig. 1).  
 
Heroin increased dialysate DA in the NAc shell at doses of 0.018 mg/kg iv 
(F8,27 = 7.141, P < 0.001) and 0.030 mg/kg iv (F8,27 = 8.9999, P < 0.001) 
in a dose-related (F1,70 = 12.991, P < 0.001; post hoc, P < 0.05) and 
time-related fashion (F8,63 = 16.008, P < 0.001) (Fig. 1). As in the case 
of 9-THC and WIN55212-2, heroin was ineffective in modifying DA in the NAc 
core at doses of 0.018 mg/kg iv (F8,18 = 2.405, P < 0.06) and 0.03 mg/kg iv 
(F8,27 = 0.983, P = 0.47). Post hoc comparison of the effect of heroin on 
dialysate DA in the NAc shell and core showed a preferential effect in the 
shell at both doses of the drug (Fig. 1). 
 
SR141716A antagonized the effects of 9-THC and of WIN5521-2 but failed to 
modify the effect of heroin (F1,79 = 0.719, P = 0.45). On the other hand, a 
low dose of the opiate antagonist naloxone [0.1 mg/kg subcutaneously (sc), 
15 min in advance] prevented the effect of heroin (main effect of group, 
F1,61 = 62.94, P < 0.001; group × time interaction, F8,45 = 4.386, P < 
0.0001) (Fig. 1). 
 
The same dose of naloxone given 15 min in advance also reduced the effect 
of 9-THC (0.30 mg/kg iv) on dialysate DA in the NAc shell (main effect of 
group, F1,61 = 62.940, P < 0.001; post hoc, P < 0.05) as well as that of 
WIN55212-2 (main effect of group, F1,61 = 50.107, P < 0.001; post hoc, P < 
0.05). Naloxone (0.1 mg/kg sc) by itself failed to modify dialysate DA in 
the NAc shell.  
 
Naloxonazine, a pseudo-irreversible µ1 antagonist (14), bilaterally infused 
at the dose of 3 µg per side in the VTA (15) 20 to 24 hours before the 
microdialysis experiment, prevented the effect of 9-THC (0.015 mg/kg iv) 
and of heroin (0.030 mg/kg iv) on dialysate DA in the NAc shell (vehicle in 
VTA plus 9-THC iv versus naloxonazine in VTA plus 9-THC iv: main effect of 
group, F1,61 = 67.72, P < 0.001; post hoc, P < 0.05; time × group 
interaction, F8,45 = 3.293, P < 0.005; vehicle in VTA plus heroin iv versus 
naloxonazine in VTA plus heroin iv: main effect of group, F1,61 = 68.138, P 
< 0.001; time × group interaction, F8,45 = 7.540, P < 0.001) (Fig. 2). The 
effect of naloxonazine was specific because intra-VTA naloxonazine failed 
to modify the increase of dialysate DA in the NAc by the DA receptor 
antagonist haloperidol (0.025 mg/kg iv) (F1,58 = 0.231, P = 0.635).  
 
 
--------------------------------------------------------------------------- 
----- 
   
Fig. 2. (A) Effect of naloxonazine (squares) or vehicle (circles), 
bilaterally infused in the VTA, on dialysate DA in the NAc stimulated by 
9-THC and by heroin. Results are means ± SEM of the amount of DA found in 
10-min dialysate samples expressed as percent of basal values uncorrected 
for probe recovery. Solid symbols: P < 0.05 compared with basal values. 
Asterisks: P < 0.05 compared with the corresponding value of 
saline-pretreated controls. (B) Forebrain sections, redrawn from (9), 
represent the track corresponding to the dialyzing portion of the probes. 
Although dialysis probes aimed to the NAc shell were implanted on the side 
of the brain contralateral to that of the NAc core, they are shown here on 
the same side to save space. The midbrain section, redrawn from (15), 
represents the location of the tip of the cannulae used for infusing 
naloxonazine. On each section, the anterior coordinate (measured from 



bregma) is indicated. Abbreviations: CPu, caudate putamen; LM, medial 
lemniscus; PAG, periaqueductal gray matter; and SN, substantia nigra. [View 
Larger Versions of these Images (23 + 38K GIF file)]  
 
--------------------------------------------------------------------------- 
----- 
 
 
 
 
Our data show that 9-THC and its synthetic analog WIN55212-2 increase 
extracellular DA selectively in the NAc shell but not in the NAc core. This 
effect was attributable to an action on specific cannabinoid receptors 
because it was prevented by the CB1 antagonist SR141716A. This marked 
topographical selectivity of 9-THC on DA transmission within the NAc may 
account for the inconsistencies in the effect of 9-THC on DA transmission 
reported in the literature (6).  
 
9-THC and heroin can now be added to the list of drugs of abuse (morphine, 
cocaine, amphetamine, and nicotine) that increase DA transmission 
preferentially in the NAc shell relative to the core (16). Given the 
extensive connections of the NAc shell with limbic brain areas involved in 
emotion (10), the activation of DA transmission in the NAc shell may be 
involved in the affective and motivational properties of 9-THC. 
 
Although SR141716-A prevented the action of the cannabinoids but not that 
of heroin, the opioid antagonists naloxone and naloxonazine prevented the 
effects of both (17). Therefore, stimulation of specific cannabinoid 
receptors may activate DA transmission in the NAc by activating an 
endogenous opioid system impinging on µ1 opioid receptors of the VTA (18). 
These homologies between 9-THC and heroin may be relevant to the issue, 
raised by epidemiological studies, of the relation between the degree and 
frequency of Cannabis use and the probability of subsequent heroin 
self-administration (19). Although our results do not provide direct 
evidence for a causal relation between Cannabis and heroin use, they are 
nonetheless consistent with this possibility.  
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Subject: Affidavit Annex 2 
 
Science.  Volume 276, Number 5321, Issue of 27 June 1997, pp.2050-2054. 
 
