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Preface:
Why Another Monograph on
Marihuana?

Hasn'’t this subject been exhausted over the past 6 years by the
publication of the dozen volumes that preceded the present one? After
numerous investigations on the acute effects of marihuana smoking
in man described in hundreds of papers, what is left to know? Follow-
ing the studies of chronic users performed in Boston, Los Angeles,
Jamaica, and Greece, hasn’t the marihuana question been settled?

Shouldn’t we now consider marihuana a “soft drug” to be used for

recreational purposes, like alcohol or tobacco, with minimal danger

to the user and little damage to society? A number of scientists have
already given an affirmative answer to these questions, and ‘their .

opinions, amplified by the media, seem to be shared by a ldrge section

of the lay public. On the other hand, some investigators claim that -

old empirical observations confirmed by recent scientific evidence in-

dicate that marihuana is a harmful drug. As a result, a great mari- .~

huana debate is now raging in the scientific and lay press of the United -
States. Let us hope that it will not linger as long as the tobacco debate,.

which was settled only a decade ago.

Meanwhile, the use of marihuana, especially by adolescents has
been spreading exponentially in countries where it was nearly un-

known 20 years ago (see figure on the followmg page). It even seems

possible that some countries are prepared to give a new legal status .

to this drug, thereby eliminating the social sttgma attached to its,use:

Marihuana would no longer bé considered a Fstupefying drug;” like-
opium or coca leaf derivatives, the Single Convention Treaty oo’
Stupefying Drugs would be bypassed and marlhuana products would :

be made commercially available. -

It is against this background . that the Helska Symposxum on
Marihuana, which is recorded’ in this monogtaph was organized
under the, aegts of the Slxth International Congress of Phatmacology
This symposxum was called to ‘discuss the biochémical and-cellular
effects of, marlhuana products in the genet’al perspectlve of their loug—
term use,

Followmg the work of Agutell Paton Lembetger, and: Axclrod
invéstigators established that the. fat-soluble cannabmonds rémain.in.
tissues for days and weeks. However routme phatmacologxcal stidies -

«
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Removals of marihuana by USA federal authorities (domestic
and foreign cooperative). (In order to roughly estimate the
amounts consumed, the amounts removed are usually
multiplied by six.)

From “‘Hearings of the U.S. Senate Committee on the Judiciary
{Subcommittee on Internal Security): Marihuana-Hashish Epidemic,
Part li, The Continuing Escalation, May 8, 1875,” U.S. Government
Printing Office, Washington, D.C., 1975.

then indicated that accumulation of these foreign molecules did not
seem to affect permanently any of the vital functions over weeks and
months as “tolerance” to their use developed.

At the same time, studies by several cell biologists were published
in close succession: Zimmerman, the Leuchtenbergers, Jakubovic,
McGeer, Succiu-Foca, Armand, Nahas, and Merishima all had inde-
pendently investigated the effects of marihuana products on cellular
anabolism and cell division: A common conclusion emerged from
their studies, which employed widely different models: cannabinoids
in concentrations of 107° to 10~* M inhibit the synthesis of DNA,
RNA, and proteins in replicating eukaryote cells. Mechoulam’s A%-
THC and all natural cannabinoids tested—whether psychoactive or
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Preface

not—as well as their metabolites which accumulated in tissues, inhib-
ited cell anabolism.

These in vitro observations were confirmed iz vivo by Rosenkranz:
Rodents given marihuana by ingestion or by inhalation exhibited im-
pairment of growth, spermatogenesis, and the immunity system.

A number of investigators reported the inhibitory effect of mari-
huana in man on pulmonary macrophages, lymphocyte function, and
sperm production.

Although these results await additional confirmation, all of the
present experimental evidence tends to corroborate the early in vitro
observations which reported an impairment of cellular anabolism by
cannabinoids.

