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Foreword

The human race prides itself as the only animal through evolution to be-
come a rational being and therefore able to make decisions and take action
based on logic and analysis of available data, rather than simply by instinct,
other genetic factors, and experience, accumulated mostly through condi-
tioning, as found in other animals. But is this human pride justified? My in-
volvement within the limited field of cannabis therapeutics certainly shows
that humans still value instincts and antiquated ideas, some based on a total
lack of rationality much more than on reasoned facts. In June 2005 the U.S.
Supreme Court declared medical use of cannabis illegal on the federal level,
although some states have allowed its use in certain medical conditions.
Was there scientific and medical logic behind this decision?

Cannabis sativais a part of the medical-cultural heritage of many lands.
It is mentioned in Assyrian clay tablets as a drug for treating neurological
conditions, and it was used for a variety of medical problems in China and
India when Northern Europe was still governed by barbarian tribes. Even as
late as the end of the nineteenth century cannabis was described by Queen
Victoria’s physician as “by far the most useful of drugs. . . in some painful
conditions,” but during most of the twentieth century it was regarded as a
nuisance—an illegal drug which did not quite fit the official view of a dan-
gerous narcotic. Yet during the past forty years, science has accumulated a
vastly increasing bulk of knowledge of this drug. Its chemistry was clarified
during the 1960s, and its psychoactive principle,� 9-tetrahydrocannabinol
(� 9-THC), was identified. In spite of its mild psychotropic effects, in the
United States in 1985 THC was approved as a prescription drug against
vomiting and nausea caused by cancer chemotherapy, and in 1992 as an ap-
petite enhancer, most often used by AIDS patients.

Over the past twenty years, the mechanism of action of THC was shown
to be quite unique. This plant molecule activates two receptors, CB1 (found
predominantly in the central nervous system) and CB2 (found mostly in the
immune system). These receptors are part of the endocannabinoid system,
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which is involved in myriad physiological processes. It is activated by spe-
cific ligands called endocannabinoids, the best known being anandamide
and 2-arachidonoyl glycerol, both derivatives of a fatty acid, arachidonic
acid. Although completely different in chemical structure from the endo-
cannabinoids, THC binds to the same receptors and elicits the same physio-
logical responses. The endocannabinoids and THC enhance appetite, re-
duce pain, and affect many of the symptoms of diseases, in particular those
associated with the central nervous and the immune systems, as well as im-
pacting a long list of additional body processes. But THC is not the only
cannabis constituent with physiological activity. Cannabidiol (CBD), a
nonpsychotropic cannabinoid, has been found to be anxiolytic, antiepi-
leptic, and antischizophrenic in animals and humans. We know very little
about the activity of the dozens of additional but mostly minor canna-
binoids that are present in the plant. Many sufferers of various diseases
claim that the effect of using the total plant is better than the effect of THC
alone. In part, this may be due to the different modes of administration—
marijuana is, of course, usually smoked, while THC is administered mostly
orally. However, I believe that the combination of CBD with THC may rep-
resent a better drug than THC alone. As these are the main plant canna-
binoids, a cannabis plant with a standardized content of CBD and THC may
represent a valuable therapeutic drug. Unfortunately, the present irrational
bias against the plant may block the introduction of this type of medicine in
many countries.

The use of neurotransmitters and neuromodulators as medicinal agents is
certainly not new. Many modern drugs are based on them. There is every
reason to expect that cannabinoid-based drugs will eventually also be intro-
duced. So why block a valuable medicine? The only reason I can think of is
lack of reason in the face of compelling scientific evidence.

This book is a compilation of many articles published originally in the
now defunct and difficult-to-obtainJournal of Cannabis Therapeutics. The
chapters deal with the history of the medical use of cannabis, the pharma-
cology and pharmacokinetics of THC and other cannabinoids, the endo-
cannabinoid system, and with the various medicinal uses (including the side
effects) of the drug. It is, in my view, an excellent overall presentation of the
expanding topic of cannabis therapeutics.

Raphael Mechoulam, PhD
Medical Faculty

Hebrew University
Jerusalem
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Introduction
Franjo Grotenhermen

This book is a compilation of selected articles from theJournal of Can-
nabis Therapeutics: Studies in Endogenous, Herbal, and Synthetic Canna-
binoids,which was edited by Ethan Russo and published by The Haworth
Press, Inc., as the official journal of the International Association for Can-
nabis As Medicine (IACM) (http://www.cannabis-med.org/ ) from 2001 to
2004.

Just a few years ago, only small clinical studies and case reports on can-
nabis or individual cannabinoids were available to support their therapeutic
potential for most indications. By 2000, only the antiemetic properties of
cannabis and THC in cancer patients undergoing chemotherapy and their
appetite-enhancing effects in AIDS wasting had been documented by clini-
cal studies with more than fifty subjects. This situation has changed consid-
erably in recent years and will progress further in view of a wide range of
ongoing research on medicinal cannabis, much of it initiated by the British
company GW Pharmaceuticals, the Center for Medicinal Cannabis Re-
search (CMCR) at the University of California, the Institute for Clinical
Research in Berlin, and several other groups. TheJournal of Cannabis
Therapeuticsaccompanied and supported this initiation of new clinical ap-
plications of cannabinoids since its first issue was published in early 2001.

In 2003 the Ministry of Health, Welfare and Sports of the Netherlands
made cannabis available in their pharmacies. In 2005, Sativex, a cannabis
extract produced by GW Pharmaceuticals, was approved in Canada for the
treatment of neuropathic pain in multiple sclerosis—the first formal regula-
tory acceptance of cannabis for medicinal use since its disappearance from
the pharmacopoeias of Western countries in the early-midtwentieth century.
In view of the enormous therapeutic potential of cannabinoids, it can be ex-
pected that more official regulation by other countries will follow. How-
ever, it is difficult to predict where the journey will lead. Besides natural
extracts, synthetic agonists to the cannabinoid receptors and inhibitors of
endocannabinoid degradation are additional foci of interest and may exert
similar effects. For researchers, the patients and our desire to give them
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access to a valuable and effective treatment represent the goals of our work—
a treatment they were often denied for nonmedical reasons. Throughout the
world, patients and their personal experiences put medicinal cannabis on
the agenda, and it was the intention of theJournal of Cannabis Therapeu-
tics to strengthen this force. Anyone who may benefit from using cannabis
medicinally should be able to employ it without fear and, if possible, under
the guidance of a physician. This is a clear and simple demand, and we hope
and expect that civilized countries will heed it.

Including all articles published in the journal during the more than three
years of its existence would have been beyond the scope of a single book.
Thus, we selected contributions that present a broad overview, allow a good
approach to the subject, and are of lasting relevance. Although the emphasis
is on selections that deal with the medical use of the cannabis plant, we have
also chosen articles on the pharmacology of cannabinoids and the endoge-
nous cannabinoid system, historical reports, and side effect issues.

I would like to thank Dr. Lester Grinspoon of Harvard University who
originally proposed the idea of publishing a journal on cannabis therapeu-
tics; the late Dr. Varro Tyler, editor of The Haworth Herbal Press; Bill Co-
hen, president and publisher of The Haworth Press, Inc.; and Ethan Russo,
who allowed the journal to become reality.
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Chapter 1

The Therapeutic Use
of Cannabis sativa(L.)

in Arabic Medicine
Indalecio Lozano

INTRODUCTION

The modern medical and pharmacological literature which deals with
the therapeutic properties of hemp (Cannabis sativaL., Cannabaceae)
tends to ignore the valuable contributions of Arabic scientists on the sub-
ject. The tradition of the plant’s medicinal use was adopted by these scien-
tists from the cultures of the ancient world, having been used for more than
a thousand years as a textile and medicine in Arabia, Mesopotamia, Persia,
Egypt, China, India and extensive areas of Europe (Levey 1979; Escoho-
tado 1989-1990). The role played by the medical, pharmacological and bo-
tanical literature of the Greeks in this regard is well-known, dominating
medical circles in Asia Minor, Syria, Egypt and their neighbouring regions
up until the arrival of Islam in the seventh century. TheMateria medicaof
Dioscorides (AD first century), translated into Arabic by Istif� n b. B� s�l in
the days of the caliph al-Mutawakkil (d. AD 861), and theDe Simplicium
Medicamentorum Temperamentis ac Facultatibus Liber VIIof Galen (d.
AD 199) similarly translated by Hunayn b. Ish� q (d. AD 873), were by far
the most important sources for Arabic physicians, and were a decisive stim-
ulus in the development of their knowledge of the plant.

To date, there are only a few works that deal with the history of the therapeu-
tic use of hemp in Arabic medicine (Hamarneh 1972; Levey 1979; Lozano
Camara 1990), and even these only tangentially. The current renewed interest
in research into the curative potential of the plant justifies a review of the sub-
ject in light of new Arabic documental sources.
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MATERIALS AND METHODS

Medical, pharmacological and botanical literature written in Arabic has
been systematically and exhaustively consulted, as far as possible, from the
eighth to the eighteenth century. Over the same period, lexicographical, agri-
cultural, literary, legal, historical and geographical sources that were likely to
contain data onCannabis sativa(L.) were also examined. The great major-
ity were published texts, though some manuscripts were also examined. Of
all the texts reviewed, more than fifty contain information on the plant, al-
though due to limited space not all of them are mentioned in the references
of this chapter.

In the Results section, we have focused our attention on the discoverer or
pioneer of each therapeutic use, and only the most significant contributions
of later authors have been cited. Thus, not all the sources that mention these
uses have been included.

This chapter arises out of a background of historical philological studies
on Arabic-Islamic medicine, and thus it neither can nor seeks to tackle any
debate on the pharmacological mechanisms involved in the therapeutic uses
documented here.

RESULTS

Temperament of the Plant, Parts Used
and Modes of Preparation and Administration

Arab scientists explained the curative properties of hemp according to
the principles of the humoral theory they learned from the Greeks. As is
well-known, this theory assumes that each of the simples possesses a
characteristic, “temperament,” determined by its degrees of “heat, cold,
wetness and dryness.” Similarly, they largely accepted the opinion of
Galen (1821-1833, VI pp. 549 f. and XII, p. 8), who talks of the desiccat-
ing and warming power of hemp. However, there is no lack of presti-
gious authorities who had quite the opposite opinion, stating that canna-
bis is naturally cold (al-Tabar� 1928, p. 376), or even composed of hot
and cold parts (al-Ant� ki, n.d., I, p. 219; al-Q� s� n� 1979-80, I, p. 56 f.).
There is even greater controversy over the definition of the degree
of heat and dryness possessed by the plant, with Arab physicians citing
properties from the first to the third degree. This is not surprising, if one
takes into account that they could find no reference to help them in the
works by Galen and Dioscorides, and that the concept of temperament
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and its degrees do not permit empiric proof in the sense understood by
current scientific methods.

The part of the plant that was most used in therapeutic treatments was the
seeds, and to a lesser extent the leaves. Methods of preparation differed ac-
cording to the ailment to be treated, using the oil obtained from the seeds
and the juice from the leaves and green seeds.

It was administered externally in the form of ointment in the nose, or
orally, or in drops into the ears. Only very rarely is the actual dose which
should be used in each treatment mentioned. It seems that it was commonly
used as a simple medicament.

Treatment of Ear Diseases

The first mention of the curative power of hemp in Arabic literature
was by Ibn M� sawayh (al-R� z� 1968, XXI i, p. 124) (d. AD 857), who re-
fers to the oil obtained from hemp seeds and applied in drops into the ear
as having the virtue of drying out the “moisture”(rutuba) generated by
this organ, a curative property which later physicians attribute to the juice
of these seeds. In the period in which Ibn M� sawayh lived, the works of
Galen and Dioscorides were translated. From them, Arabic physicians
learned the use of the juice of green hemp seeds in the treatment of ear-
ache caused by an obstruction in the ear (Galen 1821-1833, VI pp. 549 ff.;
Dioscorides 1957, p. 304). Continuing this tradition, in the tenth century
Ish� q b. Sulaym� n (1986, II, p. 133) stated that hemp seed oil relieved ear-
ache caused by the “cold”(bard) and the moisture in the organ, and also
talked, for the first time, of its power to unblock any obstructions there.
In the thirteenth century, the botanist from Malaga, Ibn al-Bayt� r (1291
A.H., II, pp. 115 f.) prescribed hemp seed oil to cure “gases”(rih) in the
ear. In the fourteenth century, Ibn al-Jat�b (1972, p. 69) from Granada rec-
ommended the use of this oil mixed with gum resin ofFerula galbaniflua
to relieve “hot pain”(al-wa� a‘ al-harr) associated with tinnitus aurium.
In the sixteenth century, al-Ant� ki talks of how the leaves of “Anatolian
hemp,” as he calls it(al-qinnab al-rumi) (Lozano Cámara 1996, pp. 152
ff.), kill the “worms” which develop in the ear, and adds that they have un-
blocking properties; if you fill the ear with them, all the foreign material
which is lodged there will be expelled.

Vernucide and Vermifuge

In the ninth century al-Dimašq� (Ibn al-Bayt� r 1291 A.H., IV, p. 39)
was the first author to mention the vermicidal and vermifugal proper-
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ties of the plant, noting that it has the power of killing the “worms”(al-
didan) that grow in the body. Between the eleventh and twelfth centu-
ries, the anonymous author of the ‘Umdat al-tabib (1990, Il, nº 2149)
asserted that anyone who has tapeworms should eat hemp seeds, as
their shells fill up with the parasites and are then expelled with them in
the feces. Between the fourteenth and fifteenth centuries, al-Fir� z� b� d�
(1952, I, p. 203) stated that if the seeds of the plant were ingested or ap-
plied in the form of ointment over the stomach, this would kill ascaris
(habb al-qar‘).

Treatment of Skin Diseases

Ibn M� sawayh (al-R� z� 1968, XXI i, p. 124) is the first author who refers
to the use of hemp in the treatment of pityriasis(ibriya) and lichen(hazaz),
and suggests that the affected part of the body should be washed with the
juice from the leaves. In the eleventh century, Avicenna (1294 A.H., I, p.
434) recommended oil from the seeds for the same purpose. Al-F�r� z� b� d�
(1952, I, p. 203) asserted that hemp seeds can be used to treat vitiligo(al-
bahaq)and leprosy(al-baras).

With regard to the treatment of skin diseases, and halfway between der-
matology and cosmetics, al-R� z� (al-B�r� n� 1973, I, p. 33) (d. AD 925) was
the first to prescribe the use of hemp leaves as a substitute forMelia azeda-
rach (L.) (Meliaceae) to stimulate hair growth. According to Ibn� azla
(Lozano Cámara 1989-1990, pp. 171 f.) (d. AD 1100), the leaves should be
macerated in water and then applied to the roots of the hair.

Purging Qualities

The first reference to the purging properties of hemp was made by
al-Dimašq� (Ibn al-Bayt� r 1291 A.H., IV, p. 39), who stated that the
juice from hemp seeds, administered through the nose, purges the
brain. In the ninth century this use was also cited by T� bit b. Qurra
(1928, pp. 21, 97), who included hemp among the simples that can
purge the upper part of the liver and eliminate any obstruction pro-
duced in this organ. He prescribes that the hemp seeds should be taken
with honey mixed with vinegar.

Diuretic Properties

The pioneer of the diuretic power of hemp seeds was Ish� q b. ‘Imr� n (Ibn
al-Bayt� r 1291 A.H., IV, p. 39) (d. 907 A.D.). In the opinion of Ish� q b.
Sulaym� n (1986, II, p. 133), this property is due to their warming power.
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Antiepileptic Properties

Between the tenth and eleventh centuries, al-Ma�� s� (1877, II, p. 116)
talked for the first time of the use of hemp in the treatment of epilepsy and
prescribed that the patient should be given the juice of the leaves through
the nose. In the fifteenth century, al-Badr� (Lozano Cámara 1989-1990,
p. 174 f.) provided a spurious tale in which hemp leaves were presented as a
remedy that gave an immediate cure to epilepsy.

Carminative Properties

The carminative properties of hemp seeds, already known by Galen,
were mentioned for the first time by Ish� q b. Sulaym� n. Al-Ma�� s�
(1877, II, p. 116) wrote that the leaves have the same property and added
that they could be used to treat gases generated in the uterus, intestines,
and stomach.

Treatment of Abscesses and Tumours

Between the eleventh and twelfth centuries Ibn Bukl� riš (n.d., nº 679)
prescribes the juice from hemp leaves to cure abscesses(jura� at) occurring
in the head. One century later, Ibn al-Bayt� r stated that if an “oily wax”
made with hemp seed oil was applied to hardened tumours(al-awram al-
� asiya),the tumours would dissolve.

Liquification and Purging of Humors

Ish� q b. Sulaym� n first mentioned that hemp seeds increase the liquidity
of the corporal humors. Al-Ma�� s� (1877, II p. 116) attributed the same
property to the leaves of the plant and said that they could be used to purge
phlegmatic excretions from the stomach. Ibn Habal (1362 A.H. II, p. 185)
(d. AD 1213) indicated that hemp seeds were good for evacuating bile and
phlegm.

Treatment of the Hardening and Contraction of the Uterus

Ibn al-Bayt� r (1291 A.H., II, p. 116) prescribed hemp seed oil for treat-
ing the hardening and contraction of the uterus.
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Painkilling Properties

The use of hemp as a painkiller was not limited to the treatment of ear-
ache. Ibn al-Bayt� r (1291 A.H., II, p. 116) recommended hemp seed oil for
soothing neurological pains(wa� a‘ al-‘asab). Around the same time, al-
Qazw�n� (1849, p. 293) (d. AD 1283) noted that the juice could be used to
soothe ophthalmia.

Antipyretic Properties

Al-F�r� z� b� d� (1952, I, p. 203) claimed that hemp seeds were an effec-
tive remedy in curing febris quartana(hummà l-rib‘).

Antiparasitic Properties

Al-Ant � k� stated that the boiled leaves from “Anatolian hemp” killed lice
and nits if used to wash the part of the body where these parasites were
present.

Antiemetic Properties

The same al-Ant� k� attributes antiemetic properties to the seeds from
Anatolian hemp.

CONCLUSION

Arab scientists were several centuries ahead of our current knowledge of
the curative power ofCannabis sativa(L.). They knew of and used its di-
uretic, antiemetic, antiepileptic, antiinflammatory, and painkilling virtues,
among others. For this reason, it seems reasonable to suggest that the data to
be found in Arabic literature could be considered as a possible basis for fu-
ture research on the therapeutic potential of cannabis and hemp seeds. This
would seem to be particularly necessary if we take into account that cur-
rently the traditional use of the plant among Arab-Islamic peoples of the
world has almost completely disappeared due to the legal restrictions which
prohibit its cultivation and use.
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UPDATE

Ethan B. Russo

This chapter remains the best short source on this subject available in the
English language. The authorities cited in this publication made lasting
contributions that heavily affected the Indian branch of Unani medicine,
further outlined in a new book chapter (Russo 2005).

This document highlights the extent to which the medical lessons of the
past continue to have a great deal to teach us in twenty-first-century West-
ern medicine. Such recognition may do much to reduce the clash of cul-
tures.
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Chapter 2

Cognoscenti of Cannabis I:
Jacques-Joseph Moreau (1804-1884)

Ethan B. Russo

Jacques-Joseph Moreau (de Tours) was one of the earliest pioneers of
modern psychopharmacology (see Figure 2.1). Born in 1804 in Montrésor,
France, Moreau pursued medical studies in Tours and Paris, subsequently
studying psychiatry under the tutelage of Jean-Étienne Dominique Esquirol,
whose eclectic approach to healing the mind included the prescription of
therapeutic travel. As part of his duties, Moreau accompanied patients to
the Orient, where he was able to observe the effects of—and partake himself
of—hashish, the resinous by-product of cannabis (Holmstedt 1973).

Upon his return to France, Moreau investigated the therapeutic possibili-
ties of this substance. He likely is the character known as ‘‘Dr. X’’who pro-
vided hashish in the form of an electuary calleddawameskto such literary
illuminati as Théophile Gautier, Charles Baudelaire, Alexandre Dumas and
Honoré de Balzac of Le Club des Hachichins at the Hôtel Pimodan in Paris.

Moreau was among the first to apply herbal pharmacology systemati-
cally to the treatment of mental illness, using the dissociative hallucinogen
Datura stramoniumL. Solonaceae (Moreau 1841). Moreau espoused a the-
ory that such compounds mirrored effects of insanity, and from them, physi-
cians might gain insight into psychopathological conditions and even their
amelioration. He then applied this concept to cannabis. His 1845 book,Du
Hachisch et de l’Alientation Mentale: Études Psychologiques(Moreau 1845)
is a classic in the field. Unfortunately, it is a document that few have actu-
ally viewed themselves. It had a limited press run and was never reprinted
until a 1980 facsimile edition was issued by Ressources of Paris and
Geneva. On the infrequent occasions that original copies appear on the rare
book market, prices in the thousands of dollars are obtained.
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The book was not translated into English until 1973, asHashish and
Mental Illness(Moreau 1973), but this volume, too, is out of print. In an
early passage, Moreau observes (p. 211):

One of the effects of hashish that struck me most forcefully and which
generally gets the most attention is that manic excitement always ac-
companied by a feeling of gaiety and joy inconceivable to those who
have never experienced it. I saw in it a mean of effectively combatting
the fixed ideas of depressives, disrupting the chain of their ideas, of
unfocusing their attention on such and such a subject.

In his early efforts to apply this knowledge of cannabis to patients, Moreau
observed mixed results, and he began to question its utility. However, he
persisted in his efforts. Subsequently, some years later, Moreau reported an
in-depth case study of a man with intractable lypemania, a type of obsessive
melancholia (Moreau de Tours 1857), and its apparent resolution with
cannabis therapy. Spontaneous cure might be surmised, but subsequent
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evidence supports a rational basis for its efficacy with the work of Muller-
Vahl on obsessive-compulsive disorder (Muller-Vahl et al. 1998, 1999).