Activation of Corticotropin-Releasing Factor in the Limbic System During 
Cannabinoid Withdrawal  
Fernando Rodríguez de Fonseca, * M. Rocío A. Carrera, Miguel Navarro, * 
George F. Koob, Friedbert Weiss  
 
Corticotropin-releasing factor (CRF) has been implicated in the mediation 
of the stress-like and negative affective consequences of withdrawal from 
drugs of abuse, such as alcohol, cocaine, and opiates. This study sought to 
determine whether brain CRF systems also have a role in cannabinoid 
dependence. Rats were treated daily for 2 weeks with the potent synthetic 
cannabinoid HU-210. Withdrawal, induced by the cannabinoid antagonist SR 
141716A, was accompanied by a marked elevation in extracellular CRF 
concentration and a distinct pattern of Fos activation in the central 
nucleus of the amygdala. Maximal increases in CRF corresponded to the time 
when behavioral signs resulting from cannabinoid withdrawal were at a 
maximum. These data suggest that long-term cannabinoid administration 
alters CRF function in the limbic system of the brain, in a manner similar 
to that observed with other drugs of abuse, and also induces neuroadaptive 
processes that may result in future vulnerability to drug dependence.  
 
F. Rodríguez de Fonseca and M. Navarro, Instituto Complutense de 
Drogodependencias, Departamento de Psicobiología, Facultad de Psicología, 
Universidad Complutense de Madrid, 28223 Madrid, Spain.  
M. R. A. Carrera, G. F. Koob, F. Weiss, Department of Neuropharmacology, 
Scripps Research Institute, La Jolla, CA 92037, USA.  
*   To whom correspondence should be addressed.  
 
 
 
 



--------------------------------------------------------------------------- 
----- 
Cannabis continues to be a major drug of abuse, and as many as 9% of 
Cannabis users may meet criteria for substance dependence (1). Short-term 
exposure to Cannabis derivatives (hashish, marijuana) produces subjective 
emotional responses ranging from mild relaxation to panic reactions (1, 2); 
long-term use of Cannabis may result in mental lethargy and anhedonia (3). 
A clear-cut abstinence syndrome is rarely reported, presumably because of 
the long half-life of cannabinoids, which precludes the emergence of abrupt 
abstinence symptoms (1), although nervousness, tension, restlessness, sleep 
disturbances, and anxiety have been described in humans, monkeys, and rats 
after termination of long-term cannabinoid administration (4). A distinct 
abstinence syndrome can, however, be elicited in animals treated with 
cannabinoids over a long period (5) by administering a competitive 
cannabinoid antagonist (6). This antagonist-precipitated withdrawal may 
unmask the development of underlying neuroadaptive processes that 
contribute to the development of cannabinoid dependence. The 
neurobiological substrates of cannabinoid-induced emotional responses 
remain to be elucidated, although they are likely to be mediated by 
activation of CB1 cannabinoid receptors, which are present in the limbic 
system and brain nuclei that have been implicated in stress responses (7). 
Psychotropic cannabinoids are potent activators of the 
hypothalamic-pituitary-adrenal (HPA) axis (8), and this property may 
contribute to the unpleasant side effects described by users of Cannabis.  
A common element of withdrawal from drugs of abuse is a negative affective 
state that is characterized in humans by dysphoria and anxiety and in 
animals by a reward deficit and enhanced behavioral reactivity to stressors 
(9). We report here that cannabinoid withdrawal, induced by administration 
of a cannabinoid CB1 antagonist, results not only in enhanced behavioral 
responses to stressors but also in increased release of CRF and induction 
of c-fos in the central nucleus of the amygdala. Our data reveal an 
unambiguous neurochemical response in the limbic system, attributable to 
long-term cannabinoid exposure, similar to that produced by other major 
drugs of abuse (9, 10). This finding supports the hypothesis that 
cannabinoids can set in motion neuroadaptive processes in the brain that 
contribute to the development of substance dependence.  
 
Among the various brain neurochemical and neuroendocrine systems that 
participate in the mediation of motivational aspects of drug dependence, 
CRF may hold a prominent position (11). Recent evidence suggests that 
hypothalamic and extrahypothalamic CRF systems have a role in mediating 
cannabinoid-induced anxiety (12). Short-term treatment with the CB1 
cannabinoid receptor agonist ()-8-tetrahydrocannabinol dimethyl heptyl 
(HU-210) activates the HPA axis in rats (12). In addition to activation of 
the pituitary-adrenal axis by hypothalamic CRF neurons (13), brain CRF 
systems, particularly in the central nucleus of the amygdala, appear to 
mediate behavioral responses to stressors. CRF neurons and receptors in the 
central nucleus of the amygdala participate in the arousal-enhancing 
properties of psychostimulants as well as in behavioral sensitization (14) 
and play a key role in anxiety reactions observed during ethanol withdrawal 
(10, 11). A CRF antagonist, -helical CRF(9-41), can also attenuate the 
anxiogenic behavioral effects of HU-210. Moreover, studies with 
intracranial microdialysis indicate that immobilization stress as well as 
ethanol and cocaine withdrawal result in elevated extracellular 
concentrations of CRF in the central nucleus of the amygdala (10).  
 