Only longitudinal epidemiological studies of marihuana-smoking
populations may document the pathologic effects of long-term can-
nabis usage. To my knowledge the literature does not contain a single
autopsy report on a long-term chronic marihuana smokes, Therefore
the human pathology of marihuana cannot be written before two or
three decades. (It took sixty years for investigators to establish the
pathology of tobacco smoking.) Meanwhile, on the basis of their
present short-term observations and past experience with other drugs,
biologists and physicians can only make certain predictions about
what this pathology might be.

The papers contained in this monograph, inasmuch as they describe
some of the interactions between the biologically active molecules
contained in marihuana and the basic components and processes of
living cells, might help the biologist and the physician assess the long-
term effects of marihuana use on reproduction, embryological devel-
opment, learning, and growth, as well as on the integrity of physio-
logical functions. ‘

Gabriel G. Nahas
Helsinki, July 1975

vii



" Participants/Contributors

S. AGURELL, Department of Pharmocology, University of Uppsala, and
Astra Likemedel, Sodertilje, Sweden

A. BARTOVA, Department of Psychiatry, Allen Memorial Institute of
Psychiatry, McGill University, Montreal, Canada

J. S. BECKNER, Department of Pharmacology, Medical College of Vir-
ginia, Richmond, Virginia

M. BINDER, Institute of Physiological Chemistry, Ruhr-University,
Bochum, Germany

M. K. BIRMINGHAM, Depactment of Biochemistry, Allen Memorial
Institute of Psychiatry, McGill University, Montreal, Quebec, Canada

R. D. BLEVINS, Department of Health Sciences, East Tennessee Uni-
versity, Johnson City, Tennessee

R. BOURDON, School of Pharmacy, Université René Descartes, Paris,
France

P BRACHET, Unité de Génétique Moléculaire, Département de Biologie
Moléculaire, Institut Pasteur, Paris, France

S. BRAM, Unité de Génétique Moléculaire, Département de Biologie
Moléculaire, Institut Pasteur, Paris, France

M. BRAUDE, National Institute on Drug Abuse, Rockville, Maryland

D. R. BRINE, Department of Chemistry and Life Sciences, Research
Triangle Institute, Research Triangle Park, North Carolina

R. CAPEK, Department of Pharmacology and Therapeutics, McGill
University, Montreal, Quebec, Canada

R. A. CARCHMAN, Department of Pharmacology, Medical College of
Virginia, Virginia Commonwealth University, Richmond, Virginia

A. CHARI-BITRON, Department of Biochemistry, Israel Institute for
Biological Research, Tel-Aviv University Medical School, Ness-Ziona,
Istael

J. CHILOW, Division of Natcotic Drugs, United Nations, Geneva,
Switzerland

T. L. CHRUSCIEL, Mental Health Office, World Health Organization,

Geneva, Switzerland

J. DALLMER, Departmenc of Pharmacology, University of Copenhagen,
Copenhagen, Denmark

K. H. DAVIS, Department of Psychiatry, University of North Carolina,
Chapel Hill, North Carolina

B. DESOIZE, Department of Anesthesiology, Columbia University, New



Participants/Contributors

York City, New York, and Unité de Toxicologie Expérimentale, Insti-

tut National de la Santé et de la Recherche Médicale, Hopital Fernand -

W idal, Paris, France \

W. L. DEWEY, Department of Pharmacology, Medical College of Vir-
ginia, Virginia Commonwealth University, Richmond, Virginia

E. DOMINO, Department of Pharmacology, Umver51ty of Michigan,
Ann Arbor, Michigan

G. ERDMAN, Max-Planck-Institut fiir Hirnforschung, Frankfurt, West
Germany

B. ESPLIN, Department of Pharmacology and Therapeutics, McGill
University, Montreal, Quebec, Canada

V. S. ESTEVEZ, Texas Research Institute of Mental Sciences, Houston,
Texas

K. A. FEHR, Department of Pharmacology, University of Toronto,
Toronto, Ontario, Canada

K. FONSEKA, Biomedical Center, Uppsala University, Uppsala, Sweden

E. FOURNIER, Unité de Toxicologie Expérimentale, Institut National
de la Santé et de la Recherche Médicale, Hopital Fernand Widal, Paris,
France