Close examination reveals that this article, presented here in English
for the for the first time, was apparently written by one“Homo, interne
provisoire,’’ but obviously under the close direction and supervision of
Moreau at the Hospice de Bicètre. It presents an important insight into nine-
teenth-century medicine, psychopharmacology and cannabis usage.

According to Bo Holmstedt (Efron 1967) (p. 7), one of Moreau’s favorite
pronouncements was, ‘‘Insanity is the dream of the man who is awake.’’Moreau
died in 1884 at age eighty.

In the intervening century, many have judged as a failure Moreau’s
efforts to therapeutically apply cannabis. This view is not universal, how-
ever. Professor E. Perrot of the Faculté de Pharmacie de Paris stated in 1926
(Rouhier 1975), “The Indian hemp, to take but one example, quite cheated
the hopes of Moreau de Tours, but it would be imprudent to affirm that it
will not be better utilized by the psychiatry of tomorrow!” [translation
EBR] (p. IX). This sentiment is a useful one to consider in the modern age,
as the search for better pharmacotherapeutic agents continues.
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Chapter 3

Cognoscenti of Cannabis II:
Simeon Seth on Cannabis

David Deakle

Only a few original texts concerning a physician’s actual practice of
medicine survive from the eleventh and twelfth centuries of the Byzantine
Empire. Of these, Simeon Seth’sLexicon on the Properties of Foods (Syntagma
de alimentorum facultatibus)is perhaps the most important for understand-
ing how dietetics were applied in Byzantine and Arabic culture.

Although his date of birth is uncertain, Simeon Seth was likely born in
1003 in Constantinople, though his family was probably from the environs
of Syrian Antioch. His name appears in the English literature under a num-
ber of forms: Symeon, Symeone, Sethi, Sethy, Seth, etc. In the century prior
to Seth’s birth, Antioch had been reclaimed by the Byzantine Empire from
the Arabs (AD 969). Seth benefited from a fluent knowledge of both the
Arabic and Greek languages, and he became fascinated with the medical
books of both therapeutic traditions. His translation skills, however, were
not limited to medical topics. Seth was also responsible for the translation
from Arabic into Greek of a popular Indian fable. At the request of Alexis I
Comnenus (d. 1118). Seth translated this tale of two jackals, Calila and
Dimna (in Greek, Stephanites and Ichnelates), as a moral work directed at
courtly courtesans as to how people should behave.

At the age of twenty-five, Seth found favor with the imperial court, and
became the medical officer in the court of three Byzantine emperors:
Constantine VIII (d.1028), Romain III (1028-1034), and Michael VII Ducas
(1071-1078). Seth was given the title master of the Palace at Antioch, and
was physician to the emperor. In addition to his work as a physician to the
court, at the age of thirty-five, Seth retired to the convent at Mount Olympus
to devote himself solely to the study of science and religious life.
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Seth’s interests included not only medicine and religion but also the
larger medieval disciplines of Aristotelean physics and natural science. He
wrote Conspectus Rerum Naturalium,a work on natural science with re-
flections on heaven and earth, matter and form, place and time, soul and
spirit, and the five senses. The Byzantine men of science and medicine built
their theories upon the previous advances by Nicandrus, Dioscorides and
Galen, but they gradually added “remedies from the east, from Arabia and
Persia, to those obtained from their native flora and fauna” (Vogel 1967,
p. 293). While others such as Theophanies Nonnus, Michael Psellos and
John Actuarius addressed the important relation of food and health, the
most important treatment of the medical properties of food and herbs was
Simeon Seth’sSyntagma. Seth was the first to mention, and to translate into
Greek, the information about a number of natural substances and medica-
tions employed in the oriental world.

After a brilliant career serving the imperial court under three emperors,
researching natural science and medicine, and exploring the religious life,
the master of the Palace at Antioch, Simeon Seth, died at the age of seventy-
eight in the year 1081 at the monastery on Mount Olympus.

Seth’sSyntagma de Alimentorum Facultatibusis a catalog of various
foods and herbs and their properties or effects. In 1868 Bernhard Langkavel
produced a critical edition of Seth’sSyntagmausing a number of Greek
manuscripts (Langkavel 1868).

Seth’s treatment of the plants is arranged alphabetically. Under “K”
(kappa in Greek) Seth treats cannabis(Kanabos)in a short paragraph. In
Langkavel’s edition there are two textual variants noted in Seth’s treatment
of cannabis. The first concerns the title. In manuscript K the heading reads
“cannabis seeds”(kannabourosperma). The other variant (also in manu-
script K) concerns the Greek wordtouton,which is changed from the accu-
sative to the genitivetoutou. This variant occurs in a phrase that is problem-
atic and difficult to translate or understand. Perhaps the variant is an attempt
to clarify the difficult meaning of the phrase, as will be noted.

Seth’s treatment of cannabis has a certain medical significance. The first
possibility concerns the harm of cannabis. This is found in the opening sen-
tence when he says, “The seed of cannabis when eaten has about equal [resem-
bling] harm as coriander.” There are also several references to the psychoac-
tive effects of cannabis and also its usage among the Arabs. Particularly,
Seth notes that when “eaten without moderation. . . it produces wandering
of mind [delirium].” Does the use of the phrasewithout moderationimply
that cannabis was used alsowith moderation and that such usage did not
produce delirium? The last phrase having possible medical significance is,
“The dried leaves being drunk . . . produce a hospitable [strange?] drunkenness
and lack of perception [lack of sensation/or unconsciousness] for the eater.”
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A translation of the Greek text of the Langkavel edition follows. The
words in brackets [ ] indicate an alternative translation of a word or phrase,
or a supplied word; the words in double brackets [[ ]] indicate a difficult or
obscure meaning:

The seed of cannabis when eaten has about equal [resembling] harm
as coriander. For being eaten without moderation, as that [corian-
der?], it produces wandering of mind [delirium]. The dried leaves be-
ing drunk as/like whole meal or rather as a drink [[the same whole
meal being dried]], produces a hospitable [strange] drunkenness and
lack of perception [lack of sensation/or unconsciousness?] for the
eater. Among the Arabs this is crushed [chewed?] in place of [instead
of/for] wine and they are intoxicated; but the offspring [product of the
plant] dries/drains just as camphor [literally: but it dries/drains/ parches
the product just as camphor].

Some further explanation of the bracketed and double-bracketed phrases
is required. In the second line the wordcorianderis not used; however, the
remote demonstrative “that”(ekeinos)most probably refers back to corian-
der in the previous sentence.

In lines four and five the double-bracketed “the same whole meal being
dried” does not make sense. Seth has just described the dried leaves as a
drink, but then he refers to the same whole meal being dried. There is a pos-
sibility that this phrase pertains to a preparation of hashish. Vogel (1967,
p. 293) indicates that Seth refers to hashish. As noted, this difficult phrase is
where one manuscript has changedtouton(accusative) totoutou(genitive).
It should be acknowledged that the 1542 Latin translation by Leonhart
Fuchs is also problematic at this same point (Fuchs 1999).

Another bracket is used in line four with the wordhospitable.While this
might mean “strange,” the primary meaning ofxevenconcerns hospitable-
ness and this is confirmed in the Fuchs’ Latin translation wherehospitalem
is used.

In the sixth line “lack of perception” could also be translated “lack of
sensation” or even “unconsciousness.” The Greek word is literallyanais-
thasian, from which the modern termanaesthesiais derived. However,
“lack of perception” is probably the intended meaning, given the eleventh-
century context.

In line sevem “crushed” could mean “chewed,” and at the end of the
same line the Greekanti is here translated as “in place of” wine, but it may
well mean “for” or “instead of” wine; the use of “for wine” is what the Latin
translation by Fuchs indicates with the use ofpro uino.
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The end of line seven and all of line eight demonstrate a number of gram-
matical problems. The first relates to the subject-verb agreement. In the
Greek text,ekmethuousiis an active verb, third-person plural. The meaning
here is that they, the Arabs, are drunk or intoxicated by the use of cannabis.
The Latin text of Fuchs changes the number to a third person singular
inebriat, which would mean that it, the cannabis concoction, intoxicates
and thus Fuchs maintains or preserves the active voice of the verb. The sec-
ond grammatical problem is found in the final phrase of the paragraph. Lit-
erally the phrase reads, “but it dries/drains/parches the product just as cam-
phor.” The problem here concerns the antecedent of “it.” The Greek verb
xeraineiis third-person singular. If the antecedent is the “Arabs” (meaning,
they dry the plant product as they dry camphor), there is a number disagree-
ment between the subject (Arabs) and the third-person singular verb. There
is the possibility that Seth meant “the plant product is dried like camphor,”
but the verb is active, not passive voice. Another possibility is that the ante-
cedent of “it” is that difficult earlier phrase “the whole meal being dried.”
Here Fuchs’ Latin translation provides no real help for the Latindesiccatis
also third-person singular and active voice. It should be noted that the Greek
gonandenotes “offspring,” “race” or “plant product” and probably refers to
the seeds. This is confirmed by Fuchs’ translation in which he employs the
Latin semen genitale,“the offspring seed.”

Given that Fuchs’ Latin translation was not mentioned in Langkavel’s
edition, and that it may well reflect an attempt to correct some of the gram-
matical difficulties of Seth’s Greek text, a translation of Fuchs’passage con-
cerning Simeon Seth may be helpful. The following is a rough translation of
the pertinent passage from Leonhart Fuchs,De Historia Stirpium Commen-
tarii Insignes,1542 (Fuchs 1999, vol 2, p. 392). The word in brackets [ ] in-
dicates a supplied or implied word, and the two phrases in double brackets
[[ ]] remain difficult to translate or have some obscure meaning.

The cannabis seed, having been eaten, brings the same harm as Cori-
ander: if it is eaten without moderation, it produces delirium as the
same [i.e., Coriander]. Indeed the dried leaf, when drunk, as meal, or
rather [[as dried meal for a drink]] produces a hospitable drunkenness
and lack of sensation by the eater. For it is crushed or kneaded among
the Arabs for wine, and it inebriates. [[It dries the offspring seed like
Camphor.]]

While containing only one brief paragraph on cannabis or cannabis
seeds, theSyntagmaof Simeon Seth is yet important. Clearly this Byzantine
physician and man of science reflected his knowledge of the use of cannabis
in the eleventh century and included it among the many herbs used in his
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day. Seth indicated that the plant could be abused when taken without mod-
eration or in excess, but he also supported the relatively negligible harm of
the plant, noting it to be akin to that of coriander. He was also aware of the
psychoactive properties of the herb, which may produce delirium, lack of
perception or a hospitable drunkenness. While some phrases are either
grammatically problematic or obscure, the tone and gist of Seth’s blurb on
cannabis remains clear: cannabis was known and employed as an herb in the
medieval world.
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Chapter 4

The Medical Use of Cannabis
Among the Greeks and Romans

James L. Butrica

INTRODUCTION

This chapter is intended to update our knowledge of the medical use of
cannabis in the Classical world, a topic on which the only serious discus-
sion is Brunner (1973, largely repeated in Brunner 1977). While no previ-
ously unknown texts have been discovered in the meantime, the availability
of the Thesaurus Linguae Graecae (a searchable database of ancient Greek
literature developed by Dr. Brunner and others) now permits a more thor-
ough investigation of the ancient sources than ever before; the result has
been not only to reveal some additional treatments not known to Brunner
but also to suggest a new understanding of some of the data.

Cannabis went by a variety of names. In the first century CE, Dioscorides
(1907-1914,Materia Medica3.148) mentionskannabion(a diminutive form,
“little cannabis,” “dear cannabis”),skhoenostrophion(“rope-twister”), andaste-
rion (“little star”). An ancient scholarly note in line 181 of Aristophanes’s com-
edyThe Acharnianssays thatsphendamnoswas another name for cannabis
because its fibres were used to make slings(sphendonai). Finally, the lexi-
con of Hesychius, compiled probably in the fifth century CE, addsphalisas
another equivalent (phi,p.108); it is unclear whether there is any connection
with the fact thatphalisis also attested in Pausanias as the title of a priestess
of Hera at Argos. Dioscorides notes as well that cannabis was sometimes
called “domesticated” or “tame” cannabis(hêmeros)to distinguish it from
another medicinal plant now identified as hemp mallow(Althaea kan-
nabina); this was called, in Greek, eitherhydrastinaor “wild” cannabis
(agria) and, in Latin, “terminal” (terminalis;this use ofterminalisis not at-
tested in any Latin source or recognized by any Latin dictionary, probably
because we know it only from the Greek writer Dioscorides; it perhaps re-
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flects a tendency of the plant to grow along paths and hedges and other bor-
ders[termini], as noted in theHerbariumof ps.-Apuleius, 106). Although
wild cannabis will not be discussed in this chapter, a few of the several an-
cient references to its medical use are included in Appendix I on the
grounds that some ancient medical writers, especially Pliny the Elder
(1967), make otherwise unsupported claims about the medical use of tame
cannabis that closely resemble well-attested uses of wild cannabis.

In general, cannabis was a completely uncontroversial element of every-
day life for both the Greeks and the Romans, used to make mats, shoes,
cloth, and especially ropes. The Romans especially favored hemp for the
rope in hunting nets; among the Greeks, on the other hand, it was more of-
ten used to make the nautical ropes calledkaloi, used for furling or rolling
up the sails and hence known, in English, as “reefing ropes.”

Medically, it was used to treat horses as well as humans; the evidence for
its veterinary use is summarized in Appendix II. In the treatment of humans,
it was part of the physician’s armamentarium, though no more so than a host
of other plants. Several parts of the plant could be used. Pliny mentions us-
ing the uncooked root on burns, but he may have been thinking of wild can-
nabis here. Another source has cannabis ash used in a poultice, but does not
say which part of the plant was burned to produce it. Fresh leaves were used
to dress horses’ sores, dried ones against nosebleed. But it is the seeds
whose use is attested most often, both “green” and mature, distinguished in
Greek askarpos(“fruit”) and sperma(“seed”).

ABSENCE OF MENTION

Before beginning the survey proper, it is equally important to note where
cannabis doesnot appear in our ancient medical texts.

First of all, though the medical use of cannabis is recorded in the ency-
clopedia of Pliny the Elder (written in the middle of the first century CE), it
is absent from the medical writings of another contemporary encyclopedist,
A. Cornelius Celsus (first half of the first century CE), and it seems to be
mentioned elsewhere in Latin only in late authors who for the most part
translated directly from Greek, such as Marcellus Empiricus (fifth century
CE) and pseudo-Theodorus (sixth century CE?). Hence, there is nothing to
show conclusively that cannabis was used medically by the Romans, though
given the scarcity of evidence I would be reluctant to say that no Roman was
ever treated with it. It is conceivable, for example, that when a late Roman
authority like Marcellus cites an otherwise unattested use of cannabis, it
comes from Roman folk medicine.
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Second, the medical use of cannabis is absent from the works of such gy-
necologists as Soranus (second century CE), though this does not necessar-
ily prove that it was never used in treating women. In fact, though one of the
principal uses of cannabis seed is one that seems to us to be logically appli-
cable only to males, Aëtius (sixth century CE) says that it could be used on
women as well. Perhaps the most we can say is that it seems not to have
been used for any condition specific to women.

Third, medical cannabis is absent from the writings of Hippocrates (fifth
century BCE) and his followers, known collectively as the Hippocratic
Corpus, though we need not infer that he rejected its use: despite its even-
tual ubiquity in the classical world, cannabis was evidently unknown to the
Greeks before the fifth century BCE, and so Hippocrates’s silence may well
represent ignorance, not conscious rejection, though absolute certainty is of
course impossible.

THE EMERGENCE OF CANNABIS

Cannabis first appears in Greek literature in the celebrated passage
where the historian Herodotus, an approximate contemporary of Hippocra-
tes, describes how the ancient Scythians used to toss cannabis seeds onto
red-hot rocks and inhale the vapors that were released (4.73-75). Since
Herodotus is not concerned with the medical use of the plant, there is, strictly
speaking, no reason to discuss the passage at length here; but Brunner (1973,
pp. 345-347) discusses it, and the archaeological discoveries alluded to
there in note 45 require some rethinking of what Herodotus described, espe-
cially since modern retellings of Herodotus’s account continue to abound in
inaccuracies and fanciful inventions: Emboden (1972, p. 223), for example,
has the Scythians using rocks from funeral pyres, and claims that Herodotus
describes them dancing and singing in response.

It should be remembered that cannabis seeds were used by the
Scythians not recreationally but as a part of their death ritual: instead of a
wake, they put the corpse of the deceased into a wagon, and for forty
days took it on visits to the homes of friends and kin, where it was served
at table along with the other guests. It was at the end of this period of
mourning that men resorted to the hemp baths as a form of cleansing (the
head being washed first with soap), while the women pursued a different
treatment (they smeared a paste of cypress, cedar, and frankincense on
their bodies and allowed it stand for a day; when removed, it left their
skin fragrant, clean, and shiny).
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The nature of the ritual is relevant to the interpretation of the words with
which Herodotus describes how the Scythians reacted to the vapor from the
seeds,agamenoi ôruontai,which are often translated as “[they] howl with
delight” or the like. The onomatopoetic verbôruontaicertainly describes howl-
ing and is used, for example, to describe the sound of wolves (LSJ[H.G. Lid-
dell, R. Scott, H.S. Jones,A Greek-English Lexikon(Oxford 1968)]s.v. “howl,
prop. of wolves and dogs”); the most recent translation of Herodotus (by R.
Waterfield [Oxford 1998]) is therefore certainly wrong to use “shriek.” As
to the participleagamenoi,which describes the state of mind in which the
Scythians do their howling, this is invariably translated as “with delight,”
“with pleasure,” or the like; butLSJ, s.v. ôrumomai,offers only this passage
when illustrating the sense “to howl with joy,” and in fact it notes that else-
where in Herodotus it means “to howl in mourning.” The latter is closer to
what one might expect in a ritual connected with death, and in fact the basic
meaning of the verbagamaiis “to be amazed” or “astounded,” perhaps ex-
pressing here a state of stupefaction. The currently favoured translation may
reflect a modern expectation that those who inhale such vapors ought to
have a “reefer madness” experience and become hysterical, but hilarity con-
flicts with the fundamentally solemn nature of the experience.

The archaeological discoveries affect the interpretation of the “tents” in-
volved. Herodotus notes that “they lean three poles against one another,
cover the poles with felted woolen blankets, making sure that they fit to-
gether as tightly as possible, and then put red-hot stones from the fire on to a
dish which has been placed in the middle of the pole-and-blanket structure”
(4.73); subsequently “the Scythians take cannabis seeds, crawl in under the
felt blankets, and throw the seeds on to the glowing stones” (trans. Water-
field). Tombs excavated in Russia have yielded not only an example of the
brazier on which the stones were placed but two sets of those “tent-poles” as
well. Perhaps the most accessible account is Artamonov (1965, p. 239).
There is an illustration of objects recovered from one of the tombs, namely a
pot containing hemp seeds, a “censer” that would have held the hot rocks
onto which the seeds were thrown, and six “sticks” that “formed the frame
of an 18-inch-high tent in which the hemp smoke was collected.” Because of
their height, however, these poles could never have formed a viable sauna or
spirit lodge, which the Scythians are sometimes thought to have used, and
Waterfield’s translation is consistent with this, rendering the verbhypoduô
as “crawl,” as the Scythians would have to do in order to insert their heads
into such a structure at ground level.

Since Herodotus’s account shows that the Greeks were already familiar
with vapor baths (he states at 4.75 that the seeds release a vapor which no
Greek vapor bath could surpass), it should not be surprising that some of
them may have adopted the Scythian habit of using hemp seed there; that
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much at least can be inferred from the fact that Hesychius’s lexicon (kappa
673) records a verbkannabisthênai(“to get cannabissed,” in effect), de-
fined as “to grow sweaty and hot from the effect of cannabis.” It is striking,
however, that this definition makes no reference to the cannabis “seizing the
head” (the standard euphemism for intoxication), though this just might be
subsumed under “to grow hot,” since we will see that cannabis seed (eaten,
however, rather than inhaled in vapor form) was thought to have a “warm-
ing” effect on the body.

Apart from Herodotus, the evidence for Greek familiarity with cannabis
in the late fifth and early fourth centuries BCE is ambiguous, consisting of
somewhat later scholarly notes that identify certain objects mentioned in
comedies of Aristophanes as made from hemp (see the scholia [ancient
scholarly notes] to Aristophanes,Acharnians181, Knights129 and 954,
Wasps394, andPlutus268); these interpretations, however, may be nothing
more than ahistorical assumptions by scholars who lived in a world where
hemp products were ubiquitous.

But by about the middle of the fourth century BCE we have evidence for
a new use of cannabis seeds: their consumption as a food. Fr. 13 of the
comic poet Ephippus constitutes a list oftragêmataor “snacks” consumed
while drinking at a symposium (the ancient equivalent of the modern Greek
mezedhes), including kannabides. This is a plural form, though probably
not (as always assumed) ofkánnabis,accented on the first syllable and sup-
posedly designating cannabis seed here (though the seed is elsewhere called
karposor sperma), but ofkannabís,accented on the last syllable and desig-
nating a confection of cannabis seeds and honey. Lexica of ancient Greek
do not recognize the existence ofkannabís= “cannabis seed cake,” but the
other foods in Ephippus’s list are prepared rather than raw, andkannabísin
this sense would have the same relationship tokannabos(an alternative
form of kannabís) thatsesamís,meaning “sesame seed cake,” has tosésamos,
meaning “sesame seed.”

We will encounter this recreational consumption of the seeds again in the
physician Galen, who confirms that they were enjoyed for their psychoac-
tive effect.