We exploited the availability of a CB1 cannabinoid receptor antagonist, SR 
141716A, to evaluate the role of the central amygdaloid CRF system in the 
effects of short-term and long-term cannabinoid exposure as well as in 
cannabinoid withdrawal (15). We used intracranial microdialysis (16, 17) to 
examine changes in extracellular CRF in the rat central nucleus of the 
amygdala in response to a single administration of either HU-210 or SR 
141716A (Fig. 1D). Release of CRF was also monitored in rats after 
long-term (2 weeks) exposure to HU-210 and during a behavioral withdrawal 
syndrome induced by injection of SR 141716A after long-term exposure to 
HU-210. We studied the temporal profile of the abstinence syndrome as well 
as anxiety-like responses in different experimental groups with 
observational measures (18) and a defensive withdrawal test (19) previously 
characterized for use with cannabinoids (12). In addition, we examined 
activation of the HPA stress response by measuring plasma corticosterone 
concentrations (20). Finally, we examined the anatomical distribution of 
cannabinoid-responsive brain areas by analyzing the appearance of Fos 
immunoreactivity (21), which has been an effective tool for mapping neural 
activity after stress (22, 23), CRF administration (24), and drug 
withdrawal (25).   
 
 
--------------------------------------------------------------------------- 
----- 
Fig. 1. (A) Effects of a single injection of HU-210 (100 µg/kg) on CRF 
release from the central nucleus of the amygdala. Statistical analysis 
(one-way analysis of variance for repeated measures) revealed that HU-210 
lowered CRF release [F11,66 = 1.99, P < 0.05 (*), N = 7]. Vehicle 
injections did not alter CRF efflux (F11,55 = 0.45, P = 0.93, N = 6). 
Administration of SR 141716A did not modify CRF release (31). (B) Effects 
of SR 141716A (3 mg/kg) on CRF release from the central amygdaloid nucleus 
in animals pretreated for 14 days with HU-210 (100 µg/kg). Cannabinoid 
withdrawal induced by SR 141716A was associated with increased CRF release 
[F11,77 = 3.54, P < 0.005 (*), N = 8]. Vehicle injections did not alter CRF 
efflux (F11,66 = 0.69, not significant, N = 7). Data in (A) and (B) were 
standardized by transforming dialysate CRF concentrations into percentages 
of baseline values based on averages of the first four fractions. (C) Mean 
± SEM of summed cannabinoid withdrawal scores 0, 10, 30, and 60 min after 
injection of SR 141716A in rats treated for 14 days with HU-210 or its 
vehicle. The cannabinoid antagonist induced a mild behavioral syndrome in 
drug-naïve rats receiving long-term pretreatment with vehicle (SR 141716A) 
and a clear withdrawal syndrome in animals pretreated with HU-210 
(long-term HU-210 + SR 141716A) [F2,18 = 33.49, P < 0.0001 (**)]. Rats 
pretreated with cannabinoid (long-term HU-210) that received vehicle on the 
test day did not exhibit withdrawal signs. Drug-naïve control animals that 
received vehicle injections were indistinguishable from the long-term 
HU-210 treatment group, and cannabinoid-naïve rats did not exhibit 
observable changes in behavior after a single injection of HU-210 (31). (D) 
Anatomical location of the active region of microdialysis probes (outer 
diameter, 0.5 mm) in animals subjected to SR 141716A-induced cannabinoid 
withdrawal. [View Larger Version of this Image (37K GIF file)]  
 
--------------------------------------------------------------------------- 
----- 
 
 
 



 
A single injection of HU-210 decreased the amount of CRF released from the 
central nucleus of the amygdala (Fig. 1A). The inhibitory effects of HU-210 
on CRF release were still apparent 24 hours after completion of the 
long-term cannabinoid treatment regimen (26). In contrast, induction of 
withdrawal by SR 141716A after long-term exposure to HU-210 had the 
opposite effect and increased CRF efflux (Fig. 1B). The increase in 
extracellular CRF concentration paralleled the progression of behavioral 
withdrawal symptoms over time (Fig. 1C). The behavioral changes after 
administration of the cannabinoid antagonist in animals receiving long-term 
treatment with HU-210 were also reflected in anxiety-like responses in the 
defensive withdrawal test (27) and activation of the HPA axis as revealed 
by increased plasma corticosterone concentrations (Table 1). In addition, 
the changes in extracellular CRF concentration were accompanied by the 
appearance of increased Fos immunoreactivity in the central nucleus of the 
amygdala (Table 2 and Fig. 2).  
 
Table 1. Defensive withdrawal test results (seconds spent in the chamber; 
mean ± SEM) and plasma corticosterone concentrations (mean ± SEM) in rats 
after a single dose of HU-210 or SR 141716A and after long-term (14 days) 
exposure to HU-210 alone or followed by a single dose of SR 141716A.  
 
--------------------------------------------------------------------------- 
----- 
  Single dose 
--------------------------------------------------------------------------- 
----- 
 Long term  
--------------------------------------------------------------------------- 
----- 
 
Vehicle HU-210 SR 141716A HU-210 HU-210 + SR 141716A   
 
--------------------------------------------------------------------------- 
----- 
 
Defensive withdrawal   
Time (s) 460  ±  41 693  ±  82* 751 ± 97* 518  ±  50 780  ±  75*   
N 11 9 8 9 9   
Plasma corticosterone   
Concentration (ng/ml) 175  ±  29 345  ±  40* 185 ± 34 249  ±  39 325  ±  
45*   
N 9 10 9 11 9  
 
--------------------------------------------------------------------------- 
----- 
 
* P < 0.05 versus vehicle.   
 