A. L. GOUGH, School of Pharmacology, University of Bradford, Brad-
ford, Great Britain

J. R.GRAHAM, Queen Elizabeth Hospital, Woodvnlle South Austraha

R. N. GROVE, Department of Pharmacology, Faculty of Medicine, Laval
University, Quebec City, Quebec, Canada

K. W. HADLEY, Research Institute of Pharmaceutical Sciences, Uni-
versity of Mississippi, Mississippi '

R. D. HARBISON, Department of Pharmacology and Biochemistry,
Vanderbilt University, Nashville, Tennessee

N. HARDY, Unité de Toxicologie Expérimentale, Institut National de
la Santé et de la Recherche Médicale, HoOpital Fernand Widal, Paris,
France ‘

L. S. HARRIS, Department of Pharmacology, Medical College of Vir-
ginia, Virginia Commonwealth University, Richmond, Virginia

J- HARTELIUS, Karolinska Institute, Stockholm, Sweden

D. J. HARVEY, Department of Pharmacology, University of Oxford,
Oxford, England .

R. G. HEATH, Department of Psychiatry and Neurology, Tulane Univer-
sity, New Orleans, Louisiana

W. HEMBREE 111, Departments of Medicine, and Obstetrics—Gynecol-
ogy, College of Physicians and Suregons, Columbia University, New
York City, New York

R. HENRICH, Department of Pediatrics, Columbia Umversxty, New
York City, New York



Participants/ Contribusors

B. HO, Department of Neurochemistry and Neuropharmacology, Texas
Research Institute for Mental Sciences, Houston, Texas

L. E. HOLLISTER, Veterans Administration Hospital, Palo Alto,
California

J. E HOWES, Department of Pharmacology, Sharps Associates, Cam-
bridge, Massachusetts

J. HSU, Department of Anesthesiology, Columbia University, New York
City, New York

J. HUOT, Department of Pharmacology, Université Laval, Quebec City,
Quebec, Canada

S. HUSAIN, Stanford Research Institute, Menlo Park, California

J.IDANPAAN-HEIKKILA, National Board of Health, Helsinki, Finland

M. ISSIDORIDES, Deparunent, of Psychiatry, University of Athens,
Athens, Greece

A. JAKUBOVIC, Department of Psychiatry, Kinsmen Laboratory of
Neurological Research, University of British Columbia, Vancouver,
B.C., Canada

K. M. JOHNSON, Department of Pharmacology, Medical College of
Virginia, Virginia Commonwealth University, Richmond, Virginia

S. JOU, Department of Pediatrics, Columbia University, New York City,
New York

W. JUST, Max-Planck Institute fiir Hirnforschung, Frankfurt, West
Germany

H. KALANT, Department of Pharmacology, University of Toronto,
Toronto, Ontario, Canada

S. KAYMAKCALAN, Tip Fakultesi, Pharmacological Institute, Ankara,
Turkey

T. A. KEPHALAS, Department of Biological Chemistry, University of
Athens, Athens, Greece ‘

J. KIBURIS, Depattment of Physiological Chemistry, University of
Athens, Athens, Greece

G. L. KIMMEL, Department of Psychiatry, University of North Carolina,
Chapel Hill, North Carolina

L. ]J. KING, Department of Biochemistry, University of Surrey, Guild-
ford, United Kingdom

G. V. KNOX, Department of Pharmacology, University of Toronto,
Toronto, Ontario, Canada

N. LANDER, Hebrew University Pharmacy School, Jerusalem, Israel
K. LEANDER, Astra Likemedel, Sodertilje, Sweden

A. E. LeBLANC, Department of Pharmacology, University of Toronto,
and Alcoholism and Drug Addiction Research Foundation, Toronto,
Ontario, Canada

xi



Participants/ Contributors

L. LEMBERGER, Department of Clinical Pharmacology, Lilly Labora-
tories for Clinical Research, and Departments of Pharmacology and
Medicine, Indiana University School of Medicine, Indianapolis, Indiana