We cannot tell when the medical use of cannabis began; since, as far as
we understand, the Greeks were eating the seeds before they were using
them medicinally, it was perhaps inspired by observations regarding the
physiological effects of that consumption. Whenever it began, it was evi-
dently well established by the time of our earliest references to it, which
come in the first century CE.

Probably the earliest surviving account of the medical use of cannabis
is the entry in theMateria Medicaof the Greek physician Dioscorides,
published around 65 CE, followed closely by the one in theHistoria
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Naturalisof Pliny the Elder, finished in 77 CE and dedicated to the emperor
Titus. Despite the likelihood that Dioscorides deserves priority, I shall be-
gin with Pliny; he is the only classical Roman writer to discuss the medical
use of cannabis, and he lists more medical uses than anyone else, though he
is sometimes in conflict with other authorities.

Pliny’s Historia Naturalis has two substantial entries for hemp, one
concerned principally with its use in making rope (Pliny the Elder 1967,
19.273-274), the other on its medical use (20.259):

Cannabis in siluis primum nata est, nigrior foliis et asperior. Semen
eius extinguere genituram uirorum dicitur. Sucus ex eo uermiculos
aurium et quodcumque intrauerit eicit, sed cum dolore capitis,
tantaque uis ei est, ut aquae infusus coagulare eam dicatur; et ideo
iumentorum aluo succurrit potus in aqua. Radix articulos contractos
emollit in aqua cocta, item podagras et similes impetus; ambustis
cruda inlinitur, sed saepius mutatur priusquam arescat.

Cannabis, rather dark and rough in respect to its leaves, first grew in
the forests. Its seed is said to extinguish men’s semen. A liquid from
this casts out ear-worms and whatever animal has entered, but with a
headache, and its force is so strong that it is said to coagulate water
when poured into it; and so it is good for farm-animals’ bellies when
drunk in water. Cooked in water, the root softens contracted joints,
likewise gouts and similar attacks; uncooked it is spread on burns, but
is changed rather often before it dries out.

As can be seen from passage A in Appendix I, Pliny’s description of the
original plant as dark and rough of leaf resembles Dioscorides’s description
of wild cannabis as having darker and rougher leaves than tame. Perhaps
this reflects a belief that tame cannabis had been bred from wild cannabis
(Herodotus already distinguishes between cultivated and wild varieties of
the plant known to the Scythians); or perhaps—and not for the last time—
Pliny confused the two plants or carelessly ignored the distinction.

Whether or not this is the earliest surviving account of Greco-Roman
medical cannabis, it is certainly our single fullest catalogue of medical uses,
though Pliny is explicit about the nature of only four of the five treatments
that he records:

1. The use of the seeds:Pliny does not say how the seeds were used, nor
is he explicit about why. His comment that they “extinguish the se-
men” recalls modern claims about reductions in sperm levels in
frequent users (cf. Brunner 1973, pp. 349, 351 [with n. 33], and 353);
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but if the same phenomenon is indeed involved in both cases, one
wonders just how the ancients were able to make such an observation.
Brunner (1973, p. 349) interprets this and similar ancient comments
as references to impotence; it is more likely, however, that they reflect
a belief that the seeds have a “drying” quality (as that was understood
in ancient physiology), and a passage in Aëtius will show us what ap-
pears to have been the main medical purpose of the seeds, which was
precisely to “dry up” leaking semen.

2. Its use in treating the ears:Pliny refers to asucusmade from the seed
that was used to clear vermin out of the ears. Unfortunately,sucusis a
term of wide application that in a context such as this could designate
either a natural juice like sap or a prepared potion. Logically, how-
ever, Pliny ought to be referring to the same thing as thekhylosnamed
in our Greek sources (discussed later) as a treatment for the ears, but
no Greek writer has thiskhylosbeing used against “ear-worms.” These
vermin were perhaps first mentioned by the satirist Lucilius (second
century BCE), but they seem to have been a particular problem in the
early Empire, since Pliny records three other remedies for them (Pliny
the Elder 1967, 20.256, 23.85, 28.65). Instead, Dioscorides and Galen
say that thekhyloswas used for treating pains and inflammations as-
sociated with the ears. This is the first—and certainly not the last—
time that we must question whether we can take Pliny at his word and
assume that he has tapped into a medical tradition not attested in our
other sources, or whether he was mistaken because he had difficulty in
understanding a Greek source, used defective texts of Greek medical
writers, or was simply confused. In fact, there is a second example of
this same dilemma here, since headaches, which Pliny ascribes to the
use of thissucusin the ears, are elsewhere associated with eating the
seeds.

3. Sucusas a remedy for the “bellies” of farm animals:If Pliny means
that it was used to prevent or control diarrhea (a Latin word meaning
“therefore” connects this reference to the ability to coagulate water),
this is another use known to him alone. If, on the other hand, he is al-
luding to the seed-based remedy for tapeworms attested in the treat-
ment of both humans and horses (see below), this remedy does not
involve the preparation of akhylos,only a combination of chopped
seeds and water filtered to remove the grit.

4. The use of the cooked root on joints and against gout:No other medi-
cal authority mentions any medical use for the cannabis root; on the
other hand, two passages in Dioscorides (passages A and B in Appen-
dix I) refer to a poultice made from the boiled root of wild cannabis
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supposedly effective against inflammations and chalk stones(Ma-
teria Medica)or against chalk stones and twisted sinews(Euporista).

5. The use of the raw root on burns:No other medical authority men-
tions any use for the uncooked root of cannabis, but we have recipes
(including passage C in Appendix I) for preparations supposedly ef-
fective against such eruptions on the head as melicerides (encysted tu-
mors) that use the “dry” root of wild cannabis.

Pliny is a source that should be used with the greatest caution; while he
provides information that other sources do not, some of his “facts” could be
argued to result from confusing different uses of cannabis, or from confus-
ing the medical uses of cannabis and of wild cannabis.

Dioscorides’sMateria Medicais a complete guide to ancient medicines,
describing in its botanical section both the appearance and the medical uses
of the plants discussed; its entry for cannabis includes more or less the same
two points with which Pliny began (Dioscorides 1907-1914,Materia
Medica3.149.1):

Cannabis: A plant useful for life on account of the twisting of well-
strung ropes. It bears foul-smelling leaves resembling the ash, large
hollow stems, a round fruit which is eaten, and when consumed in
quantity extinguishes the semen; if infused when green, it is suitable
for instilling against ear-aches.

Dioscorides perhaps described the leaves more clearly in another work
when he wrote of the leaves of the eupatorion that they “are set at a distance
and strongly split into 5 or more parts, looking much like those of the
cinquefoil or cannabis” (Dioscorides 1907-1914,Materia medica4.41;
much the same information is provided by Pliny the Elder 1967, 25.65 and
Oribasius 1933,Collectiones medicae11.epsilon.20).

Though he too seems not to be explicit about the medical use of the
seeds, Dioscorides records the valuable information, absent from Pliny’s
account, that they affected the body as a result of being eaten and that they
had to be consumed in substantial quantities to produce the drying ef fect.
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With regard to the treatment for earaches, Dioscorides specifies that the
seeds were prepared while still green and immature. The participlekhylis-
theis,translated above as “infused,” shows that they were subjected to the
process calledkhylismos,which resulted in akhylos,a juice combining sub-
stances from both the seeds and the liquid in which they were infused; such
a khylosmade from green cannabis seed is mentioned in another work of
Dioscorides (Dioscorides 1907-1914,Euporista1.54) as one of several pre-
parations effective against “pains and inflammations around the ears” if
instilled while warm.

Brunner (1973, pp. 350 and 353) understands the liquid used in the ears
as “seed-juice,” but pressing the seeds would surely yield oil rather than
“juice.” According toLSJ, khylizômeans to extract juice from a plant through
either infusion or decoction, but an examination of Dioscorides’s actual us-
age reveals that the process involved only infusion, not decoction. It was ev-
idently common enough to be mentioned well over 100 times in theMateria
Medicaalone, and it was normally applied to plants (there is an entire sec-
tion on how tokhylizeindry botanical material), though there is also one
formula for asses’ dung infused in wine as a remedy against scorpion bites.
The plant might be worked whole, root and all, or only one part might be
used (roots, stalks, grasses, leaves, and seeds are all attested explicitly), or
some combination of two or more of these. Whatever was being processed
was first prepared, almost always by chopping, though there are a few refer-
ences to preparing roots by bruising. To this a liquid would then be added.
One recipe suggests water or wine, another rain water or old wine; other liq-
uids mentioned include warm water,passum(a very sweet wine made from
raisins), oxymel (a combination of vinegar and honey), and honey-wine or
mead (mentioned three times, twice asmelikraton, once ashydromel). A pe-
riod of steeping presumably followed in all cases, though it is mentioned
explicitly only a few times, and only two recipes specify the length (five
days in both cases; two others say “sufficient days”). This steeping did not
involve the application of heat; a few formulas in theMateria Medicaspec-
ify a period of boiling, but it always follows the steeping (hence the inap-
propriateness of “decoction” as a translation ofkhylos). After steeping (and
sometimes boiling), the plant material would be strained (a strainer is men-
tioned once) or squeezed in a press (again mentioned only once, but its use
was presumably standard) to extract the liquid, which constituted the
khylos. While the creation of this liquid was obviously the goal with canna-
bis seed and with some of the other formulas, in other cases the goal was in-
stead to transform the plant material itself, which would subsequently be
dried, sometimes in sun, sometimes in shade, before use, while thekhylos
would apparently be discarded (if not already boiled away). Thus the prepa-
ration that was warmed and instilled into the ear against inflammations and
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pains would have been produced by chopping green cannabis seeds, soak-
ing them for a period in water or some mildly alcoholic liquid such as wine,
and finally pressing out the fluid. If this is indeed the same as thesucus
mentioned by Pliny as having the ability to “coagulate” water, then uncer-
tainties about the liquid used to produce it make it difficult to comment on
the speculation offered at Brunner (1973, p. 353).

The medical use of cannabis continues to be well attested in the second
century CE in the writings of the Greek physician Galen. His workDe
Simplicium Medicamentorum Temperamentis et Facultatibus(On the tem-
peraments and properties of simple medications) offers an evaluation of the
utility of the seeds which again begins with the very same two points made
by Pliny and Dioscorides (Galen 1821, XII.8):

The fruit of cannabis is both nonflatulent and drying to such an extent
that, if consumed in quantity, it dries up the semen. Some make an in-
fusion of it while green and use this against those earaches, I believe,
that occur through blockage.

In terms of treatment, the novelty here is the acknowledgment that the infu-
sion works specifically against earaches caused by blockage; though (un-
like Dioscorides) he does not remark that it was used warm, could Galen
have realized that thekhyloswas effective simply because, like any other
warm liquid, it could dislodge ear wax? Another novelty here is our first ref-
erence to the antiflatulent quality of the seeds; a later writer notes that this
property is so strong that, if cannabis seeds have been eaten, there is no flat-
ulence even after eating foods that cause it (Oribasius 1933,Synopsis4.21,
“the fruit of cannabis is non-flatulent even after flatulent foods”). Brunner
(1973, p. 350) has the ambiguous translation “eliminates intestinal gas”:
“prevents” would be more precise.

Galen’s account also puts the use of cannabis seeds within the context of
ancient medical theory. Health was dependent not only upon the proper bal-
ance of the four humors (black bile, yellow bile, blood, and phlegm) but
also upon the proper balance of the four qualities of warm, cold, dry, and
moist; indeed, it could be influenced through the consumption of or absten-
tion from those foods and medications that inherently possess these qualities
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or enhance them in the body. Hence we can see for the first time a connec-
tion between the drying up of semen through high level consumption of the
seeds and a supposed “drying” quality inherent in the seed (see also
Hesychius’ lexicon [kappa 764], which defines cannabis as a Scythian
thumiama[i.e., incense] that has the ability to “dry out” everyone in the
vicinity).

Since many ancient medications were, as we now say, “natural source”
and were in fact everyday foods as well, Galen also wrote about the eating
of mature cannabis seed in another work calledDe Alimentorum Facul-
tatibus(On the Properties of Foods,Galen 1821, VI.549):

On the seed of cannabis:

While the cannabis-plant itself resembles to a degree the agnus plant,
the seed is not at all like its seed in its power but completely different,
being both hard to digest and tough on the stomach and headache-
inducing and bad-tasting. All the same, however, some people eat it,
munching on it together with other snacks. By “snacks” I mean the
things eaten at dinner on account of the pleasure associated with
drinking. It warms sufficiently, and for that reason it also intoxicates
quickly when eaten in quantity by sending toward the head a vapor
that is both warm and medicinal.

The word translated “vapor” here(atmos)is another form of the one used by
Herodotus to describe what was released when the Scythians threw canna-
bis seed onto the hot rocks(atmis). The word translated “medicinal” here is
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rendered by Brunner 1973, p. 350 as “toxic,” butpharmakôdêssimply
means “of the nature of apharmakon” (LSJ s.v.), while pharmakonitself
designates a “drug, whether healing or noxious”(LSJ s.v.); since “drug-
like” could be misleading in the context of treatment with cannabis, I have
chosen “medicinal.”

Again the influence of contemporary theory is evident in the reference to
the “warming” quality of cannabis, naturally associated with its “drying”
quality; this probably alludes not to a “warm” feeling felt by the user (Brunner
1973, p. 351) but to the ability of the seed to maintain the body’s warmth, the
prerequisite of life. But this passage also constitutes our best evidence for
the recreational use of cannabis through consumption of the seeds (denied
at Brunner 1973, p. 355), which we last saw mentioned in Ephippus in the
fourth century BCE: surely it was for the intoxicating effect, and not for the
unpleasant taste or for the stomachaches or headaches, that they were eaten.
Galen confirms this intoxicating effect a little later in the same work (Galen
1821, VI.550) when he writes that the seed of agnus-castus doesn’t “touch
the head” as cannabis seed does.

One “paramedical” use worth mentioning is as a mosquito repellent (cf.
Brunner 1973, p. 349). An ancient work on farming claims that “with can-
nabis spread below, mosquitoes will do no injustice to the one in the bed”
(Anon. 1895, 13.11.9), while elsewhere it promises that “if you put a
blooming sprig of fresh cannabis by you when going to bed, mosquitoes
won’t touch you” (13.11.4). Whether or not these actually work, they might
reflect an observation by ancient hemp farmers that insects by and large
tend to avoid the plant.

A work falsely attributed to Galen calledDe Remediis Parabilibus
(On ready remedies)offers cannabis leaves in a treatment against nose-
bleeds (Galen 1821, XIV.548): “Dry some cannabis leaves, grind them
and put them into therhothôn” (the suggested alternative is to set fire to
a piece of linen, dip it in “sharp vinegar,” and insert it into the nostril!).
Unfortunately,rhothôndoes not occur elsewhere and is not found in any
Greek dictionary I have consulted, but one assumes that it designates the
nostrils.

Cannabis seed appears twice in remedies for tapeworms. One that is also
attested for horses (see Appendix II) turns up inOn ready remedies(Opera
OmniaXIV.515):
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Chop and sift dry cannabis seed, mix with water and makekhylos-
like, and press through a clean rag and administer.

As spermashows, this involves mature seed rather than the green seed used
to make thekhylosfor earaches; it is not clear, however, what the author
meant by “khylos-like” (a brief period of steeping before filtering?). Archi-
genes (fr. 17) offers the second recipe, involving a drink prepared from a
number of seeds, including cannabis.

Greek medicine as a form of scholarly inquiry effectively ended with
Galen, and later writers, for the most part, simply rehash and recycle what
we have already found.

In the fourth century, Oribasius repeats in one passage (Oribasius 1933,
Ad Eunapium2.1) what Galen says inOn the temperaments and properties
of simple medicationsabout the seed drying up the semen; in another
(Oribasius 1933,Collectiones Medicae1.32) he abbreviates Galen’s com-
ments in “On the properties of foods” about their indigestible quality and
their warming effect. In the sixth century, Aëtius writes as follows (Aëtius
1935,Iatrica 1.178):

The fruit of cannabis is hard to digest, headache-inducing, and bad-
tasting; even if it is roasted it intoxicates by warming the head suffi-
ciently, sending up a warm medicinal vapor toward it; by having a dry
and non-flatulent temperament it dries the semen.

This is more or less what Galen wrote inOn the properties of foods,but
perhaps a little confused; the explicit connection made here between the
nonflatulent property of the seed and its ability to dry may be based upon a
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misunderstanding of Galen and his use of “both . . . and.” (Galen probably
meant that the seed was, on one hand, nonflatulent and, on the other, drying
to such an extent that it dried up the semen, not that both the nonflatulent
and drying properties dried up the semen.) Finally, in the seventh century,
Paulus of Aegina (Paulus Aegineta 1921-1924,Epitome Medica7.3.10) re-
peats more or less word for word the comments from Galen’s workOn the
temperaments and properties of simple medications.Late Roman writers
such as Marcellus Empiricus and pseudo-Theodorus closely reflect what
we have already seen in Greek writers, though they sometimes add an out-
landish novelty or two (cf. Brunner 1973, p. 354).

Outside these specific accounts, cannabis seed regularly appears in lists
of foods with various qualities: nonflatulent foods (Oribasius 1933,Collec-
tiones medicae3.22.1, 15.1:10.9,Synopsis ad Eustathium filium4.21.2,Ad
Eunapium1.38.1; Aëtius 1935,Iatrica 2.258), foods with a drying effect
(Oribasius 1933,Collectiones Medicae14.23.1, 15.1:10.9,Synopsis ad
Eustathium filium2.13.1; Aëtius 1935,Iatrica 2.209), foods with a warm-
ing effect (Oribasius 1933,Collectiones medicae3.31.2, Synopsis ad
Eustathium filium4.31.2), and foods that harm the head (perhaps because of
the headaches said to be associated with eating it; [Anon. 1841]De ali-
mentis31, under the designationkannabokokka; Oribasius 1933,Collec-
tiones Medicae3.21.3,Synopsis ad Eustathium filium4.20.1). Some writ-
ers also record it as a powerful thinning agent, in other words, as having the
ability to thin the body’s humors (Oribasius 1933,Collectiones medicae
3.2.4 =Synopsis ad Eustathium filium4.1.3 =Ad Eunapium1.18.3, “among
agents that thin powerfully enough to be medicinal is the seed of rue and of
cannabis”; Aëtius 1935,Iatrica 2.240 gives a substantially identical text).
Under the compound namekannabosperma(“cannabiseed,” as it were), it
also appears once in a list of foods that produce “sticky” humors (Anon.
1840De cibis18), specifically in a sublist of foods that also produce “cool”
humors.

The imitative quality of later Greek medical writing has one advantage
for us: that later writers can sometimes preserve knowledge that has other-
wise been lost. In the case of cannabis seed, though we have seen numerous
references to the ability of the seed to suppress semen when consumed in
quantity, we have seen none that has related this explicitly to a medical use.
Fortunately, a passage of Aëtius on the treatment of “gonorrheas” or invol-
untary discharges of sperm shows us the medical use that exploited that dry-
ing effect (Aëtius 1935,Iatrica 11.33):
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So a gonorrhea is a condition of the spermatic ducts, not of the penis.
The condition generally does not cause much pain, but it does offer an
unusual deformity and effusion, as the seed is incessantly being dis-
charged involuntarily. Sometimes a gonorrhea is brought about by a
discharge of the spermatic ducts, sometimes it is an aftereffect of a prece-
ding satyriasis. The condition happens most to the young, around the
age of fourteen, though at other ages as well. The seed is discharged in
a watery and thin condition, unconnected with any desire for sex,
mostly without being noticed, though sometimes with a certain plea-
surable sensation. The entire body, but especially the areas around the
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loin, is gradually wasted and withered by it. Significant weakness fol-
lows, not because of the quantity of the discharge but because of the
sovereignty of these areas. This happens not only to men but to
women as well, and in the case of women it is difficult to cure. The
general treatment of these conditions is the one for every kind of dis-
charge. First of all, then, keep the patient rested, eating little and drin-
king only water; then also cover the loin and pubes with wool
moistened with wine and attar of rose or grape-bloom or quince (sponges
dipped in diluted sour wine are not to be rejected); in the days that fol-
low use poultices from dates, quinces, acacia, hypocist, grape-bloom,
red sumach and the like, and astringent sitz-baths, decoctions of
mastich, bramble, myrtle and similar things, boiled in dry wine, either
unmixed or mixed. Use foods that are hard to digest and assimilate
and are drying, and give to them together with the drink and food the
seed of agnus-castus and of cannabis, preferably roasted, and the seed
and leaves of rue, as well as the seed and stalks of wild lettuce and the
root of the water-lily. Every day, instead of ordinary water, some give
water in which steel has been quenched often, some the bark from the
root of the winter-cherry.

Despite the comment that this “affliction” can occur in women as well (per-
haps Aëtius was thinking of vaginal secretions, though they are obvi-
ously—to us, at least—not discharges of semen), it is clear that Aëtius is
discussing principally wet dreams and nocturnal emissions in teenage boys.
This phenomenon evidently caused great concern to ancient physicians; the
passage quoted is not even the whole of Aëtius’s discussion of its treatment,
but one can see that it involves plenty of rest, a restricted intake of food, and
abstention from beverages other than water (obviously the physicians who
administered water from the blacksmith’s that had been used for quenching
hot steel were engaging unconsciously in a sort of homoeopathic magic).
But the logic of Aëtius’ treatment is inescapable: these discharges represent
leakage from the spermatic ducts, and so the drying quality of cannabis seed
can be invoked to dry up those leaks.