 
 
Table 2. Distribution of Fos-immunopositive cells after a single dose of 
HU-210 or SR 141716A and after long-term (14 days) exposure to HU-210 alone 
or followed by a single dose of SR 141716A. Each group contained three or 
four animals. Number of immunopositive cells is indicated as follows: 0 (), 
1 to 10 (+), 11 to 20 (++), 21 to 30 (+++), 31 to 50 (++++), >50 (+++++).  



 
--------------------------------------------------------------------------- 
----- 
  Single dose 
--------------------------------------------------------------------------- 
----- 
 Long term  
--------------------------------------------------------------------------- 
----- 
 
Vehicle (N = 4) HU-201 (N = 3) SR 141716A (N = 4) HU-210 (N = 3) HU-210 + 
SR 141716A (N = 4)   
 
--------------------------------------------------------------------------- 
----- 
 
Cortex   
Piriform cortex         +++++   
Hippocampus   + +   +++   
Basal ganglia   
Caudate-putamen         +++   
Ventral pallidum         +++   
Accumbens core + ++         
Extended amygdala   
Accumbens shell + ++++ ++ + ++++   
Central amygdala + ++++ + + ++++   
BNST (medial anterior)   +     +++   
BNST (lateral ventral)   ++     ++   
BNST (lateral dorsal)   ++++         
Thalamus   
Paraventricular anterior +++ ++++ +++ ++ ++++   
Hypothalamus   
Supraoptic   ++   + ++   
Suprachiasmatic   + +   ++   
Paraventricular   ++++ ++   ++   
Brainstem   
Substantia nigra +   +   ++   
VTA + +++ + + ++++   
Locus coeruleus   +     +++   
Central gray + + ++   ++   
Solitary tract + ++++ +   +++++   
Area postrema   + +   +++  
 
 
 
 
--------------------------------------------------------------------------- 
----- 
Fig. 2. Brain sections showing Fos immunoreactivity in cell nuclei of the 
central amygdaloid nucleus of rats after a single injection of vehicle (A), 
HU-210 (B), or SR 141716A (C) and during SR 141716A-induced withdrawal in 
rats receiving long-term HU-210 pretreatment (D). Fos immunoreactivity in 
rats undergoing long-term HU-210 treatment that received vehicle was 
indistinguishable from saline controls in (A) (31). Fos-immunopositive cell 
count (mean ± SEM) was as follows: 1.7 ± 1.7 [vehicle (N = 4)], 36.7 ± 6.7 
[HU-210 (N = 3)], 8.0 ± 4.6 [SR 141716A (N = 4)], and 32.5 ± 4.4 [SR 



141716A after long-term HU-210 (N = 4)]. Scale bar, 50 µm. [View Larger 
Version of this Image (144K GIF file)]  
 
--------------------------------------------------------------------------- 
----- 
 
 
 
 
The distribution of Fos immunoreactivity indicated that induction of 
withdrawal by SR 141716A activated not only the central nucleus of the 
amygdala but also other stress-responsive brain sites that receive 
projections from this nucleus, such as the shell of the nucleus accumbens, 
the bed nucleus of the stria terminalis (BNST), the paraventricular nucleus 
of the hypothalamus (PVN), and brainstem structures involved in autonomic 
responses to stress, including the nucleus of the solitary tract (NTS). 
Cannabinoid withdrawal was associated with activation of stress-related 
mid- and hindbrain nuclei, including the ventral tegmental area, locus 
coeruleus, central gray, NTS, and, especially, the area postrema (Table 2), 
brain regions that are also activated during opiate withdrawal (25) and are 
recognized as critical for conveying stress information to the PVN, which 
ultimately triggers the HPA response (28). 
 
Cannabinoid withdrawal was also associated with increased Fos 
immunoreactivity in extrapyramidal motor regions that are rich in CB1 
receptors (7), such as the caudate-putamen, ventral pallidum, and 
substantia nigra. This profile of neural activation is consistent with the 
dominant behavioral symptoms of cannabinoid withdrawal in rats (compulsive 
grooming and scratching, forepaw treading, and rubbing of the face), and it 
points toward involvement of the basal ganglia in the motor component of 
cannabinoid withdrawal. The greatest Fos immunoreactivity was found in the 
piriform cortex, a cortical area involved in limbic kindled seizures (29), 
which were observed in 2 of 10 animals.  
 
Blockade of CB1 receptors with SR 141716A in cannabinoid-naïve rats did not 
alter release of CRF in the amygdala and produced a different pattern of 
neuronal activation than in animals undergoing long-term HU-210 treatment. 
The antagonist increased Fos immunoreactivity mainly in the PVN, accumbens 
shell, and central gray matter, and it induced anxiety-like responses in 
both the defensive withdrawal test (Table 1) and the elevated plus-maze 
tests (30). However, SR 141716A did not increase plasma corticosterone 
concentrations in drug-naïve animals (Table 1). In conjunction with earlier 
findings that SR 141716A can increase arousal and disrupt the sleep-waking 
cycle in rats (6), this observation suggests that endogenous "cannabinoid 
tone" may have a role in normal behavioral function without affecting HPA 
activity.  
 