C. LEUCHTENBERGER, Department of Cytochemistry, Swiss Institute
for Experimental Cancer Research, Lausanne, Switzerland

R. LEUCHTENBERGER, Department of Cytochemistry, Swiss Institute
for Experimental Cancer Research, Lausanne, Switzerland

S. LEVY, School of Pharmacy, Hebrew University, Jerusalem, Israel

J. E. LINDGREN, Astra Likemedel, Sodertilje, Sweden

F. MAGNAN, Department of Pharmacology, Laval University, Quebec
City, Quebec, Canada

B. MANTILLA-PLATA, Department of Pharmacology, Vanderbilt Uni-
versity, Nashville, Tennessee

V. MARKS, Department of Biochemistry, University of Sutrey, Guild-
ford, England

B. MARTIN, Department of Pharmacy, Biomedical Center, University
of Uppsala, Uppsala, Sweden

B. R. MARTIN, Department of Pharmacology, Medical College of Vir-
ginia, Virginia Commonwealth University, Richmond, Virginia

D. MARTIN, United States Senate Subcommittee on Internal Security,
Washington, D.C.

T. MAUGH, American Association for the Advancement of Science,
Washington, D.C.

N. McCALLUM, Hebrew University Pharmacy School, Jerusalem, Israel

P. L. McGEER, Department -of Psychiatry, University of British Colum-
bia, Vancouver, Canada

R. MECHOULAM, Department of Natural Products, School of Phar-
macy, Hebrew Universsity, Jerusalem, Israel

A. MELLORS, Department of Chemistry, Umversxty of Guelph, Ontario,
Canada

C. M. MICHAEL, Department of Biological Chemistry, University of
Athens, Athens, Greece

C. MIRAS, Department of Biochemistry, University of Athens, Athens,
Greece

A. MORISHIMA, Department of Pe(fiatrics, Columbia University, New
York City, New York

G. NAHAS, Department of Anesthesnology, College of Physicians and
Surgeons, Columbia University, New York City, New York, and Insti-
. tut National de la Santé et de la Recherche Médicale, Paris, France

I. M. NILSSON, Astra Likemedel, Sodertilje, Sweden

I. NIR, Bepartment of Applied Pharmacology, School of Pharmacy,
Hebrew University, Jerusalem, Israel

xii



Partscipants/ Contributors

M. NORDQVIST, Biomedical Center, University of Uppsala Uppsala,
Sweden

A. OHLSSON, Astra Likemedel, Sodertilje, Sweden
H. OKSANEN, Mantypaadentie, Helsinki, Finland
J. E.OLLEY, University of Bradford, Bradford, England

P. E OSGOOD, Department of Pharmacology, Sharps Associates, Cam-
bridge, Massachusetts

D. P. PAPADAKIS, Department of Biological Chemistry, Umversuy of
Athens, Athens, Greece

K. J. PARKS, Department of Obstetrics and Gynecology, University of
Utah Medical Center, Salt Lake City, Utah

W. D. M. PATON, Department of Pharmacology, Uhiversicy of Oxford,
Oxford, England

M. PEREZ-REYES, Department of Psychiatry, School of Medicine, Uni-
versity of North Carolina, Chapel Hill, North Carolina

S. RADUCO-THOMAS, Department of Pharmacology, Universite Laval,
Quebec City, Quebec, Canada

J. D. REGAN, Biology Division, Oak Ridge National Laboratory, Oak
Ridge, Tennessee

S. ROSELL, Department of Pharmacology, Karolinska Institute, Stock-

holm, and Department of Pharmacy, University of Uppsala, Uppsala,
Sweden

E. ROSENBERG, Unité de Toxicologie Expérimentale, Institut National

de la Santé et de la Recherche Medlcale, Hopital Fernand Widal, Paris,
France

J- ROSENFELD, Department of Pathology, McMaster University, Ham-
ilton, Ontario, Canada