A passage in Oribasius (Oribasius 1933,Ad Eunapium4.107.2) has the
fruit of wild cannabis used in this treatment, but he is very probably mis-
taken; his language reflects exactly what other authorities say about the ef-
fect of cannabis seed (“if drunk in quantity it dries up the semen”), and no
other medical authority except theHerbariumof ps.-Apuleius refers to any
use at all for the seed of wild cannabis. That Oribasius writes of the fruit be-
ing “drunk” rather than eaten is also likely to be an error, unless he was sim-
ply thinking about the seeds being taken together with a beverage.
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This survey of the medical use of cannabis has yielded several weakly at-
tested uses: a preparation of dry seed against tapeworms, the dried, ground
leaves against nosebleed. But it has also shown that there were two princi-
pal uses, attested again and again in our major medical authorities: an infu-
sion of the green seeds used against earaches, and consumption of the seeds
in treating nocturnal emissions. For a variety of reasons, it is difficult to
evaluate the effectiveness of these treatments, most obviously because of
the impossibility of experimenting with the precise strains that were used in
antiquity, less obviously because we cannot always be certain about the
method of preparation (for example, no one tells us whether thekhylosused
in the ears was prepared with water, with wine, or even with oxymel). It may
well be, however, that the lack of a technology to permit smoking cannabis
meant that the ancients were denied the opportunity to make the most
effective use of the plant’s psychoactive and analgesic properties.

Finally, one section of a genuine work of Galen,De Victu Attenuante(On
the thinning regimen,Galen 1923, 29), hints at some controversy over the
medical use of cannabis seed. Galen is making the point that some foods ex-
ercise such a powerful effect on the body that they are little short of the
properties of true medicines. His first example is the seed of the rue, fol-
lowed by the seed of the agnus-castus (which we’ve seen associated else-
where with the medical use of cannabis), followed by cannabis seed, which
he says is not only medicinal but also headache inducing, so that “one would
properly use them [i.e., the seeds of these three plants] for only one purpose,
when one chooses to purify the blood through the urine.” Since no other
source connects cannabis seed with purification of the blood (or with the
urine), it is not clear what Galen had in mind here. What does seem certain
is that his words reflect a perception that there was such a thing as anim-
proper use for the seed. It seems unlikely that Galen was thinking of the
poorly attested use of cannabis seeds against tapeworms or even of the
much better attested use of akhylosfrom them against earaches. In the ab-
sence of any other attested medical use of cannabis, this leaves the drying
up of semen as his most likely target; since we know that Galen was aware
that eating the seeds was not only unpleasant but could lead to intoxication
as well, it is perhaps not unreasonable to suspect that the controversy under-
lying his words was precisely over the prescribing of cannabis seeds for the
treatment of nocturnal emissions in teenage boys, inspired by observations
of undesirable side effects from administering the large quantities of seed
that were required to produce the “drying” effect. It is worth noting that,
when Aëtius goes on to offer a specific recipe for an antidote to nocturnal
emissions, it contains the seed of agnus-castus but not of the more intoxicat-
ing cannabis (see Galen, quoted previously, for agnus-castus as a non intox-
icating alternative to cannabis).
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APPENDIX I: PASSAGES DISCUSSING WILD CANNABIS
POSSIBLY MISUNDERSTOOD AS DISCUSSING

DOMESTICATED CANNABIS

A. Dioscorides,Materia Medica 3.149 (cf. Oribasius,Collectiones
Medicae11.kappa.3)

Wild cannabis bears shoots similar to those of the elm, but darker and
smaller, the height of a forearm; the leaves are like the domesticated
variety, but rougher and darker, the flowers reddish, similar to the
toad-flax, the seed and root like the wild mallow. The root when
boiled and used as a plaster can ease inflammations and disperse
chalk-stones; and the inner bark from it serves for making ropes.

B. Dioscorides,Euporista 1.229

Cures for chalk-stones in the gouty and for twistings of the sinews in-
clude . . . a plaster of wild cannabis.

C. Oribasius,Synopsis ad Eustathium Filium3.29.1 (cf. Aëtius 1935,
Iatrica 15.7):

Adamantius’ [remedy] against melicerides and the like:
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Two measures of wax, 2 of terebinth, 2 of bronze chips, 1 of nitre, 1 of
native sulphur, 35 of dry root of wild cannabis (otherwise the same
amount of round aristolochia), 35 of pigeon-droppings, 1 of old oil.
Boil down the roots in the oil.

APPENDIX II: CANNABIS IN VETERINARY MEDICINE

According to a collection of horse remedies known as the BerlinHip-
piatrica (Anon. 1924, 96.26), the chopped leaves can be used to dress a
wound: first some vinegar and pitch are brought to a full rolling boil, then
wax, mustard, wheat-chaff, and roasted pine-resin are added, and the
resulting mixture (presumably cooled) is applied liberally, then chopped
cannabis leaves and grass trimmings are put on top before the wound is
bound. This treatment evidently does not rely upon any chemical properties
of cannabis leaves but simply uses them (no doubt as a waste product from
cultivation for rope making) as a clean and readily available dressing.

Another collection, the CambridgeHippiatrica, offers a recipe for the
treatment of tapeworms which is identical to the one just cited from pseudo-
GalenOn ready remedies(Anon. 1924, 70.10).

Finally, a formula found in both the CambridgeHippiatrica (Anon.
1924, 17.3) and in theGeoponica(Anon. 1895,Geoponica16.15) specifies
the use of the ash of cannabis (though we are not told whether this is from
burning the stems or the leaves or even the root) combined with honey and
“old urine” as a salve for wounds of the lower back (for the “back-biting” of
horses and the use of cannabis to control it, cf. Brunner 1973, p. 354, with
n. 40).
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UPDATE

Ethan B. Russo

The ancient and medieval texts remain a treasure trove of investigational
work for modern medical detectives. A newly discovered thirteenth-century
vellum manuscript in the Ashmolean Museum at Oxford University contains
a beautiful color rendition of cannabis and may be based on a third-century
text of Pseudo-Apuleius. A new translation is planned. The phytopharma-
ceuticals lessons of the past are ignored at peril to our optimal realization of
health in the future (Riddle 1999).
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Chapter 5

A Homelie Herbe: Medicinal
Cannabis in Early England

Vivienne Crawford

INTRODUCTION

Although medical herbalism has an ancient and venerable history, its use
in Britain since the seventeenth century has increasingly been the subject of
contention. This is not a function of the perceived efficacy of plant medi-
cine. Rather, the authorisation or prohibition of particular therapeutic prac-
tices reflects the fluctuating distribution of power by means of which the
civic body, as represented by the government and the professions it recog-
nises and licences, asserts its right to regulate the individual body of the citi-
zen. Legal control has been particularly overt in the case of psychoactive
plants such as cannabis, which possess the politically and morally charged
property of changing the way we see the world.

Prohibited for common use in Britain since the 1920s, and banned even
for prescription by doctors since the 1970s, cannabis is currently the subject
of experimentation purporting to prove to the satisfaction of science that the
plant is a cornucopia of therapeutic constituents. As in the United States of
America, orthodox pharmaceutical and medical bodies have been canvass-
ing the government to authorise clinical trials and grant licences for canna-
bis-based medicines. Transformed almost overnight from outlaw to com-
mercial opportunity, cannabis is the subject of urgent investigation on the
part of commercial scientists, as companies on both sides of the Atlantic
scramble to patent profitable analogues. I suggest that a rational consider-
ation of its venerable history in England, coupled with the evidence of its
therapeutic properties (newly confirmed in the language of biochemistry),
leads to the inescapable conclusion that the prohibition of medicinal canna-
bis in England is an historical anomaly that should be rectified as soon as
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possible. Indeed, the British government is moving in this direction: in Oc-
tober 2001 cannabis was reclassified in recognition of the fact that, by any
measure, it is much less dangerous than such substances as street heroin.
GW Pharmaceuticals’ cannabis-based medicines are in the final stages of
U.K. testing. Yet there is no official will to restore cannabis to its former po-
sition in the repertory of common herbs available to qualified practitioners,
let alone to legalise the growing of the plant for home consumption. Canna-
bis is still perceived as an alien drug and, despite reports in the popular press
about its use as self-medication for pain control, or to ease the effects of
neuromuscular dysfunction, one that is primarily associated with an anti-
social hedonism.

Evans (1996) state that cannabis is believed to have reached Europe via
Napoleonic Egypt. However, an authoritative nineteenth-century history of
drugs (Flückiger and Hanbury 1879) details the way in which it became
prominent in contemporary British medicine following the in vivo research
carried out by O’Shaughnessy in Calcutta during the 1830s. Grinspoon (1997)
adds that between 1840 and 1900 more than one hundred papers were pub-
lished on its therapeutic effects.

Whilst this may be accepted as the inauguration of modern usage, hemp
had in fact been a staple of indigenous European medicine for more than a
millennium. In addition, like its cousin the nettle, cannabis was a source of
fibre for rope and cloth. Its seeds provided food and, when crushed, yielded
oil rich in essential fatty acids to nourish both people and their beasts.

Why then was it seen in the Victorian period as a new plant? Even the
reputable Grieves’ (1971)Herbal speaks of cannabis as if it reached Eng-
land only in the midnineteenth century. I believe the answer is that during
this period the strain of cannabis most commonly employed in Britain for
both medicinal and psychotropic purposes was the variety known asCan-
nabis indicaor Indian hemp, imported from the Indian subcontinent in the
form of compressed resin, whereas previously, medicinal use had been
made of the leaves, seeds and roots of cannabis plants grown in a northern
climate.

There is no absolute consensus as to whether cannabis is a closely related
genus of plants, includingCannabis sativa, C. indica,andC. ruderalis,or a
single polymorphic species with variant ecotypes, each carrying different
proportions of cannabinoid constituents depending on environmental
circumstances (Flückiger and Hanbury 1879; Staryk 1983; Schultes and
Hofmann 1992; Evans 1996). Whichever is truer, the fact that the Anglo-
Saxons do not record any mind-altering effects for their homegrown hemp
seems to suggest that tenth-century English-grown cannabis lacked the con-
centration of sunlight-induced terpenophenolic metabolites (e.g.,� -8 and
� -9 tetrahydrocannabinol, etc.) responsible for changes in consciousness,
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and consistently present in plants grown in the light and heat of Asia. Either
the potentially psychotropic effects of the plant were unknown, or, if occa-
sionally observed, were not regarded as controllable in a therapeutic con-
text, and hence not recorded in reference texts.

CANNABIS HISTORY IN ENGLAND

Anglo-Saxon and Classical authors simply differentiatedC. sativa(cul-
tivated) fromC. sylvestrisor agria (wild). It has been suggested that the lat-
ter isEupatorium cannabinum,but in theDurham Glossary of the Names of
Worts(Cockayne 1856,Vol. 1 p. 329),Cannabis agria’s synonym is “holi
rope,” in my view an epithet applying more properly to cannabis. Reversing
the usual route of plant migration, by means of which wild-growing Medi-
terranean herbs were introduced for cultivation into colder parts of Europe,
C. sativacame to Greece and Italy from the northeast. Excavation of West-
ern Altaic burial mounds has confirmed the Scythian custom of inhaling the
fumes of cannabis seeds, heated in pots or on stones in an enclosed space,
described by Herodotus circa 500 BCE (1978,Histories,bk. IV, p. 295): “it
begins to smoke, giving off a vapour unsurpassed by any vapour-bath one
could find in Greece. The Scythians enjoy it so much that they howl with
pleasure.”

Hemp has been found in Germanic burials dating back to 500 BCE
(Schultes 1973). This raises the possibility that Saxon folk custom, rather
than herbal lore inherited from the texts of Galen and Dioscorides, estab-
lished its use in England, although subsequent monastic praxis embraced
both.Cannabis sativawas cultivated in England during the Anglo-Saxon
period (fifth through eleventh centuries CE) to make rope, but it was also
noted that “manured” hemp, used for coughs and jaundice, differed in its
properties from “bastard” (wild-growing) hemp, the latter being medicinal
“against nodes and wennes and other hard tumours” (Schultes and Hoff-
mann 1992, p. 97). TheHerbarium(eleventh century, see De Vriend 1984,
CXVI, p.148) recommends “haenep” (glossed in Latin asCannabis sativa)
specifically for sore breasts: “gecnucude mid rysle, lege to pam breostan,
heo toferep paet geswel; gyf paer hwylc gegaderung bip heo pa afeormap.”
(I translate this as “Rub [the herb] with fat, lay it to the breast, it will dis-
perse the swelling; if there is a gathering of diseased matter it will purge it.”)

Hemp enjoyed an enhanced respect under the Tudor monarchs, as with
the onset of imperial longings, the navy’s demand for rope increased. It was
vigorously cultivated in England, and even planted at Jamestown, Virginia,
in 1611 (Grinspoon and Bakalar 1997). Male and female plants were distin-
guished by the terms “carl” and “fimble” hemp, respectively, and the charac-
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teristics of summer and winter hemp assiduously noted. Parkinson’sTheat-
rum Botanicum(1640) includes notes on its cultivation. The “drowning” of
the carl hemp was an important part of its processing in preparation for use
as fibre, and required skill, for too prolonged an immersion would cause the
hemp to rot. It is interesting to note that the nineteenth-century reprint of
Thomas Tusser’sFive Hundred Points of Good Husbandrie(1810, origi-
nally published in 1557) contains an editorial comment to the effect that the
neglect of the valuable hemp plant is one of the misfortunes arising from a
dependence on foreign trade. The categorisation of nonpsychoactive canna-
bis as an indigenous or naturalised British plant, serving as a useful source
of fibre, clearly remained untroubled for centuries.

But this is only one aspect of the history of cannabis use in what is now
termed “early modern” England. The English Renaissance herbals clearly
indicate that, as for the Anglo-Saxons, hemp was a source of therapeutic
constituents as well. It is clear that the Tudor herbalists, who by 1588 depended
on extra-European sources for only 15 percent of their drugs (Bellamy and
Pfister 1992), were qualified by familiarity, as well as by their assimilation
of Classical sources, to assess the virtues of cannabis as a medicinal herb.

“Water of hempe” was recommended inThe Vertuous Boke of Distillacioun
for headache and “for all hete wheresoe’er it be” (trans. Braunschweig, H.).
John Parkinson, inTheatrum Botanicum(1640), and Nicholas Culpeper
(1652) subsequently confirmed this indication for the aromatic water. Rich-
ard Banckes (1977) also demonstrates an awareness of the anti-pyretic
property of cannabis in 1561: “its virtue is, if a man have the fever, fret well
his pulse therwith, and he shall be whole.”

William Turner (1551) offers his readers Latin, English, French and
Dutch names for medicinal hemp, indicating widespread use in Northern
Europe. He follows the Classical authors in recommending it for earache
and warning that it may impede fertility, and compares Dioscorides’s dis-
cussion of hemp with that of Pliny, emphasising that it “maketh soft the
joints that are shrunk together” (p. 112).

Turner (1551) also echoes Simeon Sethy: the seed “if taken out of mea-
sure, taketh men’s wits from them, as coriander doth” (p. 112). This does
not sound like personal testimony, yet it is clear that if the English Renais-
sance herbalists were sufficiently in thrall to the Classical lore-masters to
preserve and repeat their conclusions, they were also capable of discussing
those findings and comparing them with contemporary knowledge based on
the authority of experience.

What is remarkable about Turner, for instance, is his critical use of eclec-
tic sources: he is punctilious in his attempt to differentiate between what he
has read and what he has understood through his own perceptions. In the
DodoensHerbal translated into English by Henry Lyte (Dodoens and Lyte,
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1619), Lyte warns against the ingestion of the raw seeds in what may be the
voice of experience, despite being based on Galen: the seeds are “contrarie
to the stomach and engendreth grosse and naughtie humors in all the bodie”
(Schultes and Hoffmann 1992, p. 95). The mode of hemp preparation utilis-
ing dairy products such as butter (e.g., Culpeper 1652) is not copied from
Classical sources but is a specifically Northern European practice. I con-
clude therefore that if Dioscorides, Galen et al. provided the literary basis of
Tudor and Stuart writing about cannabis, their work was supplemented by a
contemporary empirical awareness.

However, cannabis does not seem to have been recorded in English Re-
naissance herbals as an inebriant any more than it was documented as such
by the Anglo-Saxons. This is all the more curious since Prosper Alpinus
(1591) had reported on its use as an intoxicant in Egypt, and given the ex-
traordinary cosmopolitanism of the English at that time, and the fervour
with which strange plants were investigated by the early Elizabethans, it is
implausible to suppose that hashish was altogether unknown. Burton’s
(1621) resplendentAnatomy of Melancholyperhaps offers a clue to this
puzzle: speaking of herbs which take away grief, he mentions “another
called Bang, like in effect to Opium, which puts [men] for a time into a kind
of Extasis, and makes them gently to laugh” (p. 593). It is clear from the
context and word choice that Burton is repeating here information gleaned
from a Hispanic text: significantly, he shows no awareness that the aro-
matic, resinousbhangis in any way related to the familiar English hemp.

The generation of herbalists who followed the Renaissance practitioners
in England also approached cannabis with confidence and curiosity, discov-
ering new applications or attempting to ascertain its mechanism of action.
Culpeper (1652) listedCannabis sativain his famousHerbal. With a wry
aside on the disciplinary use of hempen rope (it is “good for something else
than to make halters only” (p. 183), he applauded the healing virtues of
the plant, e.g., “The emulsion of the seed is good for the jaundice, if there be
ague accompanying it, for it opens obstructions of the gall, and causes
digestion of choler.” He recommended cannabis for fluxes, colic and rheu-
matic pain, adding that the fresh root, “mixed with a little oil and butter, is
good for burns,” and the seed, seethed in milk till it releases its oils, for hot
and dry coughs (Culpeper 1652, p. 183). The use of cannabis as a drying,
warming plant that “openeth the passage of the gall” is anticipated in
Gerard (1633, p. 709).

Culpeper was not the first to note the significance of the hempen knot.
William Bullein had earlier (1562) claimed a sociotherapeutic action for
cannabis, wittily asserting that “neckwede” is specific against necrosis of
the body politic. Under the heading “Many good medicines made of hepe”
[sic], he notes:

A Homelie Herbe: Medicinal Cannabis in Early England 47



if there by any yonkers troubled with idelnesse and loytryng, hauyng
neither learnying, nor willyng handes to labour, or that haue studied
Phisicke so longe that he can giue his Masters purse a Purgacioun, and
Countinghouse, a strong vomit. . . if there be any swashbuckler, com-
mon theef, ruffen or murtherer paste grace, the next remedie is this
lace or corde . . . this is a purger, not of Melancholy, but a finall
banisher of al them that be not fitt to liue In a common wealth. (Fol.
xxviii)

Bullein’s (1562)Booke of Simples(Fol. xxviii-ix of the Bulwarke of De-
fence) contains an exuberant listing of all the trades cannabis can serve:

without Hempe, sayle clothes, shroudes, staies, tacles, yarde lines,
warps & cables can not be made, no Plowe or Carte can be without
ropes, halters, trace etc. The Fisher and Fouler muste haue Hempe, to
make their nettes. And no Archer can wante [i.e., be without] his bowe
string: and the Malt man for his sackes. With it the bell is rong, to
seruice in the church . . .

He adds that cannabis is hot and dry, medicinally useful,inter alia, for
conditions of cold contraction (applied as a hot poultice, the leaves and
seeds “doe help against the contrarion, or shrinking of the sinewes”), and,
stamped together withArtemisia absinthum,“to asswage swelling.”

Hemp seed assumes a more sinister aspect when it appears in a narcotic
mixture of herbs to be steeped in wine, strained through a cloth woven by a
whore, and taken as part of a seventeenth-century ritual for questioning the
dead (Deacon 1968). Further work needs to be done on herbal formulae for
magical purposes, in order to determine whether the chemical components
of the various plants created a desirable synergistic effect. It may be, for ex-
ample, cannabis in some way modifies the effect ofHyoscyamus niger.

However that may be, it is certain that by 1700, cannabis had been a
stalwart of English medicine for approximately a thousand years. An un-
problematic component of ourMateria Medica,it continued to be used
throughout the eighteenth and nineteenth centuries. Salmon (1710, p. 510)
described indications for “the emulsion of the seed” primarily in terms of its
usefulness in various forms of haemorrhage and intestinal flux. He recom-
mends a cataplasm of the root of manured (i.e., cultivated) hemp, mixed
with “Barley Flower” for sciatica and pains in the hip joint. A Sheffield doc-
tor (Short 1751) eulogised cannabis as specific for chronic uterine obstruc-
tion (“not only Months, but some Yeares”), and reports a case in which
“when it could not break the Uterine or Vaginal vessels, the Woman threw
up blood from the Lungs, but had [her period] naturally the next Time”
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(p. 138). A uterine action for cannabis was known to the Egyptians. The
Ebers Papyrus, dating to 1550 BCE, notes that hemp mingled with honey,
administered intravaginally, cools and contracts the uterus (Manniche 1989).

Cannabis formed part of the antidiuretic formula in theMedicine Britan-
nica (Short 1751), and he also used it for insect bites, wounds, ulcers,
coughs and burns (p. 138): “An Emulsion of the Seed takes out fresh Marks
of the Small Pox. . . It kills Worms in the Bowels or Ears of Man or Beast.”
Again, we see this English combination of the Classical herbal tradition
with practical instruction: “the seed boiled in Milk till it burst, then strained,
and five or six Ounces of it given several times to drink, has cured the
Jaundice in many.”

Ethan Russo (2001, personal communication) has made a study of equiv-
alent European sources including Marcandier’sTraité du Chanvre,trans-
lated into English asA Treatise on Hemp(1764), which though expansive in
echoing its classical and renaissance medical indications, failed to demon-
strate an awareness of the inebriating properties of cannabis. Once more,
the English seem not to have associated their familiar domestic herb with
the intoxicant enjoyed in Egypt and the East.