Together, our results provide in vivo neurochemical, endocrinological, and 
immunocytochemical evidence that long-term exposure to cannabinoids leads 
to neuroadaptive changes that result in enhanced release of CRF in the 
central amygdala as well as activation of stress-responsive nuclei during 
cannabinoid withdrawal. These changes are consistent with the irritability 
and discomfort that have been described to occur after cessation of 
long-term consumption of marijuana (4). Moreover, the neurobiological 
consequences of cannabinoid withdrawal, in particular the alteration in 
amygdaloid CRF function (9, 10), are similar to those observed during 



withdrawal from ethanol, cocaine, and opiates as well as during exposure to 
environmental stressors. Thus, activation of the amygdaloid CRF system may 
have a motivational role of mediating the stress-like symptoms and negative 
affect that accompany withdrawal and, therefore, may be a common element in 
development of dependence on drugs of abuse. The demonstration that 
long-term exposure to a cannabinoid agonist evokes neuroadaptive processes 
in the limbic system that resemble those associated with other major drugs 
of abuse may provide a neurobiological basis for the gateway hypothesis. 
Cannabinoid abuse, by activating CRF mechanisms, may lead to a subtle 
disruption of hedonic systems in the brain that are then "primed" for 
further disruption by other drugs of abuse (9).  
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DRUG ADDICTION: 
Marijuana: Harder Than Thought? 
Ingrid Wickelgren 
 
Contrary to the popular view that marijuana is a relatively benign drug, 
new evidence suggests its effects in the brain resemble those of "hard" 
drugs such as heroin 
 
 
For decades, policy-makers have debated whether to legalize marijuana. 
Compared to drugs such as heroin and cocaine, many people--scientists and 
teenagers alike--consider marijuana a relatively benign substance. Indeed, 
there was little evidence to indicate that it is addictive the way those 
drugs are. But now, two studies in this issue demonstrate disturbing 
similarities between marijuana's effects on the brain and those produced by 
highly addictive drugs such as cocaine, heroin, alcohol, and nicotine. 
 
In one study, which appears on page 2050, a team of researchers from the 



Scripps Research Institute in La Jolla, California, and Complutense 
University of Madrid in Spain trace the symptoms of emotional stress caused 
by marijuana withdrawal to the same brain chemical, a peptide called 
corticotropin-releasing factor (CRF), that has already been linked to 
anxiety and stress during opiate, alcohol, and cocaine withdrawal. And on 
page 2048, Gaetano Di Chiara of the University of Cagliari in Italy and his 
colleagues report that the active ingredient in marijuana--a cannabinoid 
known as THC--results in the same key biochemical event that seems to 
reinforce dependence on other drugs, from nicotine to heroin: a release of 
dopamine in part of the brain's "reward" pathway. 
 
Together, the two sets of experiments suggest that marijuana manipulates 
the brain's stress and reward systems in the same way as more potent drugs, 
to keep users coming back for more. "These two studies supply important 
evidence that marijuana acts on the same neural substrates and has the same 
effects as drugs already known to be highly addictive," says David 
Friedman, a neurobiologist at Bowman Gray School of Medicine in 
Winston-Salem, North Carolina. They also, he adds, "send a powerful message 
that should raise everyone's awareness about the dangers of marijuana use." 
 
But the results may have a more hopeful message as well, because they may 
guide scientists in devising better strategies for treating marijuana 
dependence, for which some 100,000 people in the United States alone seek 
treatment each year. For instance, chemicals that block the effects of CRF 
or even relaxation exercises might ameliorate the miserable moods 
experienced by people in THC withdrawal. In addition, opiate antagonists 
like naloxone may, by dampening dopamine release, block the reinforcing 
properties of marijuana in people. 
 
Scripps neuropharmacologists Friedbert Weiss and George Koob first began 
thinking that stress systems might be involved in drug dependence in the 
early 1990s, after noticing that withdrawal from many drugs produces an 
anxious, negative disposition that resembles an emotional response to 
stress. They reasoned that drug withdrawal might recruit the same brain 
structures and chemicals that are involved in the stress response. Because 
Koob's team had associated emotional stress with the release of CRF in a 
brain structure called the amygdala, they thought that drug withdrawal 
might also trigger CRF release. 
 
Beginning in 1992, the Scripps researchers amassed evidence showing that 
this is indeed the case. First, Koob and his colleagues found that 
injecting chemicals that block CRF's effects into the amygdalas of 
alcohol-dependent rats reduces the anxiety-related symptoms, such as a 
reluctance to explore novel settings, that develop when the animals are 
taken off alcohol. Then in 1995, Weiss, Koob, and their colleagues showed 
that CRF levels quadruple in the amygdalas of rats during the peak of 
alcohol withdrawal. 
 
After similar experiments demonstrated that elevated CRF underlies 
emotional withdrawal from opiates and cocaine, Weiss, Koob, and M. Rocío 
Carrera of Scripps, along with two visiting Spanish scientists, Fernando 
Rodríguez de Fonseca and Miguel Navarro, set out to investigate whether CRF 
might mediate the stressful malaise that some long-term marijuana users 
experience after quitting. 
 
The researchers injected a synthetic cannabinoid into more than 50 rats 



once a day for 2 weeks to mimic the effects of heavy, long-term marijuana 
use in humans. Normally, marijuana withdrawal symptoms develop too 
gradually to be recognized easily in rats, because the body eliminates THC 
very slowly. But the researchers were able to produce a dramatic withdrawal 
syndrome lasting 80 minutes by injecting the rats with a newly developed 
drug that counteracts THC. The drug does this by binding to the receptor 
through which cannabinoids exert their effects. 
 