H. ROSENKRANZ, Department of Biology, Clark University and the
Mason Research Institute, Worcester, Massachusetts

C. A. SALEMINK, Department of Organic Chemistry, State University
of Utrecht, Utrecht, Nethetlands

F. SANDBERG, Biomedical Center, University of Uppsala, Uppsala,
Sweden

E. SCHLEH, Department of Cytochemistry, Swiss Institute for Expen-
mental Cancer Research, Lausanne, Switzerland

J. C. SCHOOLAR, Texas Research Institute of Mental Sciences, Hous-
ton, Texas

J. SCHOU, Department of Pharmacology, University of Copenhagen,
Copenhagen, Denmark

J. SIMMONS, Department of Psychiatry, Umversxty of North Carohna,
Chapel Hill, North Carolina

C. STEFANIS, Department of Psychiatry, University of Athens, Greece

xiit



Participants/Contributors

P R. SRINIVASAN, Department of Biochemistry, College of Physicians
and Surgeons, Columbia University, New York City, New York

M. A. STENCHEVER, Department of Obstetrics and Gynecology, Uni-
versity of Utah Medical Center, Salt Lake City, Utah

M. R. STENCHEVER, Department of Obstetrics and Gynecology, Uni-
versity of Utah Medical Center, Salt Lake City, Utah .

C. STEFANIS, Department of Psychiatry, Athens University Medical
School, Athens, Greece

J. D. TEALE, Department of Biochemistry, University of Surrey, Guild-
ford, United Kingdom

M. TEN HAM, National Institute of Public Health, Utrecht, Nether-
lands.

S. THEL, Max-Planck-Institut fiir Hirnforschung, Frankfurt, West
Germany

G. TOPP, Department of Pharmacology, University of Copenhagen,
Copenhagen, Denmark

C. E. TURNER, School of Pharmacy, University of Mississippi, Oxford,
Mississippi

VAN NOORDWUK, National , Instntute of Public Health, Utrecht,
Netherlands

M. WALL, Department of Chexmstry and Life Sciences, Research Tri-
angle Institute, Research Tnangle Park, North Carolina

C. WALLER, School of Pharmacy University of Mississippi, Oxford,
Mississippi

W. WARNER, Department.of Pharmacology, Medical College of Vir-
ginia, Virginia Commonwealth University, Richmond, Virginia

G. WERNER, Max-Planck-Institut fiir Hirnforschung, Frankfurt, West
Germany '

A. C. WHITE, Department of Pharmacology, Medical College of Vir-
ginia, Virginia Commonwealth University, Richmond, Vitginia

M. WIDMAN, Biomedical Center, University of Uppsala, Uppsala,
Sweden

M. WEICHMANN, Max-Planck-Insntut fiir Hirnforschung, Frankfurt,
West Germany

J. ZBINDEN, Department of Cytochemxstry, Swiss Institute for Experi-
mental Cancer Research, Lausanne, Switzerland

P ZEIDENBERG, Department of Psychiatry, College of Physicians and
Surgeons, Columbia University, New York City, New York

A. M. ZIMMERMAN, Department of Zoology, University of Toronto,
Toronto, Canada

S. B. ZIMMERMAN, Glendon College,York University, Toronto, Canada

Xiv



Contents

Marihuana Chemistry
Detection and Identification of
Cannabinoids and of Their Metabolites

Cannabinoid Chemistry: An Overview 3

R. Mechoulam, N. McCallum, S. Levy, and N. Lander

Detection and ldentification of Compounds in Cannabis 75
C. Waller, K. Hadley, and C. Turner