THE MODERN ERA

Like all plant medicines, cannabis was less prominent following the En-
lightenment, until O’Shaughnessy’s work in 1839 revived its popularity.
Cannabis regained its status as a popular medicine in England, but this time,
the condensed aromatic cannabinoids found in the blocks of imported In-
dian resin enabled a new emphasis to be placed on its analgesic function.
Even the eminently respectable Queen Victoria used hemp sent from her
new dominion for menstrual cramps (British Medical Association [BMA]
1997), and Victorian doctors treated patients for a range of illnesses, includ-
ing epilepsy and nervous disorders, with extracts ofCannabis indica.

How did a plant which early-twentieth-century orthodox medicine en-
thusiastically summarised as an antipyretic, analgesic, antidiuretic, anti-
asthmatic, hypnotic, antianorectic, antiemetic, and anticonvulsive muscle
relaxant (BMA 1997; Grinspoon 1997) come, fifty years later, to be classi-
fied as being “of no therapeutic benefit,” unavailable for use, inaccessible to
research, and categorized as Schedule 1 of the Misuse of Drugs Act 1971?

That question must be answered with reference to the attempts of Ameri-
can and European governments to control domestic consumer behaviour
and influence the economies of other countries by enacting laws that distin-
guish acceptable drugs from those deemed pernicious. The picaresque
history of cannabis legislation, recently the subject of much scholarly scru-
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tiny, cannot be outlined here, but the historical weight of traditional usage
must surely be reevaluated in the near future, and cannabis once again be re-
stored to recognition as an herb proper to English bodies.
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UPDATE

Ethan B. Russo

This lively entry has led to other source documents on cannabis from
England. Additional entries worthy of consultation by the interested reader
include those listed below.
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Chapter 6

Future of Cannabis and Cannabinoids
in Therapeutics

Ethan B. Russo

INTRODUCTION

As is evident from preceding information in this book, an increasingly
bright future seems to be on the horizon for cannabis therapeutics, whether
herbally based or designed to utilize its various components. The pros and
cons of cannabis proper, whether smoked, ingested orally, or vaporized, have
been previously addressed. A wide variety of delivery systems is possible in
the future. The present selection will detail additional preparations, particu-
larly synthetic cannabinoids, and discuss how they and cannabis-based
pharmaceuticals may be applied in future clinical therapeutics.

Nabilone

Nabilone is a synthetic cannabinoid, pharmacologically similar to THC,
but with higher potency, a lesser likelihood to produce euphoria, and dis-
playing a lower “abuse potential” (British Medical Association [BMA]
1997). It is manufactured by Eli Lilly Company as Cesamet and is available
in the United Kingdom, Australia, Canada, and some European nations
(Grotenhermen 2001), where it is primarily utilized as an antinausea agent
in chemotherapy. Occasional reports have claimed benefit on spasticity in
multiple sclerosis and dyskinesias. Lethal reactions have occurred in chronic
canine usage (Mechoulam and Feigenbaum 1987).

Analgesic effects of nabilone in neuropathic pain patients have been
noted (Notcutt, Price, and Chapman 1997), but prominent adverse effects
included drowsiness and dysphoria. Some patients stated a clear preference
for smoked cannabis in terms of side effects and analgesic efficacy.
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Nabilone’s cost was estimated to be ten times higher than herbal cannabis at
black market rates and, all things considered, this agent would seem to have
more disadvantages in the long term.

Levonantradol

Levonantradol is another synthetic cannabinoid from Pfizer. Analgesic
benefits of up to six hours were noted in postoperative pain patients in a
prior trial (Jain et al. 1981), but without clear dose-response effects. Ad-
verse effects are prominent with this agent, including somnolence in 50 to
100 percent and dysphoria in 30 to 50 percent (BMA 1997), termed “unac-
ceptable” by that authority.

Ajulemic Acid (CT3)

Ajulemic acid is a synthetic cannabinoid derived from the more stable
THC-11-oic acid that does not bind to CB1 receptors and lacks psychoac-
tive effects. It is currently in commercial development. It has shown strong
analgesic and anti-inflammatory properties in animal models of arthritis
without COX-1 inhibition side effects such as ulcer production, and is ad-
vanced clinical trials (Burstein 2001, 2000). It shares antineoplastic effects
with THC on a variety of cell lines (Recht et al. 2001), but is half as potent
in this regard, although longer acting. Ajulemic acid has recently been dem-
onstrated to bind to the peroxisome proliferator-activated receptor gamma,
part of the nuclear receptor superfamily involved in inflammatory processes
(Liu et al. 2003), and also to suppress human monocyte interleukin-1� pro-
duction in vitro (Zurier et al. 2003). Ajulemic acid portends to be a valuable
addition to the pantheon of cannabinoid pharmaceuticals employed for an-
algesic and anti-inflammatory properties.

Dexanabinol (HU-211)

Dexanabinol is a synthetic cannabinoid agent developed at Hebrew Uni-
versity fromD8-THC, but it is a nonpsychoactive enantiomer of the fabu-
lously potent HU-210 (Pop 2000). It has demonstrated numerous interest-
ing properties including antioxidant and anti-inflammatory effects, as well
as suppression of TNF-� (tumor necrosis factor) production. Additionally,
it reduced brain damage associated with soman (Sarin)-induced seizures in
rats (Filbert et al. 1999), caused reduction of experimental autoimmune
encephalomyelitis responses (Achiron et al. 2000) suggesting application
in multiple sclerosis, and reduced damage in experimental focal ischemia
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(Lavie et al. 2001). Human trials have demonstrated mixed results. In one
such Phase II study of sixty-seven closed-head-injury patients, dexanabinol
reduced intracranial pressure and perfusion significantly with a good ad-
verse effect profile (Knoller et al. 2002), with some degree of improvement
in clinical outcome scales after three and six months.

Dexanabinol is currently in Phase III clinical trials, and further analysis
will demonstrate its relative place in the cannabinoid pharmacopoeia. As
currently formulated, parenteral injection of dexanabinol is required, and it
may not possess the multimodality efficacy of cannabis-based medicine
extracts.

HU-308

Another agent emerging from the research of Raphael Mechoulam’s lab-
oratories in Israel is HU-308, a synthetic and specific CB2 agonist lacking
cannabinoid behavioral effects in laboratory animals (Hanus et al. 1999).
Observed activities of this agent include inhibition of forskolin-stimulated
cyclic AMP production, blood pressure reduction, inhibition of defecation,
and production of peripheral analgesia with anti-inflammatory effects. Fur-
ther testing may demonstrate an important therapeutic role for this agent.

SR141716 (Rimonabant)

Heretofore, our discussion has centered on cannabinoid agonists or
analogs. However, given the profile of cannabinoid stimulation with its
decremental effects on short-term memory acquisition and stimulation of
hunger, it was expected that efforts would be mounted to clinically harness
antagonistic cannabinoid effects. SR141716, dubbed Rimonabant, is a po-
tent CB1-antagonist or inverse agonist used extensively in laboratory stud-
ies. It has demonstrated antiobesity effects in mice (Ravinet Trillou et al.
2003), and is currently in human clinical trials. Preliminary results (Le Fur
et al. 2001) demonstrate reduction of hunger and food intake in obese male
subjects in the short term, and weight reduction in the long term, with a re-
portedly benign adverse effect profile. Certainly, caveats are necessary, and
one might expect the emergence of depression and hyperalgesic states in
patients taking this agent, such as migraine and fibromyalgia. Additionally,
hypervigilance will be necessary in administering such a drug to women of
child-bearing age, as SR141716 has profound effects on neonatal feeding
and growth (Fride 2002b).
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NEW INDICATIONS FOR CANNABINOID
PHARMACEUTICALS

Emerging concepts have demonstrated the key role that endocanna-
binoids play in regulation of pain (Pertwee 2001a), hormonal regulation
and fertility (Bari et al. 2002), hunger (Fride 2002a) and gastrointestinal
function (Pertwee 2001b), and even regulation of memory (Hampson and
Deadwyler 2000), and proper extinction of aversive events (Marsicano et al.
2002).

Some of these concepts have recently been reviewed (Baker et al. 2003).
In particular, the authors distinguish that cannabis and endocannabinoids
may demonstrate an impairment threshold if too elevated, a range of normal
function below which a deficit threshold is breached. This seems to be a
simple and universal concept: for every neurotransmitter or neuromodula-
tory agent, there may be too much or too little, with corresponding clinical
pathophysiological sequelae. With respect to endocannabinoids, this con-
cept has been insufficiently explored. Previously, this author has postulated
the likelihood of clinical endogenous cannabinoid deficiency diseases (CECDD)
(Russo 2001a,b), including migraine, fibromyalgia, idiopathic bowel syn-
drome (IBS, “spastic colon”) and possibly even psychiatric conditions,
such as obsessive-compulsive disorder. In light of newer information, one
may posit the addition of many other disease conditions that are seem-
ingly unresponsive to pharmacotherapy with other agents that do not in-
fluence the endocannabinoid system: causalgia and allodynia as in bra-
chial plexus neuropathy and phantom limb pain, post-traumatic stress
disorder (PTSD), bipolar disorder (Grinspoon and Bakalar 1998), dys-
menorrhea (Russo 2002), hyperemesis gravidarum (Russo 2002; Curry
2002), unexplained fetal wastage, glaucoma (Jarvinen, Pate, and Laine
2002), and many others.

In the area of pain, it may be the case that we need to renew a therapeutic
maneuver of the nineteenth century (reviewed in Russo 2002), and sup-
ported in Cichewicz and Welch 2002) by combining cannabinoids and
opioids, particularly postoperatively or in cases of major trauma, thereby
producing analgesic synergy, reducing dosages, and adverse effect profiles
with respect to opiate-induced nausea, constipation, and dysphoria.

Recently, a new indication for cannabinoid manipulation has been claimed:
that of improved night vision. Based on simultaneous ethnobotanical
claims of fishermen that cannabis stimulated their ability to see in the dark
(West 1991; Merzouki and Molero Mesa 1999) in Jamaica and Morocco,
respectively, a two-pronged pilot study was launched (Russo et al. 2003). In
a double-blind controlled-dosage escalation study with THC as Marinol,
improvement in scotopic sensitivity was noted in one subject, while in a
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subsequent field study with smokedkif (Cannabis sativa/ Nicotiana rustica
mixture) in three subjects, improvement in both dark adaptation and
scotopic sensitivity thresholds were noted with the SST-1 Scotopic Sensi-
tivity Tester (Peters, Locke, and Birch 2000). Given the relative paucity of
CB1 receptors in the striate cortex (Glass, Dragunow, and Faull 1997) and
their particular density in rod spherules (Straiker et al. 1999), this phenome-
non seems to be of retinal rather than cortical origin. This is further sup-
ported by anecdotal claims that cannabis improves vision in retinitis
pigmentosa (RP) (Arnold 1998). Based on these findings, more formal
studies of RP with fully objective measures such as electroretinography
seem warranted. Given the neuroprotective and antioxidant effects of can-
nabis and cannabinoids, extension of therapy to senile macular degenera-
tion appears most promising.

CANNABINOIDS AND NEUROPROTECTION

In light of recent demonstration of the ability of THC and CBD to pre-
vent cell death from glutamate toxicity (Hampson et al. 1998), a whole host
of new therapeutic applications gain more than theoretical support beyond
the current studies of stroke and closed head injury discussed in relation to
dexanabinol. Therapeutic claims for cannabis in amyotrophic lateral sclero-
sis (ALS) have been advanced in a single case study (Carter and Rosen
2001), and it may prove to be that neurodegeneration may be diminished or
arrested in this disorder, Huntington disease (Glass 2001), Parkinson dis-
ease (Sieradzan et al. 2001), Alzheimer disease (Volicer et al. 1997), and
others. Neuroprotection is a valuable effect, as well, in treatment of seizure
disorders (Cunha et al. 1980; Carlini and Cunha 1981; Wallace, Martin, and
DeLorenzo 2002). The role of cannabis therapeutics in HIV encephalopathy
and slow virus (prion) diseases (bovine spongiform encephalopathy [BSE]
or “mad cow disease,” Creutzfeldt-Jakob disease, etc.) deserves exploration
based on these preliminary findings.

Emerging concepts in psychiatry support that depression is not merely
attributable to deficiencies of serotonin, norepinephrine, or dopamine (Del-
gado and Moreno 1999) but rather may represent a disorder of neuroplasti-
city, suggesting the desirability to employ neuroprotective agents. An ex-
tensive history of such use over the last 4,000 years (Russo 2001b), coupled
with this new information, lends credence to the hypothesis. With their
unique pharmacological profiles, CBMEs deserve an effort in clinical trials.

Future of Cannabis and Cannabinoids in Therapeutics 57



SPASMODIC DISORDERS

The current information supporting muscle relaxant benefits of cannabis
and cannabinoids in multiple sclerosis and spinal cord injury is extremely
compelling. Mining the data of the past (O’Shaughnessy 1838-1840; Chris-
tison 1851; Reynolds 1868, 1890), one may wonder anew about the role of
cannabinoid therapeutics in disorders such as tetanus, hiccups (Gilson and
Busalacchi 1998), stiff man syndrome, the various periodic paralyses, and dys-
tonic disorders such as torticollis, dystonia musculorum deformans, stutter-
ing, and writer’s cramp.

FORBIDDEN TERRITORIES

Obstetrics and Gynecology

This topic has been recently reviewed at length (Russo 2002a; Russo,
Dreher, and Mathre 2003). Cannabis has been employed for millennia for a
variety of related ills. Drugs are rightly eschewed when possible in preg-
nancy, but cases arise frequently wherein such treatment is necessary, even
to save the life of mother and child. Close scrutiny of the literature supports
the relative safety of cannabis in such applications, and particularly in epi-
sodic use, it is highly likely that the cost-benefit ratio in serious disorders is
quite acceptable. Controlled studies of dysmenorrhea, hyperemesis gravi-
darum, and other disorders with cannabis extracts and medicines should be
advanced.

Cannabinoid Medicines in Pediatrics

It is clear that cannabis and cannabinoids hold promise in for many in-
tractable and desperate pediatric conditions, although this concept may be
anathema to some.

Although it is frequently the butt of jokes, no one who has not been the
parent of an affected infant can truly conceive of the stress and disturbance
engendered by infantile colic. A developmental disorder appearing most of-
ten between two weeks and three months of life, this poorly understood
syndrome produces nightly bouts of inconsolable crying and apparent
abdominal cramping pain. Myriad remedies aimed at every imaginable
neurotransmitter system of brain and gut tend to fail to stem its ravages. Per-
haps infantile colic is another developmental clinical endogenous canna-
binoid deficiency disorder. With its antispasmodic, analgesic, antianxiety,
and soporific attributes, a THC:CBD cannabis extract holds promise where
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other agents have disappointed and, if so, countless new parents may be
thankful.

Another possible pediatric indication for cannabis-based medicines is
cystic fibrosis. In a recent study (Fride 2002a), an extremely compelling
and well-conceived rationale for cannabis treatment was outlined that could
vastly improve the clinical condition and well-being of affected children.
Similar benefits might accrue to other serious failure-to-thrive states.

Cannabis medicines have already demonstrated remarkable success in
allaying nausea and vomiting in children undergoing cancer chemotherapy
(Abrahamov and Mechoulam 1995). Unfortunately, this study has been largely
ignored, rather than being duplicated and extended. Any possible moral ob-
jection to such treatment holds no weight when the alternative is severe
suffering and even death of a child. The recent report of cannabidiol (CBD)
inhibition of glioma cell growth by promotion of apoptosis independent of
cannabinoid and vanilloid receptor activity (Vaccani, Massi, and Parolaro
2003), should convince all but the most hardened detractors.

A less lethal but yet still compelling potential indication is childhood
asthma. The advent of new delivery devices for cannabis medicines discussed
in this volume, combining bronchodilation with modulation of leukotrienes
and other mediators of inflammation, offer unique benefits to this disorder.

Finally, the area of child psychiatry deserves additional consideration. A
recent book,Jeffrey’s Journey: A Determined Mother’s Battle for Medical
Marijuana for Her Son(Jeffries and Jeffries 2003), documents the case
study of a young man who failed every conceivable psychopharmacological
agent to control his anger and other psychopathology. Only oral cannabis
worked, preventing his imminent institutionalization, and allowing a return
to a semblance of normal life.

This author, in his practice of child and adult neurology, has heard
dozens of unsolicited testimonials to the benefits of cannabis in attention-
deficit hyperactivity disorder (ADHD), supporting available anecdotal
accounts (Grinspoon and Bakalar 1997). Although the idea of using canna-
bis-based medicines for this indication may seem surprising to most ex-
perts, controlled trials of cannabis medicines for children with ADHD seem
clearly indicated, particularly in view of the controversies and side effects
of existing psychotropic medications. Extension of the concept to other dif-
ficult disorders of obscure pathophysiology such as autistic spectrum and
Asperger disorders may be warranted. If and when cannabis establishes its
efficacy in pediatric diseases, it shall have achieved a fair measure of re-
demption from the derision it has elicited during the past century.
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UPDATE

Ethan B. Russo

Nabilone (Cesamet) remains available in various countries, and is now be-
ing utilized in treatment of neuropathic pain. In a recent test of 2 mg of nabilone
a day in six subjects with multiple sclerosis with spasticity-associated pain, the
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drug was said to have no significant effects on neuropsychological tests affect-
ing driving skills (Kurzthaler et al. 2005).

Ajulemic acid (CT3, IP 751) remains in Phase II clinical trials as an anal-
gesic and anti-inflammatory. A useful review is available (Zurier 2003). A
possible new explanation for its activity may be apparent as an activator or
peroxisome proliferator-activated receptor gamma (PPAR� ) (Liu et al. 2003).
A key point in development of this agent hinges on its analgesic effect with-
out psychoactivity (Burstein et al. 2004). According to company materials
(http://indevus.com/), the compound will soon enter human trials as a treat-
ment for interstitial cystitis.

Dexanabinol has unfortunately failed to meet earlier hopes and expecta-
tions. In a press release (http://www.pharmoscorp.com/news/pr/pr122004.
html), and article (Maas et al. 2006) the company announced that dexanab-
inol did not demonstrate improvement in the Extended Glasgow Coma
Scale or other neurocognitive measures in an advanced Phase III clinical
trial of severe traumatic brain injury patients.

SR141716A (Rimonabant, now dubbed Acomplia) remains in Phase III
clinical trials for weight loss, metabolic syndrome, and smoking cessation.
As with all antiobesity agents assayed in human medicine to date, the drug
has no sustained effects after cessation of usage. Despite that, notable dec-
rements in weight up to 10 percent have been noted after one year of treat-
ment. The treatment group did display a doubling of anxiety over that in the
placebo group (Le Fur 2004). Additional concerns may become evident in
clinical usage once marketed, which is expected later in 2005. One case re-
port has appeared of multiple sclerosis developing in a previously asymp-
tomatic patient in a clinical trial with the drug (van Oosten et al. 2004).

The author’s theoretical concept of clinical endocannabinoid deficiency
(CECD) has been explored further in a subsequent article (Russo 2004).
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Chapter 7

Clinical Pharmacokinetics
of Cannabinoids
Franjo Grotenhermen

INTRODUCTION

Among the reasons for the decline of the medical use of cannabis in the
first half of the twentieth century were the pharmacokinetic properties of
THC in oral preparations (tinctures, fatty extracts). With oral use, cannabis
effects commence in a delayed and erratic manner, making it difficult to ti-
trate the required dose. Overdosing and underdosing of medicinal cannabis
preparations of unknown THC content were the inevitable consequences
often described by physicians of the nineteenth century (See 1890).

A basic understanding of the pharmacokinetic properties of cannabinoids is
necessary to comprehend many issues in context with their medical use,
e.g., interactions between cannabinoids and metabolic interactions of
cannabinoids with other drugs, differences in onset of action and differ-
ences in systemic bioavailability between the oral, sublingual, and rectal
route of administration and inhalation.

Other questions of general interest, among them the possible effects of
prenatal marijuana exposure and exposure to the nursing baby, possible
health and legal consequences of passive smoking, forensic questions of
drug detection, and several other topics, are easier to understand with some
insight into absorption, tissue distribution and metabolism of THC.

The focus of this chapter is� 9-THC (tetrahydrocannabinol). The phar-
macokinetics of some other natural and synthetic cannabinoids are also pre-
sented briefly.
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Cannabinoids of the 9-THC Type

Sixty-six phytocannabinoids have been detected, mainly belonging to
one of ten subclasses or types (ElSohly 2002), consisting of the cannabi-
gerol type (CBG), cannabichromene type (CBC), cannabidiol type (CBD),
� 9-THC type,� 8-THC type, cannabicyclol type (CBL), cannabielsoin type
(CBE), cannabinol type (CBN), cannabinodiol type (CBDL), or to the canna-
bitriol type (CBTL). It is unclear whether some types are artifacts, resulting
from oxidation of the respective parent compounds: CBN from� 9-THC,
CBL from CBC, and CBE from CBD, or through migration of the double
bond in� 9-THC to the more thermodynamically stable position in� 8-THC
(ElSohly 2002).

The cannabinoid acids of� 9-THC, cannabidiol (CBD), cannabichro-
mene (CBC), and cannabigerol (CBG) are the quantitatively most impor-
tant cannabinoids present in the plant (see Figures 7.1 and 7.2). Cannabinol
(CBN), emerging from THC by oxidation, is also often found, particularly
in older cannabis samples. Their relative concentrations vary, and plants
have been described that mainly contain one of these cannabinoid types.

Nine cannabinoids belong to the� 9-THC type with side chains of 1, 3, 4,
and 5 carbons (see Table 7.1). The most abundant compounds are cannabi-
noids with a C5 side chain (see Figure 7.3). Large quantities of propyl
homologues (C3 side chain) have been found in some samples from the In-
dian subcontinent (Turner et al. 1980) and from Africa (Pitts et al. 1992),
whereas the methyl (C1 side chain) and butyl homologues (C4 side chain)
are always present in very low concentrations (Vree et al. 1972; Harvey
1976). The cannabinoid composition is determined by genetic and environ-
mental factors. In one study, Zambian seedstock plants presented with total
tetrahydrocannabivarin (THCV, C3 side chain) levels greater than tetra-
hydrocannabinol (C5 side chain), but the ratio was progressively reversed in
succeeding generations of plants grown in the United Kingdom (Pitts et al.
1992). In humans,� 9-THCV is about one-fourth as pharmacologically
active as� 9-THC (Hollister 1974).