The group found that the cannabinoid antagonist greatly increased the rats' 
anxiety, as measured in a standard behavioral test, and exaggerated such 
signs of stress as compulsive grooming and teeth chattering during 
withdrawal. What's more, when the scientists measured CRF levels in the 
rats' amygdalas, they found that rats in withdrawal had two to three times 
more CRF than controls not given the antagonist, and that the increase 
paralleled the apparent anxiety and stress levels of the rats. 
 
The results, experts say, provide the first neurochemical basis for a 
marijuana withdrawal syndrome, and one with a strong emotional component 
that is shared by other abused drugs. "The work suggests that the CRF 
system may be a part of a common experience in withdrawal--that is, 
anxiety," says Alan Leshner, director of the National Institute on Drug 
Abuse. A desire to avoid this and other negative emotions, Weiss suggests, 
may prompt a vicious cycle leading to dependence. 
 
But withdrawal is just one component of addiction. Addictive drugs also 
have immediate rewarding, or reinforcing, effects that keep people and 
animals coming back for more. The drugs produce these effects, scientists 
believe, by hijacking the brain's so-called reward system. A key event in 
the reward pathway is the release of dopamine by a small cluster of neurons 
in a brain region called the nucleus accumbens. Researchers think the 
dopamine release normally serves to reinforce behaviors that lead to 
biologically important rewards, such as food or sex. Addictive drugs are 
thought to lead to compulsive behavior because they unleash a dopamine 
surge of their own. 
 
But no one had been able to show convincingly that marijuana could induce 
that telltale dopamine rush, until Di Chiara and his colleagues put THC to 
the test. When the Cagliari team infused the cannabinoid into a small group 
of rats and measured dopamine levels in the nucleus accumbens, they found 
that the levels jumped as much as twofold over those in the accumbens of 
control rats infused with an inactive cannabinoid. The magnitude of the 
surge was similar to what the researchers saw when they gave heroin to 
another set of rats. 
 
Further work confirmed that cannabinoids, rather than other factors such as 
the stress of being handled by the experimenters, were responsible for the 
dopamine release. For example, the researchers observed no dopamine 
increase in animals who were given a receptor blocker before the THC. 
 
Then Di Chiara and his colleagues found an additional parallel between THC 
and heroin. They showed that naloxone, a drug that blocks brain receptors 
for heroin and other opiates, prevents THC from raising dopamine levels, 
just as it does with heroin. This indicates that both marijuana and heroin 
boost dopamine by activating opiate receptors. Marijuana, however, 
presumably does so indirectly, by causing the release of an endogenous 
opiate: a heroinlike compound made in the brain. "Marijuana may provide one 



way of activating the endogenous opiate system," explains Di Chiara. 
 
Di Chiara speculates that this overlap in the effects of THC and opiates on 
the reward pathway may provide a biological basis for the controversial 
"gateway hypothesis," in which smoking marijuana is thought to cause some 
people to abuse harder drugs. Marijuana, Di Chiara suggests, may prime the 
brain to seek substances like heroin that act in a similar way. Koob and 
Weiss add that the stress and anxiety brought on by marijuana withdrawal 
might also nudge a user toward harder drugs. 
 
More work will be needed to confirm these ideas, as well as to find out 
exactly how marijuana influences the stress and reward systems. For 
instance, nobody knows how THC interacts with neurons in the amygdala to 
alter the release of CRF. Nor do scientists understand the molecular steps 
by which THC triggers the dopamine release in the nucleus accumbens. 
 
But despite these uncertainties, both papers should help revise the popular 
perception of pot as a relatively--although not completely--safe substance 
to something substantially more sinister. "I would be satisfied if, 
following all this evidence, people would no longer consider THC a 'soft' 
drug," says Di Chiara. "I'm not saying it's as dangerous as heroin, but I'm 
hoping people will approach marijuana far more cautiously than they have 
before." 
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The public and professional response to the reports on marijuana by G. 
Tanda et al. (27 June, p. 2048) and F. R. de Fonseca et al. (27 June, p. 
2050) illustrates a habit that is discouragingly familiar where this drug 
is concerned: drawing unwarranted conclusions about human behavior and 
social policy from technical neurophysiological experiments of uncertain 
significance. It is especially diappointing that Science itself has 
published a commentary (I. Wickelgren, Research News, 27 June, p. 1967) 
whose tone suggests that we may now have new reasons to bring the law down 
on marijuana users.  
 
Tanda et al. found that tetrahydrocannabinol (THC) affects the dopamine 
reward system in the nucleus accumbens of rats. Because anything 



pleasurable activates this reward system, they have not demonstrated a 
specific affinity between marijuana and heroin, as the commentary on their 
report implies. De Fonseca et al. found that by injecting rats with a 
cannabinoid antagonist, they could produce a withdrawal syndrome associated 
with high levels of corticotropin-releasing factor in the amygdala. As they 
themselves point out, in ordinary use THC leaves the human body so slowly 
that withdrawal reactions are muted or nonexistent. 
 
Experts who rate the dependence liability of drugs used nonmedically have 
long placed marijuana at or near the bottom of the list. As a drug of 
"addiction," it resembles caffeine more than nicotine, alcohol, or heroin, 
except that the withdrawal reaction is less severe. Because of the present 
political and legal situation, extreme skepticism should be recommended 
when we are told that 100,000 people each year seek treatment for marijuana 
dependence. We are not told how many of these people are under coercion by 
employers or the courts, and we do not know how many are alcohol, heroin, 
or cocaine addicts whose incidental marijuana use is bureaucratically 
recorded as dependence. 
 