Pyrolysis of Cannabinoids 37

C. Salemink

Some Aspects of Cannabis Smoke Chemistry 39

T. A. Kephalas, ]. Kiburis, C. M. Michael, C. J. Miras,
and D. P. Papadakis

Identification of Cannabinoids and Metabolites in Biological
Materials by Combined Gas-Liquid Chromatography-Mass
Spectrometry 571

M. E. Wall and D. R. Brine

Comparison of Various Solvent Extractigns for the

Chromatographic Analysis of A%- Tetrahydrocannabinol and Its

Metabolites 63

J. C.Schoolar, Beng T. Ho, and V.S. Estevez

Radioimmunoassay of Cannabis Products in Blood and
Urine 71

V.Marks, ].D. Teale,and L. ]. King

Mass Fragmentographic Assays for the Cannabinoids and
Their Metabolites 87

J. Rosenfeld

Examination of the Metabolites of A'-Tetrahydrocannabinol

in Mouse Liver, Heart, and Lung by Combined Gas
Chromatography and Mass Spectrometry 93

D. J. Harvey and W.D. M. Paton

XV



10

11

12

13

14

15

16

17

Identification and Quantification of Cannabinoids in Urine
by Gallium Chelate Formation 7117

R. Bourdon

Forensic, Metabolic, and Autoradiographic Studies of A8- and
A%-Tetrahydrocannabinol 723

W.W.Just, G. Erdmann, G. Werner, M. Wiechmann, and E. T hel

Marihuana Chemistry

Kinetics and Biotransformation

Cannabinoids: Metabolites Hydroxylated in the Penty! Side
Chain 141

S. Agurell, M. Binder, K. Fonseka, ] -E. Lindgren, K. Leander, B. Martin,
1. M. Nilsson, M. Nordquvist, A. Oblsson, and M. Widman
Identification of Hydroxylated Cannabinoids by PMR and

Mass Spectroscopy 159

M. Binder

The Pharmacokinetics of AS-Tetrahydrocannabinol and

Its Metabolites: Importance and Relationship in Developing
Methods for Detecting Cannabis in Biologic Fluids 169

L. Lemberger

Rate of Penetration of A%-Tetrahydrocannabinol and
11-Hydroxy-a®-Tetrahydrocannabinol to the Brain of Mice 179
M. Perez-Reyes, ]. Simmons, D. Brine, G. L. Kimmel, K. H. Davis,
and M. E. Wall

Changes in the Metabolism of A%-Tetrahydrocannabinol Caused
by Other Cannabis Constituents 787

G. Topp. ]. Dallmer, and J. Schou

Marihuana:
Biochemical and Cellular Effects

Effects on Isolated Cell Systems

The Influence of Marihuana on Eukaryote Cell Growth and
Development = 7195

A. M. Zimmernan and S. B. Zimmerman

xvi



18

19

20

21

22

23

24

25

26

27

28

Inhibition of Proliferation and Differentiation of Dictyostelium
Discoideum Amoebae by Tetrahydrocannabinol and
Cannabinol 207

S. Bram and P. Brachet

A%-Tetrahydrocannabinol: Effect on Macromolecular Synthesis
in Human and Other Mammalian Celis 2713

R.D. Blevins and J. D. Regan

In Vitro Inhibition of Protein and Nucleic Acid Synthesis
in Rat Testicular Tissue by Cannabinoids 223

A. Jakubovic and P.L. McGeer

Cytological and Cytochemical Effects of Whole Smoke and of
the Gas Vapor Phase from Marihuana Cigarettes on Growth
and DNA Metabolism of Cultured Mammalian Cells 243

C. Leuchtenberger, R. Leuchtenberger, J. Zbinden, and E. Schleb
Effects of A8-Tetrahydrocannabinol, AS-Tetrahydrocannabinol,
and Crude Marihuana on Human Cells in Tissue Culture 257
M. A. Stenchever, K. J. Parks, and M. R. Stenchever