The cannabinoid acids of� 9-THC (� 9-THCA) are devoid of psycho-
tropic effects (Dewey 1986) and must be decarboxylated to the respective
phenols to produce cannabis-like effects. The phenols are also responsible
for most of the medicinal effects. More than 90 percent of the THC in can-
nabis plants grown in Europe is present as THC acids, while cannabis
grown in hot climates of Africa and Asia contain considerable amounts of
phenolic THC. The ratio of� 9-THC acids to phenolic� 9-THC in leaves and
flowers ofCannabis sativahas been reported to range from 2:1 in Africa
(Pitts et al. 1992) to greater than 20:1 in Switzerland (Brenneisen 1984). In
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plants grown in the United Kingdom from Moroccan, Sri Lankan, and Zam-
bian seedstock, the THCA:THC ratio was 17:1, compared with 2:1 in plants
from the original areas (Pitts et al. 1992). In several samples of cannabis
resin (hashish) the THCA:THC ratio was reported to range between 6.1:1
and 0.5:1, the latter in hashish from India (Baker et al. 1981).

THC decarboxylation in cannabis occurs naturally over time, upon heat-
ing (Agurell and Leander 1971; Brenneisen 1984) or under alkaline condi-
tions. Slow decarboxylation of� 9-THC occurs at room temperature. Five
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FIGURE 7.1. Average concentrations of the four cannabinoids THC, CBD, CBG,
and CBN in confiscated marijuana and sinsemilla between 1980 and 1997 in the
United States. (Source: Drawn according to data of ElSohly et al. 2000.)
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TABLE 7.1. Cannabinoids of the � 9-trans-tetrahydrocannabinol type.

Cannabinoid Abbreviation R 1 R2 R3

� 9-trans-tetrahydrocannabinolic acid A � 9-THCA COOH C5H11 H
� 9-trans-tetrahydrocannabinolic acid B � 9-THCA H C5H11 COOH
� 9-trans-tetrahydrocannabinol � 9-THC H C5H11 H
� 9-trans-tetrahydrocannabinolic acid-C4 COOH or H C4H9 H or COOH
� 9-trans-tetrahydrocannabinol-C4 � 9-THC-C4 H C4H9 H
� 9-trans-tetrahydrocannabivarinic acid COOH C3H7 H
� 9-trans-tetrahydrocannabivarin � 9-THCV H C3H7 H
� 9-trans-tetrahydrocannabiorcolic acid COOH or H CH3 H or COOH
� 9-trans-tetrahydrocannabiorcol � 9-THC-C1 H CH3 H

Source: Turner et al. 1980.

R = H or COOH

R = C , C , , C or C side chain

R = H or CH

1

2 1 3, 4 5

3 3

R = H or C
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FIGURE 7.2. Some natural cannabinoids.



minutes of heating to 200-210°C have been reported to be optimal for this
conversion (Brenneisen 1984), but a few seconds in the blaze of a cannabis
cigarette are sufficient as well. Cannabis products with a high content of
phenolic THC (e.g., hashish) may be very potent without heating, but usu-
ally the potency and medicinal efficacy of cannabis products is significantly
increased with smoking the dried plant matter, or by cooking and baking the
material.

Natural � 9-THC has two chiral centers at C-6a and C-10a in thetrans
configuration. Usually the acronymTHCis applied for this naturally occur-
ring (2 )-trans-isomer of� 9-THC.

Physicochemical Properties and Degradation of9-THC

(2 )-� 9-Trans-tetrahydrocannabinol is defined as (6aR,10aR)-6a,7,8,
10a-tetrahydro-6,6,9-trimethyl-3-pentyl-6H-dibenzo[b,d]pyran-1-ol with
the chemical short formula C21H30O2 and a molecular weight of 314.47 Da.
According to the German pharmaceutical monograph, dronabinol contains
at least 95 percent of� 9-THC, a maximum of 2 percent� 8-THC and a maxi-
mum of 3 percent other substances, mostly cannabinol and cannabidiol
(Kommission Deutscher Arzneimittel-Codex 2001). Dronabinol as Mar-
inol is available by prescription for medicinal use in several countries, in-
cluding the United States, Canada, and some European countries.

At room temperature,� 9-THC is a light yellow, resinous sticky oil.� 9-
THC and many of its metabolites are highly lipophilic and essentially water
insoluble (Garrett and Hunt 1974). Solubility was found to be 2.8 mg/L in
water at 23°C (Garrett and Hunt 1974). Calculations of the n-octanol/water
partition coefficient (Kow) of � 9-THC at neutral pH vary between 6,000
using shake-flask methodology (Mechoulam 1981) and 9.44 million by
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reverse-phase high-pressure liquid chromatographic estimation (Thomas
et al. 1990). The wide range for aqueous solubility and Kow may be attrib-
uted to the difficulty of uniformly dissolving this essentially water-insolu-
ble substance and accurately measuring small amounts of it. The spectro-
photometric pKa is 10.6 (Garrett and Hunt 1974).

� 9-THC is thermolabile and photolabile. Storage leads to a decrease in
cumulative THC content through oxidation of THC to CBN (Agurell and
Leander 1971; Fairbairn et al. 1976). Within forty-seven weeks, the THC
content of dried cannabis leaves and flowers decreased by 7 percent with
dark and dry storage at 5°C, and by 13 percent at 20°C (Fairbairn et al. 1976).
With additional light exposure, the loss increased threefold to 36 percent.
Degradation in hashish occurs much more quickly (Agurell and Leander
1971) since the cannabinoids are no longer protected against oxidation by
glandular trichomes. The manufacturer recommends that dronabinol be
stored tightly closed, protected from light, and in preferably completely
filled containers (N. N. Monographs 2001). Stability of THC and two me-
tabolites (11-OH-THC, THC-COOH) in blood and plasma was high for the
first month of storage at2 10°C, 4°C, and room temperature (Johnson et al.
1984). Concentrations of THC stored at room temperature had decreased
significantly at two months but was unaltered at 4°C and2 10°C for up to
four months.

� 9-THC rapidly degrades in acid solutions. The kinetics seems to be first
order and specific hydrogen-ion catalyzed (Garrett and Hunt 1974), so that
significant degradation of THC was assumed to occur in the normal stom-
ach with a t1/2 of 1 hr at pH 1.0 (Garrett and Hunt 1974). Thus, a long expo-
sure of THC in the stomach may considerably decrease the potency of oral
cannabis preparations, e.g., when taken together with meals that are diffi-
cult to digest.

PHARMACOKINETICS OF 9-THC

Most available information on the pharmacokinetics of cannabinoids
pertains to� 9-THC (Figure 7.4). Other cannabinoids, among them the
phytocannabinoids cannabidiol (Samara et al. 1988) and cannabinol (Jo-
hansson et al. 1987) and the synthetic derivative dexanabinol (HU-211)
(Brewster et al. 1997), show similar kinetic profiles as the major psycho-
tropic constituent of cannabis. Kinetics of cannabinoids are basically much
the same for female and male humans (Wall et al. 1983).

Cannabis products are commonly either inhaled by smoking a cannabis
cigarette, taken orally as dronabinol capsules (Marinol), or in baked foods
or liquids (see Figure 7.4), doses ranging in the order of 2.5 to 40 mg THC.
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Various other routes of administration and delivery forms have been tested
for therapeutic purposes. The rectal route with suppositories has been ap-
plied in some patients (Brenneisen et al. 1996), while dermal (Stinchcomb
et al. 2001) and sublingual (Guy and Flint 2000) applications are under in-
vestigation. Other methods include eye drops to decrease intraocular pres-
sure (Merritt et al. 1981), as well as aerosols and inhalation with vaporizers
to avoid the harm associated with smoking (Williams et al. 1976; Lichtman
et al. 2000). In February 2002, Unimed Pharmaceuticals, the marketer of
Marinol capsules, announced its intention to develop a metered dose inhaler
(MDI) of dronabinol (Grotenherman 2002c).

ABSORPTION

Absorption and metabolism of THC varies according to route of admin-
istration. The course of plasma concentration following inhalation is simi-
lar to that with intravenous administration with a high peak plasma concen-
tration developing within minutes, which then drops quickly (Wall et al.
1983; Ohlsson, Lindgren, et al. 1980). Oral ingestion results in delayed ab-
sorption with a flat plasma course achieving its maximum usually after one
to two hours (Ohlsson, Lindgren, et al. 1980; Wall et al. 1983; Frytak et al.
1984) (see Table 7.2).
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Inhalation

Rapid absorption of THC occurs with smoking. THC is detectable in
plasma only seconds after the first puff of a cannabis cigarette (Huestis et al.
1992a), with peak plasma concentrations occurring three to ten minutes
after onset of smoking (Hollister et al. 1981; Lindgren et al. 1981; Ohlsson
et al. 1980; Chiang and Barnett 1984; Perez-Reyes et al. 1982; Huestis et al.
1992a) (see Figure 7.5).

Systemic bioavailability in several studies ranged between 2 and 56 per-
cent after smoking a marijuana cigarette, generally between about 10 and
35 percent, with regular users more efficient (see Table 7.2). Bioavailability
varies according to depth of inhalation, puff, and breath-holding duration.
About 30 percent of THC in a cannabis cigarette is assumed to be destroyed
by pyrolysis. With normal smoking behavior, additional THC is lost in the
butt, by side-stream smoke, and by incomplete absorption in the lungs.

A systemic bioavailability of 23± 16 percent (Lindgren et al. 1981) and
27± 10 percent for heavy users (Ohlsson et al. 1982), versus 10± 7 percent
and 14± 1 percent for occasional users of the drug, was reported. In a study
with a smoking machine, patterns of cannabis smoking were simulated with
regard to puff duration and volume (Davis et al. 1984), resulting in a figure
of 16 to 19 percent of THC retention in the mainstream smoke. If the whole
cigarette was smoked in one puff, the percentage of THC in the mainstream
increased to 69 percent. Smoking a pipe that produces little side stream
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TABLE 7.2. Systemic bioavailability of � 9-THC following inhalation, oral, and
rectal administration.

Route Subjects

Systemic bioavailability
(%)

Formulation ReferencesAverage Range
Oral 11 frequent or

infrequent users
6 ± 3 4-12 THC in chocolate

cookie
Ohlsson, Lindgren,
et al. 1980

6 men, 6 women 10-20 THC in sesame oil Wall et al. 1983
7 men, 10 women 7 ± 3 2-14 THC in sesame oil Sporkert et al. 2001

Inhalation 9 heavy users 23 ± 6 6-56 Marijuana cigarette Lindgren et al. 1981
9 light users 10 ± 7 2-22 Marijuana cigarette Lindgren et al. 1981
5 heavy users 27 ± 10 16-39 Marijuana cigarette Ohlsson et al. 1982
4 light users 14 ± 1 13-14 Marijuana cigarette Ohlsson et al. 1982
11 frequent or
infrequent users

18 ± 6 8-24 THC in cigarette Ohlsson, Lindgren,
et al. 1980

Rectal 2 patients with
spasticity

190-220%
of oral

bioavailability

THC-hemisuccinate Brenneisen et al.
1996



smoke may also result in high effectiveness with 45 percent of THC trans-
ferred via the mainstream smoke in one smoker tested (Agurell and Leander
1971).

Passive smoking has been shown to result in measurable THC plasma
concentrations (Cone and Johnson 1986; Perez-Reyes et al. 1983) and sub-
sequent detection of THC metabolites in the urine (Magerl et al. 1987; Cone
et al. 1987; Perez-Reyes et al. 1983). Passive exposure of five drug-free vol-
unteers for one hour to 16 marijuana cigarettes in a small unventilated room
on six consecutive days resulted in maximal plasma concentrations of 18.8 ng/
mL in one participant and several urine positives with the EMIT cannabin-
oid assay using a cutoff of 20 ng/mL (Cone and Johnson 1986). However,
passive inhalation experiments under conditions likely to reflect realistic
exposure consistently resulted in values less than 10 ng/mL of cannabinoids
in urine (Mule et al. 1988).
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Oral Administration

With oral cannabis use, absorption is slow and erratic, resulting in maximal
plasma concentrations usually after 60 to 120 minutes (Ohlsson, Lindgren, et
al. 1980; Wall et al. 1983; Timpone et al. 1997) (see Figure 7.6). In several
studies maximal plasma levels were observed as late as four hours (Law et
al. 1984), and even six hours in some cases (Ohlsson, Lindgren, et al. 1980;
Frytak et al. 1984). Several subjects showed more than one plasma peak
(Ohlsson, Lindgren, et al. 1980; Hollister et al. 1981). Three daily doses of
15 mg of oral THC did not result in significantly higher THC plasma levels
than a single dose (Frytak et al. 1984).

� 9-THC is expected to be degraded by the acid of the stomach and in
the gut (Garrett and Hunt 1974). At low pH, isomerization to� 8-THC
and protonation of the oxygen in the pyran ring may occur with cleavage
to substituted CBDs (Garrett and Hunt 1974). It has been suggested that
a somewhat higher bioavailability is obtained in an oil formulation
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(Harvey and Brown 1991); however, absorption seems to be nearly com-
plete in different vehicles. Ninety-five percent of total radioactivity of
radiolabeled THC was absorbed from the gastrointestinal tract in an oil
vehicle (Wall et al. 1983) and 90 to 95 percent if taken in a cherry syrup
vehicle (Lemberger et al. 1972), but it is unclear from these data how
much of this radioactivity was attributable to unchanged THC as op-
posed to its breakdown products.

An extensive first pass liver metabolism further reduces oral bioavail-
ability of THC, i.e., much of the THC is initially metabolized in the liver be-
fore it reaches the sites of action. Ingestion of 20 mg THC in a chocolate
cookie (Ohlsson, Lindgren, et al. 1980) and administration of 10 mg drona-
binol (Sporkert et al. 2001) resulted in a systemic bioavailability of 6± 3
percent (range: 4 to 12 percent) or 7± 3 percent (range: 2 to 14 percent) with
a high inter-individual variation (see Table 7.2).

Ophthalmic Administration

A study in rabbits with THC in light mineral oil determined a variable
systemic bioavailability of 6 to 40 percent with ophthalmic administration
(Chiang et al. 1983). Plasma concentrations peaked after one hour and re-
mained high for several hours.

Rectal Administration

With rectal application, systemic bioavailability strongly differed de-
pending on suppository formulations. Among formulations containing sev-
eral polar esters of THC in various suppository bases, THC-hemisuccinate
in Witepsol H15 showed the highest bioavailability in monkeys and was
calculated to be 13.5 percent (ElSohly et al. 1991). The rectal bioavail-
ability of this formulation in man was calculated to be about as twice as
high (190 to 220 percent) as oral bioavailability in a small clinical study
(Brenneisen et al. 1996).

Sublingual Administration

Clinical studies are under way using a liquid cannabis extract applied
under the tongue. A phase 1 study in six healthy volunteers receiving up to
20 mg THC was reported to result in “relatively fast” effects (Guy and Flint
2000). In phase 2 studies, THC plasma concentrations of up to 14 ng/mL
were noted (Notcutt et al. 2001).
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Dermal Administration

A few experimental studies have investigated the skin permeation behav-
ior of THC (Touitou et al. 1988; Touitou and Fabin 1988; Stinchcomb et al.
2001). In a study using the more stable� 8-THC isomer, the permeability
coefficient of THC was significantly enhanced by water and by oleic acid
in propylene glycol and ethanol (Touitou et al. 1988). Significant THC
concentrations in the blood of rats treated with formulations containing
26.5 mg/g THC were measured. Recent studies designed to develop trans-
dermal delivery of cannabinoids found a mean effective permeability co-
efficient for � 9-THC in propylene glycol of 6.33 102 6 cm/h (Stinchcomb
et al. 2001).

DISTRIBUTION

Tissue distribution of THC and its metabolites are assumed to be gov-
erned only by their physicochemical properties, with no specific transport
processes or barriers affecting the concentration of the drug in the tissues
(Leuschner et al. 1986).

About 90 percent of THC in the blood is distributed to the plasma, an-
other 10 percent to red blood cells (Widman et al. 1974); 95-99 percent of
plasma THC is bound to plasma proteins, mainly to lipoproteins (Widman
et al. 1974; Hunt and Jones 1980; Wahlqvist et al. 1970; Fehr and Kalant
1974) and less to albumen. Only 5 percent or less of THC is free for phar-
macological activity. The metabolite 11-OH-THC appears to be even more
strongly bound than the parent molecule (Harvey 1984). Protein binding of
THC metabolites was lower in early phases, with values of 88 to 93 percent
after 21 and 70 min of intravenous THC application, compared to 92 to 99
percent after 240 to 1,500 min (Hunt and Jones 1980).

The course of plasma concentrations of cannabinoids has been described
to correspond to an open two (Wall et al. 1983; Lemberger et al. 1971), three
(Barnett et al. 1982; Timpone et al. 1997; Brewster et al. 1997) or four
(Hunt and Jones 1980) compartment model. Even five and six compartment
concepts have been found in computer models to best fit the THC plasma
course in animals (Leuschner et al. 1986). Following an absorption phase, a
distribution phase is distinguished from a plasma elimination phase (two
compartment model), that may be distinguished from one or more interme-
diate phases.

The apparent (initial) volume of distribution of THC is small for a
lipophilic drug, equivalent to the plasma volume of about 2.5 to 3 L, reflect-
ing high protein binding that complicates initial disposition. It was reported
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to be 2.55± 1.93 L in drug-free users (Hunt and Jones 1980) and 6.38± 4.1 in
chronic users (Hunt and Jones 1980). The steady-state volume of distribution
has been estimated to be more than 100 times larger, in the range of about 10
L/kg (Lemberger et al. 1971; Hunt and Jones 1980; Wall et al. 1983). These
early data have been questioned because of possible inaccuracy of the quantifi-
cation methods used. With the use of radiolabeled THC, some metabolites
might have been considered to be THC. Based on pharmacokinetic data of two
studies (Hollister et al. 1981; Lindgren et al. 1981) that applied gas chromatog-
raphy/mass spectrometry (GC/MS) for analysis of THC concentration an aver-
age volume of distribution of 236 L or 3.4 L/kg (assuming a 70 kg body
weight) has been calculated (Sticht and Käferstein 1998). Even smaller steady-
state volumes of distribution of about 1 L/kg have been reported with GC/MS
(Kelly and Jones 1992). This volume is still about 20 times the plasma volume
since the majority of the lipophilic drug is in the tissues.

Distribution to Tissues and Redistribution

The lipophility of THC with high binding to tissue, and in particular to
fat, causes a change of distribution pattern over time (Ryrfeldt et al. 1973).
THC distribution may be divided into several phases representing several
pharmacokinetic compartments (Leuschner et al. 1986) or different com-
posites of tissues into which the cannabinoid is distributed (Chiang and
Rapaka 1987). Hunt and Jones (1980) estimated that 70 percent of THC ini-
tially leaving the central compartment is taken up by tissues and 30 percent
is converted via metabolism. THC rapidly penetrates highly vascularized
tissues, among them liver, heart, fat, lung, jejunum, kidney, spleen, mam-
mary gland, placenta, adrenal cortex, muscle, thyroid, and pituitary gland,
resulting in a rapid decrease in plasma concentration (Ho et al. 1970). Low
concentrations were found in the brain, testis and the fetus (Hutchings et al.
1989; Bailey et al. 1987; Ho et al. 1970). Only about 1 percent of THC ad-
ministered through IV is found in the brain at the time of peak psycho-
activity (Gill and Jones 1972). Penetration of the major THC metabolite 11-
OH-THC into the brain seems to be faster and higher than that of the parent
compound (Perez-Reyes et al. 1976). A ratio of 6:1 has been reported by
Gill and Jones (1972). In humans, 11-OH-THC has a similar kinetic profile
(Wall et al. 1976) and is as potent as THC in eliciting psychoactive and
other effects (e.g., decrease of intraocular pressure) (Perez-Reyes et al.
1972). Thus, it can be expected that the metabolite will significantly con-
tribute to the overall central effects of THC, especially with oral use, but
also with inhalation to a lesser degree.
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Subsequently intensive accumulation occurs in less vascularized tissues,
and finally in body fat (Agurell et al. 1970; Johansson, Noren, et al. 1989;
Kreuz and Axelrod 1973), the major long-term storage site, resulting in
concentration ratios between fat and plasma of up to 104:1 (Harvey et al.
1982), while the concentration in the brain was reported to be only three to
ten times higher than in plasma (Harvey 1984). Studies with tritium labeled
THC determined maximal levels of radioactivity in kidneys and lung after
2 h, whereas after 72 h highest levels were found in spleen and body fat
(Agurell et al. 1970), levels in body fat still increasing after 28 days of
chronic administration (Kreuz and Axelrod 1973). In humans, up to 193
ng/g of wet tissue were found in fat tissues four weeks after smoking radio-
labeled THC (Johansson, Noren, et al. 1989). The relatively low concentra-
tion in the brain is supposed to be due to the fact that the brain is well
perfused, moving THC in and out of the brain quickly (Chiang and Rapaka
1987).

The exact composition of the material accumulated in fat is unknown
(Harvey 1991), among the possibilities being unaltered THC and its hy-
droxy metabolites (Kreuz and Axelrod 1973). A substantial proportion of
the deposits in fat seems to consist of fatty acid conjugates of 11-OH-THC
(11-palmityloxy-THC, 11-stearyloxy-THC, 11-oleyloxy-THC, 11-linoley-
loxy-THC) (Haggerty et al. 1986; Leighty et al. 1976). These conjugates
have a more lipophilic character than THC itself (Leighty et al. 1976).