It is particularly unfortunate that these technical results are being used 
to revive the discredited idea that marijuana may be a "gateway" drug that 
somehow makes its users want to take cocaine or heroin. No real-world 
evidence of this alleged property has been produced. If anything that 
affects the dopamine reward system is a gateway to heroin and cocaine, we 
would have to include sex and chocolate (not to mention alcohol) in that 
category as well. 
 
 
Lester Grinspoon  
James B. Bakalar  
Department of Psychiatry,  
Massachusetts Mental Health Center, and  
Harvard Medical School  
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Boston, MA 02115, USA  
 
Lynn Zimmer  
John P. Morgan  
City University of New York,  
138th Street and Convent Avenue,  
New York, NY 10031, USA  
 
--------------------------------------------------------------------------- 
----- 
 
It is heartening to see Science giving prominence to the burgeoning field 
of cannabinoid research with the reports by de Fonseca et al. and Tanda et 
al. and the commentary by Wickelgren. However, I fear that the need for 
dispassionate and scientifically objective debate on cannabis-related 
issues has not been well served by the commentary or by the speculative 
conclusions drawn in the reports. 
 
One paramount fact that needs to be recognized is that rats simply do not 
like cannabis. There is ample evidence that cannabinoids provoke anxiety in 
rats, produce conditioned place aversions, and fail to support 
self-administration (1). So the science involved in giving cannabinoids to 



rats, measuring neurochemical changes, and then extrapolating to issues of 
addiction in humans is likely to be flawed. Humans might get addicted to 
cannabis but rats, to the best of our knowledge, do not.  
 
The THC-mediated increase in dopamine efflux in the nucleus accumbens (NAS) 
reported by Tanda et al. and the abolition of this effect by naloxone has 
been proposed by cannabinoid researchers before (2). What is not known is 
what the effect signifies. Increases in dopamine efflux in the NAS cannot 
simply be seen as equivalent to drug reward, because aversive stimuli, such 
as foot shock, and anxiogenic drugs, such as FG 7142 and beta-CCE (which 
are not self-administered), have exactly the same neurochemical effect (3). 
Thus, increased dopamine efflux in the NAS might equally well reflect 
drug-induced anxiety as reward.  
 
Let us take all due care in cannabinoid science. There is undoubtedly both 
good and evil lurking in the drug, and the issues involved are of great 
political and medical significance. Our primary duty as scientists working 
in this field is to exercise care in interpreting our data so that the 
continuing debate on cannabis in our communities can be well formed.  
 
 
Iain S. McGregor  
Department of Psychology,  
University of Sydney,  
New South Wales, 2006 Australia  
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Response: Both letters raise serious doubts about the relevance of our 
findings to the issue of the addictive liability of marijuana and its 
alleged property to act as a gateway to heavier drugs (heroin and cocaine). 
Their main argument is that the property of releasing dopamine in the 
nucleus accumbens (NAC) cannot be taken as evidence for the addictive 
liability of marijuana because other rewards (chocolate, sex) and even 
aversive stimuli do the same. In relation to this, McGregor quotes a report 
(1) that anxiogenic drugs increase dopamine in the NAC. In a later study by 
our laboratory (2), we consistently failed to observe activation of 
dopamine in the NAC by three different anxiogenic drugs within a range of 
doses devoid of nonspecific, convulsant effects. Similar considerations 
apply to the mechanism of the effect of electrical foot shock.  



 
In the above study (2), a direct comparison was made of the ability of 
anxiogenic drugs and of three drugs of abuse (morphine, ethanol, and 
nicotine) to activate in vivo dopamine transmission in two different target 
areas of the dopamine system, the prefrontal cortex and the NAC. Although 
anxiogenic drugs increased dopamine only in the prefrontal cortex, drugs of 
abuse did not do so at doses that were fully effective in releasing 
dopamine in the NAC. Therefore, drugs of abuse and aversive (anxiogenic or 
stressful) stimuli have different patterns of activation of the 
mesocortical and of the mesolimbic dopamine system; it is specifically the 
property of activating the mesolimbic dopamine neurons projecting to the 
NAC shell that correlates with the abuse liability of drugs.  
 
However, as pointed out by both letter writers, drugs of abuse resemble 
rewards (food, sex) in their ability to activate in vivo dopamine 
transmission in the NAC. Fonzies, a snack food with a corn and cheese taste 
popular among European adolescents, releases dopamine in the NAC "shell" 
much like most addictive drugs (3), with one basic difference: even a 
single exposure to Fonzies results in a long-lasting habituation of 
dopamine-releasing action in NAC dopamine (3), but this is not the case for 
drugs of abuse.  
 
The basis for these differences becomes apparent if one considers that 
food, just like any other natural reward, depends for its action on 
dopamine neurons from the activation of a long neural chain that starts 
peripherally from sensory receptors and goes all the way up to the 
forebrain; drugs, instead, enter the brain and make a direct or very 
proximate "rendezvous" with dopamine neurons. In the case of natural 
stimuli, their travel toward dopamine neurons is adaptively modulated to 
such an extent by previous experience that stimulation of dopamine in the 
NAC by natural rewards is an exceptional event rather than a matter of 
everyday life. Once a reward, even an appealing one, becomes known by the 
subject, it becomes less effective in activating dopamine in the NAC. 
Therefore, only relatively novel rewards that are of high value for the 
survival of the self and the species are capable of activating dopamine 
transmission in the NAC. Drugs, by nonadaptively releasing dopamine, make 
normal the exceptional, usual the unusual. This, more than anything else, 
gives the measure of the abnormality of the action of drugs compared with 
that of natural rewards. We believe (but this is speculation) that it is 
the nonhabituating property of drugs to release dopamine in the NAC that, 
by strengthening stimuli and responses related to the drug, leads to 
craving and compulsive drug use. 
 