Errors of Chromosome Segregation Induced by Olivetol, a
Compound with the Structure of C-ring Common to Cannabinoids:
Formation of Bridges and Multipolar Divisions 265

A. Morishima, R. Henrich, S. Jou, and G. Nahas

Effect of A‘-Tet‘rahydrocannabinol on Red Blood Cell Membranes
and on Alveolar Macrophages 273

A. Chari-Bitron

Cannabinoids: Effects on Lysosomés and Lymphocytes 283
A. Mellors

Inhibitory Effects of A®-Tetrahydrocannabinol on Nucleic Acid
Synthesis and Proteins in Cultured Lymphocytes 299

G. Nabas, B. Desoize, ]. Hsu, and A. Morishima

Cellular Alterations Induced in Vitro by Al-Tetrahydrocannabinol:
Effects on Cell Proliferation, Nucleic Acids, Plasma Cell
Membrane ATPase, and Adenylate Cyclase 3713

J. Huot

Cannabinoids and Neoplastic Growth 329
R. A. Carchman, W. Warner, A. C. White,and L. S. Harris

* Xvil



29

30

31

32

33

34

35

36

Marihuana:
Biochemical and Cellular Effects
Interactions with Neurotransmitters

A Comparison of the Subcellular Distribution of Cannabinoids
in the Brains of Tolerant and Nontolerant Dogs, Rats, and Mice
After Injecting Radiolabeled A%-Tetrahydrocannabinol 349

W.L. Dewey, B. R. Martin, ]. S. Beckner,and L. S. Harris

Sites of Neurochemical Action of A%-Tetrahydrocannabinol
Interaction with Reserpine 367

B.'T. Ho and K. M. Johnson

Effects of A9-Tetrahydrocannabinol on the Homosynaptic

Depression in the Spinal Monosynaptic Pathway: implications for
Transmitter Dynamics in the Primary Afferents 383

R. Capek and B. Esplin

Effects of Cannabinoids on Isolated Smooth Muscle
Preparations 397

S. Rosell, S. Agurell, and B. Martin

Effects of AS-Tetrahydrocannabinol and Cannabinol on Rat Bram
Acetylcholine 407

E. Domino

Cannabinoids and the Inhibition of Prostaglandin Synthesns 415
J.FE. Howes and P. F, Osgood

Effects of Cannabinol Derivatives on Blood Pressure; Bbdy Weight,

Pituitary-Adrenal Function and Mitochondrial Resplratlon
in the Rat 425

M. K. Birmingham and A. Bartova

Marihuana:
Biochemical and Cellular Ellecls
Organic and Developmental Effects

The Immune Response and Marihuana 447
H. Rosenkranz

xviii



37
38
39
40
41

42

43

Teratologic Effects of Cannabis Extracts in Rabbits:
A Preliminary Study 457

E. Fournier, E. Rosenberg, N. Hardy, and G. Nahas

Alteration of A®-Tetrahydrocannabinol-Induced Prenatal 107icity

by Phenobarbital and SKF-525A 469

B. Mantilla-Plata and R. Harbison

Pharmacogenetic Studies on Cannabis and Narcotics: Effect: of

Al-Tetrahydrocannabinol and Morphine in Developing Mice 441
S. Radouco-Thomas, F. Magnan, and C. Radouco-Thomas

Permanent Learning Impairment After Chronic Heavy Exposure
to.Cannabis or Ethanol in the Rat 495

K. A Febr, H. Kalant, A. E. LeBlanc, and G. V. Knox

Cannabis Sativa Derivatives: Effects on Brain Function
of Monkeys 507

R.G.Hearh

Marihuana’s Effects on Human Gonadal Functions 527
W. C. Hembree 111, P. Zeidenberg, and G. Nabas

Cellular Effects of Chronic Cannabis Use inMan 533
C. N. Stefanis and M. R. Issidorides

Concluding Summary 5571
W.D. M. Paton

Index 553

Xix