Distribution to Fetus and Breast Milk

In animal and man,� 9-THC rapidly crosses the placenta (Blackard and
Tennes 1984). The course of THC levels in fetal blood fairly coincides with
that in the maternal blood, though fetal plasma concentrations were found
to be lower compared to the maternal level in rats (Hutchings et al. 1989),
sheep (Abrams et al. 1985-1986), dogs (Martin et al. 1977), and monkeys
(Bailey et al. 1987). The metabolites 11-OH-THC and THC-COOH cross
the placenta much less efficiently than THC (Bailey et al. 1987; Martin
et al. 1977).

Following oral intake, THC plasma concentrations in the fetus seem to
be much lower, about one-tenth of the maternal plasma concentration
(Hutchings et al. 1989), compared to intravenous and inhalation THC
intake, with about one-third of the maternal plasma concentration (Martin
et al. 1977; Abrams et al. 1985-1986), reflecting differences in metabolism.
In humans, THC in cord blood was found to be one-third to one-sixth the
concentrations in maternal blood (Blackard and Tennes, 1984). Thus, oral
intake may be less toxic for the fetus compared to inhalation. Additionally,
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there seems to be a considerable variation in fetal exposure to maternal
THC in dependency of placenta function. In a twin study with six dizygotic
pairs (where each of the twins has an individual placenta) there were large
differences between the pairs in cannabinoid concentrations in hair and
meconium (Boskovic et al. 2001). Given that twins are theoretically ex-
posed to similar maternal drug levels, these findings suggest that the pla-
centa may have a major role in modulating the amounts of THC reaching
the fetus. The ratio of concentrations in maternal and fetal plasma was
maintained with multiple administrations (Martin et al. 1977; Hutchings
et al. 1989), indicating that the maternal plasma THC and not the fetal tissue
is the actual source for the fetal plasma THC.

THC passes into breast milk. In monkeys, 0.2 percent of the THC in-
gested by the mother appeared in the milk (Chao et al. 1976). Chronic ad-
ministration leads to accumulation (Perez-Reyes and Wall 1982). In a hu-
man female, the THC concentration in milk was 8.4 times higher than in
plasma (Perez-Reyes and Wall 1982a). Thus, the nursing infant might in-
gest daily THC amounts in the range of about 0.01-0.1 mg from the milk of
her mother who is consuming 1 to 2 cannabis cigarettes a day, assuming an
average daily ingestion of 700 mL milk.

Distribution to Saliva and Sweat

THC was detected in oral fluid (saliva) and forehead wipes (sweat) in 16
of 198 injured drivers admitted to an emergency hospital (Kintz et al. 2000).
Concentrations varied between 1 and 103 ng per salivette in oral fluid and
between 4 and 152 ng per pad in sweat of the forehead applying GC/MS
technology. In a study by Niedbala et al. (2001) with ten volunteers who had
been administered single doses of marijuana by smoked and oral routes,
THC was detectable in oral fluid for an average of 34 h with a high inter-
individual variability (range: 1-72 hours), and THC-COOH for 13 h (range:
1-24 hours) by gas chromatography-tandem mass spectrometry (GC-MS-
MS) with a 0.5 ng/mL cutoff concentration.

Results of roadside studies using screening devices (immunoassays) for
saliva and sweat have provided conflicting results with regard to sensitivity.
While screening methods show high sensitivity and specifity for the hydro-
philic amphetamines and opiates, they are less sensitive for the lipophilic
cannabinoids (Gronholm and Lillsunde 2001). High rates of false negative
and false positives have been observed (Samyn and van Haeren 2000; Mura
et al. 1999), while others reported good correlation of screening results with
later GC/MS analysis of the blood; at least positive results in the screening
could mostly be confirmed by GC/MS (Steinmeyer et al. 2001).
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METABOLISM

Metabolism of THC occurs mainly in the liver by microsomal hydroxy-
lation and oxidation catalyzed by enzymes of the cytochrome P-450 com-
plex (Matsunaga et al. 1995; Narimatsu et al. 1992), a member of the
CYP2C subfamily of isoenzymes playing the major role in humans (Wata-
nabe et al. 1995). Because of its high lipophility, THC needs considerable
structural modification to ease excretion. Metabolism of THC occurs quickly.
In rats, more than 80 percent of intravenous THC was metabolized within
five minutes (Alozie et al. 1980).

Metabolic rates show relevant interspecies differences that may be in
part responsible for some problems of interspecies extrapolation of pharma-
cological and toxicological effects (Grotenhermen 2002b). Borys and Kar-
ler (1979) found three times higher metabolic rates in mice than in rats.
Differences in composition of metabolic compounds may be attributed to
different profiles of cytochrome P-450 isoenzymes (Harvey and Brown
1991). In humans, allylic oxidation, epoxidation, alphatic oxidation, decar-
boxylation and conjugation have been described (Chiang and Rapaka 1987)
(see Figures 7.7 and 7.8).

Besides the liver, other tissues are able to metabolize cannabinoids, but
to a much lesser degree, among them the heart and the lung (Nakazawa and
Costa 1971; Widman et al. 1975; Harvey and Paton 1976). Nearly 100 me-
tabolites have been identified for THC (Harvey and Brown 1991). Bio-
transformation of THC produces mono-, di-, and trihydroxy metabolites
(Wall et al. 1972; Lemberger et al. 1970; 1971). Further oxidation results in
a series of carboxylic acids and their hydroxy derivatives (Wall and Perez
Reyes 1981).
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Major metabolites are monohydroxylated compounds, but the pattern of
hydroxylation varies considerably between species (Harvey and Brown
1991). In man (Widman et al. 1978; Halldin, Andersson, et al. 1982; Wall
1971) and many other species, among them mouse, rat, guinea pig, rabbit,
and gerbil (Harvey and Paton 1976; Harvey and Brown 1991), C-11 is the
major site attacked (see Figure 7.7). Hydroxylation results in 11-hydroxy-THC
(11-OH-THC), and further oxidation in 11-nor-9-carboxy-THC (THC-COOH).
THC-COOH may be glucuronated to 11-nor-9-carboxy-THC beta-glucuronide.
Long-chain fatty acid conjugates of 11-OH-THC are proposed to be a form
in which THC may be stored within tissues (Leighty 1973). The C-8 posi-
tion is also attacked in humans but to a much lesser degree than C-11
(Widman et al. 1978; Halldin, Carlson, et al. 1982).

Average plasma clearance rates have been reported to be 197± 50
mL/min for females and 248± 62 mL/min for males (Wall et al. 1983) while
others reported higher clearance rates of 760-1190 mL/min (Ohlsson et al.
1982) or 605± 149 mL/min for naive THC users and 977± 304 mL/min for
chronic users (Hunt and Jones 1980) (Table 7.3). The higher values are sim-
ilar to the volume of hepatic blood flow, indicating that it is the limiting step
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TABLE 7.3. Pharmacokinetic data for � 9-THC.

Subjects
Dosage

(mg)

AUC
(ng/ml) 3

min
Cmax

(ng/ml)
t1/2

(h)
VD

(L)
ClT

(ml/min) References
Intrave-
nous

4 non-
users

0.5 57 ± 4 658 ± 174 Lemberger et
al. 1971

5 regular
users

0.5 27 ± 1 597 ± 76 Lemberger et
al. 1971

6 males
(drug free)

2 19.6 ± 4.1 626 ± 296 605 ±
149

Hunt and
Jones 1980

6 males
(chronic)

2 18.7 ± 4.2 742 ± 331 977 ±
304

Hunt and
Jones 1980

6 males 4 70 ± 30 36 734 ± 444 248 ± 62 Wall et al.
1983

6 females 2.2 85 ± 26 29 523 ± 217 197 ± 50 Wall et al.
1983

11 males 5 4330 ± 620 161-316 Hollister et al.
1981;
Ohlsson,
Lindgren, et
al. 1980

9 heavy
users

5 4300 ±
1670

288 ±
119

Lindgren
et al. 1981

9 light
users

5 6040 ±
2.21

302 ± 95 Lindgren
et al. 1981

5 heavy
users

5 5180 ± 830 > 20 980 ±150 Ohlsson
et al. 1982

4 light
users

5 5460 ±
1180

> 20 950 ±
200

Ohlsson
et al. 1982

4 heavy
users

5 9908 ±
3785

438 ± 36 1.9 ± 0.3 75 ± 16 777 ±
690

Kelly and
Jones 1992

4 light us-
ers

5 7094 ±
2248

386 ± 29 1.6 ± 0.5 74 ± 35 771 ±
287

Kelly and
Jones 1992

Oral 6 males 20 14.5 ±
9.7

25 Wall et al.
1983

6 females 15 9.4 ± 4.5 25 Wall et al.
1983

11 males 20 1020 ± 320 4.4-11 Hollister et al.
1981;
Ohlsson,
Lindgren, et
al. 1980

3 males 3 3 15 4-6 Frytak et al.
1984

3 males,
3 females

15 3-5 Frytak et al.
1984

20 AIDS
patients

2 3 2.5 2.01
(0.58-
12.48)

Timpone
et al. 1997



of the metabolic rate. These high clearance rates explain the high degree of
first-pass metabolism, the low systemic bioavailability of THC after oral
use, and the much higher concentration of 11-OH-THC after oral adminis-
tration compared to inhalation.

Only slight differences in pharmacokinetic parameters were observed after
single and repeat dosing, indicating that the tolerance after chronic THC ad-
ministration is not or only slightly due to altered metabolism or excretion after
repeated dosing (Hunt and Jones 1980). Neither enzyme induction nor enzyme
inhibition appear to have much effect on metabolic clearance of THC.

COURSE OF PLASMA CONCENTRATION
OF THC AND METABOLITES

Intravenous infusion of 5 mg THC over 2 min caused average plasma
levels within 2 min after the end of infusion of 438 ng/mL in frequent and of
386 ng/mL in infrequent users, that fell rapidly to an average of 25 and 20
ng/mL at 90 min (Kelly and Jones 1992).

The course of plasma THC levels after inhalation resembles that after IV
administration (Perez-Reyes et al. 1982; Huestis et al. 1992a). Smoking a
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Subjects
Dosage

(mg)

AUC
(ng/ml) 3

min
Cmax

(ng/ml)
t1/2

(h)
VD

(L)
ClT

(ml/min) References
7 men,
10 women

10 610 ± 310 4.7 ± 3.0 Sporkert
et al. 2001

Inhala-
tion

11 males 19 1960 ± 650 33-118 Hollister et al.
1981;
Ohlsson,
Lindgren,
et al. 1980

9 heavy
users

19 2160 ±
1030

98 ± 44 Lindgren
et al. 1981

9 light
users

19 1420 ± 740 67 ± 38 Lindgren
et al. 1981

5 heavy
users

10 2450 ± 530 Ohlsson
et al. 1982

4 light
users

10 1420 ± 340 Ohlsson
et al. 1982

6 males 15.8 84 (50-
129)

Huestis et al.
1992a

6 males 33.8 162 (76-
267)

Huestis et al.
1992a

AUC = Area under the curve; Cmax = Maximum plasma concentration; t1/2� = plasma elimination
half-life; ClT = total clearance; VD = volume of distribution.



single cannabis cigarette containing 16 to 34 mg THC caused average peak
levels of 84.3 ng/mL (range: 50.0 to 129.0) for the lower dose and 162.2
ng/mL (range: 76.0 to 267.0) for the higher dose, than rapidly decreased to
low levels of about 1 to 4 ng/mL within 3 to 4 hours (Huestis et al. 1992a)
(see Figure 7.5).

The maximal THC plasma level after smoking a marijuana cigarette
(3.55 percent THC) was reported to exceed the maximal THC-COOH level
by threefold and 11-OH-THC by twentyfold (Huestis et al. 1992a). How-
ever, THC/11-OH-THC ratios declined and reached a ratio of about 2:1 af-
ter 2 to 3 hours (Huestis et al. 1992a). Peak concentrations for THC were
observed 8 minutes (range: 6 to 10) after onset of smoking. After onset of
smoking, 11-OH-THC peaked 15 minutes (range: 9 to 23) and THC-COOH
peaked 81 min (range: 32 to 133) (Huestis et al. 1992a).

After oral application the THC plasma concentration shows a flat course
with peaks ranging from 4.4 to 11 ng/mL following 20 mg THC (Ohlsson,
Lindgren, et al. 1980), from 2.7 to 6.3 ng/mL with 15 mg THC (Frytak et al.
1984) and from 0.58 to 12.48 ng/mL with 2.5 mg THC (Timpone et al. 1997).
The plasma course of THC and 11-OH-THC is much more variable than after
smoking (see Figure 7.9). Much higher amounts of 11-OH-THC are formed as
with inhalative or intravenous application (Wall et al. 1983; Frytak et al. 1984;
Brenneisen et al. 1996). In a study by Wall et al. (1983) the ratio of THC and
11-OH-THC plasma levels in men and women was about 2:1 to 1:1. In several
clinical studies (Frytak et al. 1984; Timpone et al. 1997) 11-OH-THC levels
even exceeded the THC levels in patients. In a clinical study with 2.5 mg
dronabinol daily medium maximal THC levels were 2.01 ng/mL compared to
4.61 ng/mL 11-OH-THC (Timpone et al. 1997).

ELIMINATION

Elimination from Plasma

About six hours after intravenous dosing of THC a pseudoequilibrium is
reached between plasma and tissues (Chiang and Rapaka 1987). Concentration
in plasma usually has dropped below 2 ng/mL at this time and then de-
creases more slowly with increasing time from use (Perez-Reyes et al;
1982b; Huestis et al. 1992a). Residual THC plasma levels may persist in
frequent cannabis users for several days after last use and may cause diffi-
culties in predicting time of inhalation from THC plasma levels (Huestis
et al. 1992b).

After smoking a low-dose cannabis cigarette (1.75 percent THC, about
16 mg) the detection limit of 0.5 ng/mL THC in plasma was reached after
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7.2 h (range: 3 to 12 h) and following a high dose cigarette (3.55 percent
THC, about 34 mg) a plasma concentration of 0.5 ng/mL THC was reached
within 12.5 h (range: 6 to 27 h). Metabolites disappear more slowly. THC-
COOH was detectable for 3.5 days (range: 2 to 7 d) after the low dose and
for 6.3 days (range 3 to 7 days) after smoking the high dose cigarette
(Huestis et al. 1992a). After a single oral dose of 20 mg overall� 9-THC me-
tabolites reached the detection limit of 0.4 ng/mL in plasma after five days
(Law et al. 1984).

The major reason for the slow elimination of THC from the plasma is the
slow rediffusion of THC from body fat and other tissues into the blood
(Leuschner et al. 1986).

The true elimination half-life of THC from the plasma is difficult to cal-
culate, as the concentration equilibrium ratio plasma/fatty tissue is only
slowly reached, resulting in very low plasma levels that are difficult to ana-
lyze. In a study by Wall et al. (1983) the terminal phase t1/2� ranged from 25
to 36 h for THC, from 12 to 36 h for 11-OH-THC and from 25 to 55 h for
THC-COOH after oral or intravenous dosing in man and women. The
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plasma concentration was followed for 72 h in this study, not long enough
to determine the half life accurately. Similar elimination half lives for THC
in the range of 20 to 30 h covering similar periods have been reported by
others (Lemberger et al. 1971; Hunt and Jones 1980; Ohlsson et al. 1982).

Longer half-lives of THC plasma elimination have been determined after
higher doses and longer periods of measurement in animals (Harvey et al.
1982) and humans (Johansson, Halldin, et al. 1989). In a study by Johans-
son, Halldin, et al. (1989), regular users of cannabis were asked to smoke 56
mg radiolabeled THC during two days and then abstain from all cannabis
use. A terminal half-life of 4.3± 1.6 days has been determined in 5 subjects
whose plasma levels were followed for 2 weeks. In 2 subjects followed for
4 weeks terminal half-lives of 9.6 and 12.6 d were noted. However, it is un-
clear whether THC could be reliably distinguished from its metabolites in
this study, thus overestimating the length of the half live (Kelly and Jones
1992). Studies using sensitive GC/MC that follow THC plasma concentra-
tions for long periods are needed to determine the elimination half-life of
THC from plasma. Kelly and Jones (1992) measured a terminal half-life for
THC of only 117 min for frequent and 93 min for infrequent users, applying
GC/MS technology.

The elimination half-life for THC metabolites from plasma is longer
than the elimination half life of the parent molecule. In a study by Hunt and
Jones (1980), the terminal half-life of THC for chronic users was 18.7± 4.2
h and of the overall metabolites 52.9± 3.7 h. In the study by Kelly and Jones
(1992), the plasma elimination half-life for THC-COOH was 5.2± 0.8 days
for frequent and 6.2± 6.7 days for infrequent cannabis users.

Studies in humans have found no difference in elimination kinetics be-
tween heavy and light users (Ohlsson et al. 1982; Hunt and Jones 1980).
Differences between regular and casual users in an earlier study (Lemberger
et al. 1971) may be attributed to insufficiencies of the detection method
(Cone and Huestis 1993). No relevant differences between men and women
have been noted (Wall and Perez-Reyes 1981).

Excretion with Urine and Feces

THC is excreted within days and weeks, mainly as metabolites, about 20
to 35 percent in urine and 65 to 80 percent in feces, less than 5 percent of an
oral dose as unchanged drug in the feces (Wall et al. 1983; Hunt and Jones
1980). After three days, overall excretion rates were about 65 percent fol-
lowing oral and about 45 percent with intravenous administration (Wall
et al. 1983) (see Table 7.4). Excretion rates for urine were similar with both
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routes of application, but excretion rates in feces were substantially higher
after oral use.

After smoking cannabis, the urine started to test positive for THC-
COOH by GC/MS after an average time of four hours (range: two to eight h)
(Niedbala et al. 2001). A single dose of THC may result in detectable me-
tabolites in urine for up to twelve days (Law et al. 1984), usually for three to
five days (Schwartz et al. 1985). In one study, the average time to the first
negative result in urine screening for THC metabolites (enzyme immuno-
assay with a cutoff calibration of 20 ng/mL) was 8.5 days (range: 3 to 18 d)
for infrequent users and 19.1 days (range: 3 to 46 d) for regular users (Ellis
et al. 1985). Since urine excretion of metabolites does not monotonously
decrease, urine screenings may fluctuate between positive and negative re-
sults for several days (see Figure 7.10). The average time until the latest
positive result was 12.9 d (3 to 29 d) for light users and 31.5 d (4 to 77 d) for
heavy users (Ellis et al. 1985). Similar results with detection times of up to 1
to 2 months for regular cannabis users and even longer in single cases were
reported by others (Daldrup et al. 1988).

An average urinary excretion half-life for THC-COOH of about 30 h was
observed with a 7-day monitoring period and of 44 to 60 h with a 14-day pe-
riod (Huestis and Cone 1998). Other groups calculated similar average val-
ues of 1.9 and 2 days for frequent and infrequent cannabis users with a 12-
day monitoring period (Kelly and Jones 1992) and of about 3 days (range:
0.9 to 9.8 days) when THC-COOH was measured for 25 days (Johansson
and Halldin 1989).

Mainly acids are excreted with the urine of which 18 have been identi-
fied (Halldin, Andersson, et al. 1982; Halldin, Carlsson, et al. 1982), the
main metabolite being the acid glucuronide of THC-COOH (Williams and
Moffat 1980). Free THC-COOH is not excreted in the urine in significant
concentration (Law et al. 1984). It was proposed that unconjugated THC-
COOH cannot be detected in urine of infrequent users (Alburges and
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TABLE 7.4. Mean cumulative cannabinoid excretion, according to Wall et al.
(1983).

Subjects

Urine (%) Feces (%) Total (%)
% of Total
in Urine

24 h 72 h 24 h 72 h 72 h 72 h

Women intravenous 11 ± 2 16 ± 3 9 ± 11 26 ± 19 42 38.1

Men intravenous 10 ± 5 15 ± 4 14 ± 11 35 ± 11 50 30.0

Women oral 12.5 ± 3.0 15.9 ± 3.6 9 ± 11 48 ± 6 63.9 24.9

Men oral 10.3 ± 2.1 13.4 ± 2.0 24 ± 42 53 ± 18 66.4 20.2



Peat 1986), while others found free THC-COOH concentrations of 1± 1.5
ng/mL one day after intravenous administration of THC in casual cannabis
smokers (Kelly and Jones 1992). In regular users, free THC-COOH is usu-
ally found and was present in concentrations of 2.8± 2.7 ng/mL one day af-
ter intravenous administration of THC (Kelly and Jones 1992). The detec-
tion of 8� ,11-dihydroxy-THC above levels of 15 to 20 ng/mL was proposed
to be indicative of use within the previous four to six hour (McBurney et al.
1986).

Several authors reported that the concentrations of THC and 11-OH-
THC in urine were insignificant (Garrett and Hunt 1974; Wall and Perez-
Reyes 1981), but a recent study found significant concentrations of these
neutral cannabinoids using an enzymatic hydrolysis step in the extraction
protocol, with THC concentrations peaking at 21.5 ng/mL (range: 3.2 to
53.3) after 2 h of smoking 27 mg THC in cannabis cigarettes, 11-OH-THC
peaking at 77.3± 29.7 ng/mL after 3 h, and THC-COOH peaking at 179.4±
146.9 ng/mL after 4 h (Manno et al. 2001) (see Figure 7.11).

Renal clearance is not constant and has been reported to decrease from a
maximum of 20 mL/min at approximately 100 min to 1 mL/min after 4 days
of THC administration (Hunt and Jones 1980). The high lipophilicity of
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THC resulting in complete tubular reabsorption explains the lack of signifi-
cant renal excretion of the unchanged drug (Garrett and Hunt 1974).