A secondary argument made by McGregor is that marijuana is even less 
addictive than coffee. According to this argument, the lack of addictive 
properties of marijuana would provide the best proof of the irrelevance of 
the dopamine-releasing properties for the addictive properties of drugs of 
abuse. Suffice it to say that 9.2% of individuals who have ever used 
marijuana meet criteria of dependence (4), and that this prevalence goes to 
20 to 30% if one considers the subjects who have used marijuana at least a 
few times (5). 
 
 
Gaetano Di Chiaro  
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Consiglio Nazionale delle Ricerche,  



Center for Neuropharmacology,  
University of Cagliare,  
Viale A. Diaz 182,  
09126 Cagliare, Italy  
 
REFERENCES 
L. D. McCullough and J. D. Salamone, Psychopharmacology 109, 379 (1992) .  
V. Bassareo et al., ibid. 124, 293 (1996) .  
___ and G. Di Chiara, J. Neurosci. 17, 851 (1997) .  
J. C. Anthony, L. A. Warner, R. C. Kessler, Exp. Clin. Psychopharmacol. 2, 
244 (1994).  
W. Hall et al., "The health and psychological consequences of cannabis use" 
(Monograph Series No. 25, Australian Government Publishing Service, 
Canberra, 1994).  
 
--------------------------------------------------------------------------- 
----- 
 
Response: The interpretation of our results as suggesting that chronic 
cannabinoid-induced neuroadaptive processes may enhance vulnerability to 
future drug abuse has attracted commentaries expressing concern about the 
relevance of our data for human marijuana addiction. 
 
Our data document that neuroadaptation within brain stress systems--notably 
the corticotropin-releasing factor system in the central amygdala and other 
limbic sites--has taken place after long-term cannabinoid administration. 
If unmasked by administration of a cannabinoid antagonist, the 
neuroadaptation can be observed at the cellular, neurochemical, 
neuroendocrine, and behavioral level. The effects are qualitatively the 
same as those we have observed during withdrawal from cocaine, ethanol, and 
opiate use; whether they are quantitatively the same remains to be 
explored. Nonetheless, these data raise the specter that the same changes 
are occurring with long-term high-dose cannabinoid receptor activation.  
 
By no means does the lack of cannabinoid self-administration in rats 
invalidate these data. Many behavioral and pharmacological properties of a 
drug contribute to abuse liability, none of which is predictive by itself. 
Moreover, as was the case with ethanol and nicotine, valid animal models of 
self-administration often take a long time to develop. Neither does the 
argument that rats "do not like cannabis" hold up to close scrutiny. While 
anxiogenic and aversive effects are indeed common after high doses, low 
doses of psychoactive cannabinoids not only activate brain reward 
mechanisms, but can produce conditioned place preference and induce 
anxiolysis in rats (1). In fact, two of the common neurobiological elements 
associated with addiction--activation of the brain reward system upon 
short-term administration and activation of brain stress systems during 
withdrawal from long-term administration--have been demonstrated with 
cannabinoids. In particular, the convergence of the effects of stress and 
drugs of abuse (2) is highly informative for the understanding of factors 
that maintain drug addiction or lead to relapse. Enhanced behavioral and 
neuroendocrine reactivity to stress is not only a reliable index of 
vulnerability to psychostimulant self-administration in laboratory animals 
(3), but approximately 75% of relapse in human drug abuse takes place in 
situations of stress, conflict, and social pressure (4). It must be of 
concern, therefore, that in vulnerable individuals continuous high-dose use 
of THC can engage stress systems and thereby augment susceptibility to 



future drug abuse. 
 
Statistics show that 9% of THC users become substance dependent using 
DSM-IIIR criteria (5), and a recent study revealed the same incidence (9%) 
of presentation of a withdrawal syndrome in a large sample of users (6). 
That study confirms that despite the slow elimination of THC, a distinct 
behavioral cannabinoid withdrawal syndrome can be observed in humans. In 
the history of drug abuse research, significant motivational signs of 
withdrawal have often been overlooked because of a preoccupation with 
physical withdrawal symptoms that may be largely irrelevant (7). When 
vulnerable populations are explored, cannabis dependence becomes more 
apparent. In a recent structured assessment of 229 substance-dependent 
adolescent patients who had serious conduct problems, more than 70% met 
criteria for cannabis dependence. More than two-thirds of the 
cannabis-dependent individuals complained of withdrawal, and one-fourth of 
the cannabis-dependent persons reported using cannabis to relieve 
withdrawal symptoms (8). 
 
Because of the substantial political, social, and public health 
implications, we could not agree more with admonishments to "let us take 
all due care in cannabinoid science." However, this goes for those on 
either side of the issue. Inflammatory rhetoric invoking visions of law 
enforcement "crackdowns" on marijuana users as a result of this research 
does not serve the need for dispassionate and scientifically objective 
debate about cannabis. The conclusions drawn by us follow from the data and 
stand independent of the issue of marijuana's legal status. There is an 
urgent need to advance the scientific understanding of both the "good and 
evil" that may be lurking in this drug. In this endeavor, clinical, 
epidemiological, and neurobiological studies all have their rightful place. 
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