The marked enterohepatic recirculation of metabolites and the high pro-
tein binding explains the dominance of fecal excretion. The metabolites in
the feces are only present in the nonconjugated form (Wall et al. 1983).
Acids metabolites, among them THC-COOH, and neutral metabolites, in
particular 11-OH-THC, have been found (Mikes et al. 1971; Wall et al.
1983). Differences in metabolite composition have been reported in de-
pendency of route of administration for excretion in both urine and feces.
More unaltered THC, less of the hydroxy metabolite, and more THC-
COOH is excreted in feces after oral compared to intravenous dosing (Wall
et al. 1983).
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TIME EFFECT RELATIONSHIP

The peak psychotropic effects (“high”) after intravenous and inhalative
THC application were noted after 20 to 30 min and decreased to low levels
after 3 h, and to baseline after 4 h (Hollister et al. 1981; Lindgren et al.
1981; Chiang and Barnett 1984) (see Figure 7.12). Maximum increase of
heart rate was noted within a few minutes (1 to 5 min), decreasing to baseline
after 3 h (Lindgren et al. 1981). Conjunctival injection was noted within a few
minutes and subsided in some participants by 3 h after smoking(Ohlsson,
Lindgren, et al. 1980). Duration of maximal effects is dose dependent and
was found to be 45 min after 9 mg THC (Harder and Rietbrock 1997) and
more than 60 min with higher doses (Robbe 1994).

Following inhalation, THC plasma concentrations have already
dropped significantly before maximal psychotropic effects are achieved
(Chiang and Barnett 1984; Ohlsson, Lindgren, et al. 1980). A plot of THC
plasma levels versus THC effects shows a counterclockwise hysteresis
(Chiang and Barnett 1984). During the first 15 minutes the intensity of
psychic effects is still rising while plasma levels are falling (Ohlsson,
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Lindgren, et al. 1980). It has been proposed that the first hour represents
the distribution phase (Sticht and Käferstein 1998) and that after 1 h the
central compartment has reached equilibrium with effect compartment
(Chiang and Barnett 1984). Hence, about 1 to 4 h after smoking there is a
good correlation between plasma level and effects (Chiang and Barnett
1984). There was also a good correlation between THC plasma level and
other effects in this phase, with heart rate (Cocchetto et al. 1981) and with
psychomotor impairment (Barnett et al. 1985). Overall correlations be-
tween log plasma concentrations and ratings of “high” were reported to be
moderately positive (r = 0.53) (Ohlsson, Lindgren, et al. 1980), with
better correlations at lower THC levels.

After oral use (20 mg THC in a cookie), reddening of the conjunctivae
occurred within 30 to 60 min and was maximal from 60 to 180 min, gradu-
ally lessening thereafter (Ohlsson, Lindgren, et al. 1980). As with inhala-
tion, the pulse rate often returned to baseline or below even while the partic-
ipants felt “high” (Ohlsson, Lindgren, et al. 1980). Psychotropic effects
after oral use set in after 30 to 90 minutes (Wall et al. 1983; Hollister et al.
1981), were maximal between 2 to 4 h, and declined to low levels after 6 h
(Hollister et al. 1981). Maximal psychotropic effects usually were delayed
for 1 to 3 h when the plasma levels started to fall (Hollister et al. 1981) (see
Figure 7.13). Correlations between log plasma concentrations and ratings
of “high” were reported to be slightly lower compared to inhalation (r =
0.42) (Ohlsson, Lindgren, et al. 1980).

Pharmacokinetic Pharmacodynamic Modeling

With both inhalation and oral use the association between THC levels in
the plasma and subsequent psychotropic effects describes a hysteresis over
time (see Figure 7.13). Intensity of THC effects depends on concentration
in the effect compartment. THC quickly crosses the blood brain barrier
(Nyoni et al. 1996). The short delay in psychotropic THC effects compared
to plasma levels is attributed to the time needed to penetrate the barrier and
bind the cannabinoid receptors. While plasma levels are already falling, the
brain concentrations are still rising (Ohlsson, Widman, et al. 1980; Nyoni
et al. 1996). In monkeys, an IV dose of radiolabelled THC resulted in peak
radioactivity levels in the brain after 15 to 60 minutes in accordance with
the time of maximal effect after intravenous and inhalative administration
in man (McIsaac et al. 1971). The equilibrium half-life with the effect com-
partment was calculated to be 29 minutes after smoking a cannabis cigarette
(Harder and Rietbrock 1997). Chiang and Barnett (1984) have proposed a
kinetic and dynamic model based on an open two compartment model (see
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Figure 7.14). Similar kinetic models have been proposed by others (Harder
and Rietbrock 1997).

According to the Hill equation there is an association between the intensity
of the high effects(E) and the amount of THC in the effect compartment.
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The steady-state plasma concentration at the 50 percent of maximum high
effect Css(50) was ascertained to be 25-29 (ng/mL) by using cannabis ciga-
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rettes of three different potencies (Chiang and Barnett 1984). The elimina-
tion rate constant from the effect compartment (ke0) ranged from 0.03 to
0.04 per min, the sigmoid parameter� (the degree of sigmoidicity of the ef-
fect/amount relationship) was 1.5 to 2.0. The transfer rate constantk21 from
the tissue compartment was much smaller (0.0078 to -0.012 per min) than
the elimination rate constant. Thus, the time course of effect must precede the
time course of the THC amount in the tissue compartment. The rate con-
stantk10 is probably consisting of a mixture of constants for metabolism
and distribution between the central and deep tissue compartments (Chiang
and Barnett 1984).

Predicting Time of Administration

Several models have been applied to predict time of cannabis use from
blood concentrations. Recent cannabis use and possible significant impairment
was assumed with THC plasma levels of more than 2 to 3 ng/mL (McBurney et
al. 1986) or more than 10 ng/mL (Law and Moffat 1985).
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Hanson et al. (1983) were the first to propose the ratio of metabolites to
parent molecule for time estimation of last use. Law et al. (1984) stated that
a ratio of overall metabolites and THC of less than 20 was indicative of re-
cent use, although the ratio could be greater than 30 in regular users due to
accumulation of THC-COOH. Other authors assumed that a THC-COOH/
THC ratio less than 1 was indicative for use within the past 30 min, a ratio of
2:1 within one h, a ratio of 3:1 within two, of 4:1 within three and a ratio of
7:1 within 24 h (Garriott et al. 1986).

Huestis et al. (1992b) proposed two mathematical models, derived from
linear regression analysis of plasma THC concentration and elapsed time
after cannabis use (Model I,r = 0.949), and from linear regression analysis
of plasma THC-COOH:THC ratios versus elapsed time after use (Model II,
r = 0.919):

Model I: Log (time in h) =2 0.698 log [THC] + 0.687

Model II: Log (time in h) = (0.576 × [THC-COOH]/[THC])2 0.176

Medium deviation from the correct time of use was about 1 to 2 h two to
four hours after use and about 2.5 to 4 h four to eight hours after use
(Huestis et al. 1992b). Model I was more accurate following inhalation in
infrequent and frequent users, but less reliable with oral use of cannabis,
while Model II was more accurate for infrequent inhalation and oral inges-
tion but tended to overestimate time of usage in frequent users.

Daldrup (1996) proposed a CIF (cannabis influence factor) consisting of
a ratio of THC together with 11-OH-THC and THC-COOH weighted with
constants.
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Individuals with a CIF greater than 10 were classified as being severely im-
paired with regard to driving abilities. This author applied Daldrup’s equa-
tion to data of a paper by Huestis et al. (1992a). A CIF of greater than 10
was usually reached 2.5 to 4 h after smoking a marijuana cigarette with
great interindividual variability (Grotenhermen 2001).
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PHARMACOKINETICS OF OTHER CANNABINOIDS

The pharmacokinetics of other cannabinoids resembles the kinetics of
THC with regard to plasma course, terminal half-lives and other parameters.
These will be reviewed briefly for the natural cannabinoids CBD and CBN,
for nabilone, a synthetic 9-ketocannabinoid and psychotropic derivative of
cannabinol available on prescription in several countries, and for dexa-
nabinol, a nonpsychotropic analog of� 8-THC under clinical investigation.

Cannabidiol (CBD)

Average systemic bioavailability of inhaled CBD in a group of cannabis
users was 31 percent (range: 11 to 45 percent) (Ohlsson et al. 1984). The
plasma pattern was similar to that of THC with high levels of about 100
ng/mL within minutes after smoking, and a fast decrease to a concentration
of about 10 ng/mL after one hour. After oral administration of 40 mg CBD,
the plasma course over 6 h was in the same range as the course after 20 mg
THC (Agurell et al. 1981). Daily oral doses of 10 mg/kg CBD per day for 6
weeks in patients with Huntington’s disease resulted in mean weekly
plasma levels of 5.9 to 11.2 ng/mL (Consroe et al. 1991). The distribution
volume was about 30 L/kg, greater than for THC (Ohlsson et al. 1984). In
rats receiving intravenous THC and CBD (1 mg/kg body weight each),
brain concentrations of unchanged CBD were higher than that of THC 5
minutes after administration (Alozie et al. 1980).

The plasma clearance ranged from 960 to 1560 mL/min (Ohlsson et al.
1984). An average terminal half-life of 24 h (range: 18 to 33 h) was deter-
mined after intravenous injection of 20 mg during an observation period of
72 h (Ohlsson et al. 1984).

Thirty-three metabolites were identified in the urine of a patient treated
with CBD and further four metabolites were partially characterized (Har-
vey and Mechoulam 1990). The metabolic pattern is similar to THC (Wall
et al. 1976). The widely used dibenzopyran system for the numbering of
cannabinoids cannot be applied to CBD. Metabolites of CBD have to be
numbered according to the monoterpene system which can cause some con-
fusion, since the main attacked carbon is numbered C-7 instead of C-11 (see
Figure 7.15), resulting in the hydroxy metabolite 7-OH-THC. Several
cyclicized cannabinoids were identified as well, among them� 9-THC, � 8-
THC, and cannabinol (Harvey and Mechoulam 1990). The excretion rate of
metabolites in humans in urine (16 percent in 72 h) is similar to that of THC
(Wall et al. 1976). Unlike THC, unchanged CBD is excreted in large per-
centages in the feces (Wall et al. 1976).
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Cannabinol (CBN)

Average systemic bioavailability after smoking 19 mg CBN was 26 per-
cent (range: 8 to 65 percent), similar or somewhat higher than the values for
THC (Johansson et al. 1987). The plasma course following oral ingestion
(Agurell et al. 1981), inhalation (Ohlsson et al. 1985; Johansson et al. 1987),
and intravenous administration (Ohlsson et al. 1985; Johansson et al. 1987)
was similar to that of CBD. The volume of distribution was determined to
23 L/kg (Johansson et al. 1987). The apparent terminal half-lives for CBN
were 17 h and 29 h after intravenous administration and smoking, respec-
tively (Johansson et al. 1987). Metabolic patterns in humans were similar to
THC with a main attack at C-11 (Wall et al. 1976). Excretion was slower
with about 8 percent eliminated with urine and 35 percent excreted in feces
within 72 h (Wall et al. 1976).

Nabilone

The absorption of oral nabilone (Figure 7.16) (as a polyvinylpyrrolidone
coprecipitate) is nearly complete (Lemberger et al. 1982) with plasma lev-
els peaking at 1 to 4 h. Nabilone was reported to disappear from plasma rel-
atively fast, with a half life of about 2 h (Rubin et al. 1977; Lemberger et al.
1982), while total radioactivity disappeared slowly with a half-life of 30 h
(Lemberger et al. 1982). Circulating metabolites in plasma include isomeric
carbinols with long half-lives formed by reduction of the ketone at C-9 (Ru-
bin et al. 1977; Sullivan et al. 1978; Sullivan et al. 1987). About 91 percent
of nabilone was excreted within 7 days, 23 percent in urine, and 67 percent
in the feces (Lemberger et al. 1982).
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Dexanabinol (HU-211)

The pharmacokinetics of the synthetic nonpsychotropic cannabinoid
dexanabinol (HU-211) (Figure 7.17) was evaluated with doses of 48 mg,
100 mg, and 200 mg as short IV infusions in healthy volunteers. The plasma
course best corresponded to a three-compartment model with a terminal
elimination half-life of approximately 9 h (Brewster et al.1997). The plasma
clearance of the drug (about 1,700 mL/min) and the volume of distribution
(about 15 L/kg) were somewhat higher than seen with THC.

METABOLIC INTERACTIONS

Interactions of cannabinoids with other drugs may depend on activity on
similar effector systems or metabolic interactions (Pryor et al. 1976). Since
cannabinoids are strongly bound to proteins, interactions with other protein-
bound drugs may also occur. However, the latter effect has never been re-
ported.

Metabolic Interactions Between Cannabinoids

Metabolic interaction between cannabinoids has been observed, but only
cannabidiol seems to have a significant effect on THC by inhibiting hepatic
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microsomal THC metabolism through inactivation of the cytochrome P-
450 oxidative system (Watanabe et al. 1987; Bornheim and Grillo 1998;
Jaeger et al. 1996; Yamamoto et al. 1995). Preincubation of human liver
microsomes with cannabidiol selectively decreased the formation of tetra-
hydrocannabinol metabolites catalyzed by cytochrome P450-3A but had no
effect on P450-2C9-catalyzed metabolites (Jaeger et al. 1996).

Treatment of mice with high doses of CBD (120 mg/kg) resulted in
changes of metabolism of 12 mg/kg THC and modest elevation of THC
blood levels (Bornheim et al. 1995). The plasma area under the curve (AUC) of
THC was increased by 50 percent as a function of decreased clearance,
while brain levels of THC increased by nearly 3-fold and brain AUC by 7-
to 15-fold (Bornheim et al. 1995). The inhibition of cytochrome P-450
isoenzymes by CBD has been proposed to be a reason for recreational use
of cannabis together with other drugs that need cytochrome P-450 for me-
tabolism (cocaine, phencyclidine) (Reid and Bornheim 2001); however,
THC and THC metabolites (Bornheim et al. 1994; Watanabe et al. 1986),
other cannabinoid receptor agonists (Costa et al. 1996) and even CBD
(Bornheim et al. 1994) seem to increase the activity of cytochrome P450
with repeated administration through enzyme induction.

In humans,pretreatmentwith 40 mg oral CBD resulted in a delayed, lon-
ger, and only slightly reinforced action of 20 mg oral THC (Hollister and
Gillespie 1975), whilesimultaneousadministration of CBD and THC re-
sulted in a significant block of several THC effects, among them anxiety
and other subjective alterations caused by THC (Zuardi et al. 1982), and
tachycardia (Karniol et al. 1974), if CBD and THC were given in a ratio of
1:1 or higher, presumably due to antagonistic interaction of CBD at the
cannabinoid-1 receptor (Petitet et al. 1998). There were no or only minimal
effects of CBD on plasma levels of THC in man (Agurell et al. 1981; Hunt
et al. 1981), and there may be a minimal effect on the formation and excre-
tion of metabolites (Hunt et al. 1981).

Metabolic Interactions with Other Drugs

Metabolic interactions of THC with other drugs may occur if these drugs
are metabolized by the same isoenzymes of the cytochrome P-450 complex.

A Swiss study found lower plasma levels of the antipsychotic drugs
clozapine and olanzapine in smokers of tobacco and cannabis, which was
attributed to induction of CYP1A2 of the cytochrome P-450 complex by
some smoke constituents (Zullino et al. 2002). Two patients treated withthese
antipsychotics who stopped smoking experienced adverse drug effects due
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to increased plasma levels of the drugs, which made dose adjustment neces-
sary (Zullino et al. 2002).

Authors of a case report of a young man who presented with myocardial
infarction after taking Viagra (sildenafil citrate, that is metabolized pre-
dominantly by the cytochrome P450-3A4 enzyme) in combination with
cannabis supposed that the harmfulness of this combination was mainly due
to the inhibition of the cytochrome P450-3A4 isoenzyme by cannabinoids
(McLeod et al. 2002). However, it seems more likely that the combination
of the cardiovascular effects of both drugs were the main reason (see
Mittleman et al. 2001), since a relevant inhibition of this enzyme by natural
cannabinoids would have only been expected with high doses of CBD.

In a clinical study with AIDS patients, there was only a minor influence
of cannabis smoking and oral dronabinol on pharmacokinetic parameters of
antiretroviral medication used in HIV infection and metabolized by cyto-
chrome P-450 enzymes, and the use of cannabinoids was regarded as un-
likely to impact antiretroviral efficacy (Kosel et al. 2002).

Most interactions of cannabinoids with other drugs are not based on met-
abolic interactions but on their activity on similar effector systems (Groten-
hermen 2002a).

CONCLUSION

With regard to the absorption of cannabinoids, efforts are made to com-
pensate the special disadvantages of oral use and inhalation. Sublingual ad-
ministration of cannabis-based medicines is used in current clinical studies
to accelerate the onset of action, which is slow and erratic with dronabinol
capsules or cannabis confections. The use of vaporizers and the develop-
ment of inhalers are intended to avoid the harm caused by combustion prod-
ucts inhaled with the smoke of herbal material. Further promising alterna-
tives to the most common routes of administration of today are rectal and
transdermal administration, increasing either bioavailability or duration of
action.

With regard to distribution and redistribution, cannabinoids cause sev-
eral problems in forensic science. It is difficult or impossible to assess the
actual degree of impairment of drivers from cannabinoid levels in body
fluids or to estimate the time of the last consumption. In contrast to the hy-
drophilic alcohol, cannabinoids are lipophilic and there is only weak corre-
lation between THC levels in the effect compartment (central nervous sys-
tem) and THC levels in blood or other body fluids. Therefore, it seems
reasonable to assess actual impairment with other means, e.g., reactions of
the eye pupils to light. Amplitude, contraction speed, and dilation speed of
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the pupils following a defined light stimulus show a dose dependent behav-
ior with maximal effects in the first hour after smoking cannabis and a
gradual decline thereafter (Kelly et al. 1993).

Questions of interest with regard to metabolism include different pat-
terns of metabolism in dependency of administration route, and interactions
between natural cannabinoids and with other drugs. Since cannabinoids are
metabolized by enzymes of the cytochrome P-450 complex, both decreased
(through inhibition by CBD) and increased (through enzyme induction by
all cannabinoids) activity of these enzymes may occur. This complex meta-
bolic interaction may be further complicated by other forms of interaction
(e.g., interactions at the receptor site). Thus, CBD may reinforce the activity
of THC by reducing its metabolic rate and antagonize its activity at the CB1
receptor site, which may explain contradictory results in studies investigat-
ing the interaction of the two phytocannabinoids. In general, it can be ex-
pected that metabolic interactions of cannabis products (that usually con-
tain only low amounts of CBD) with other drugs are based more on enzyme
induction than on inhibition, but this topic needs further investigation.

The increased formation of 11-OH-THC with oral use compared to inha-
lation is often made responsible for stronger psychotropic effects of oral
cannabinoids. But it seems that this metabolite has a similar pharmacologi-
cal profile as THC in man and binds to the CB1 receptor, making it unclear
how this metabolic difference may cause differences in effects. There seems
to be no relevant difference between single THC and whole plant cannabis
taken both orally and inhaled with regard to psychotropic and other subjec-
tive effects (Wachtel et al. 2002), supporting the view that the differences in
scheduling cannabis and THC (dronabinol) in the narcotics acts of many
countries are based more on political than on pharmacological grounds.
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Chapter 8

Clinical Pharmacodynamics
of Cannabinoids
Franjo Grotenhermen

INTRODUCTION

Unlike the opiates and many other medicinally used plant constituents,
the cannabinoids were not identified before the twentieth century, which
occasionally resulted in dosing problems of oral medicinal extracts which
had been in use in the nineteenth century in Europe and North America. In
the 1930s and 1940s, the chemical structure of the first phytocannabinoids
had been successfully characterized (Loewe 1950), and the first synthetic deri-
vatives of THC (parahexyl, DMHP) were successfully tested in clinical
studies for epilepsy (Davis and Ramsey 1949), depression (Stockings 1947)
and dependency to alcohol and opiates (Thompson and Proctor 1953).
However, it was not until 1964 that� 9-tetrahydrocannabinol (� 9-THC, dro-
nabinol), mainly responsible for the pharmacological effects of the canna-
bis plant (Dewey 1986; Hollister 1986), was stereochemically defined, and
synthesized (Gaoni and Mechoulam 1964). Another scientific break-
through in cannabinoid research was the detection of a system of specific
cannabinoid receptors in mammals and their endogenous ligands within the
past fifteen years. Both detections resulted in a considerable boost in re-
search activities (see Figure 8.1).

Cannabinoids were originally thought to be present only in the cannabis
plant (Cannabis sativaL.), but recently some cannabinoid-type bibenzyls
have also been found in liverwort(Radula perrottetiiand Radula mar-
ginata)(Toyota et al. 2002), the chemical structure of perrottetinenic acid in
liverwort being similar to that of� 9-THC in cannabis.

About 65 cannabinoids have been detected in the cannabis plant, mainly
belonging to 1 of 10 subclasses or types (ElSohly 2002), of which the canna-
bigerol type (CBG), the cannabichromene type (CBC), the cannabidiol type
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(CBD), the� 9-THC type (with nine cannabinoids), and the cannabinol type
(CBN) are the most relevant in quantity. Cannabinoid distribution varies be-
tween different cannabis strains and usually only three or four cannabinoids
are found in one plant in relevant concentrations. Other cannabis com-
pounds of possible pharmacological interest are terpenes (about 120) which
are responsible for the specific smell of the plant, flavonoids (21), and ni-
trogenous compounds (27) including two spermidine-type alkaloids.

� 9-THC, the main cannabinoid in cannabis of the drug type with concen-
trations in a range between 2 and 30 percent in the flowering tops and upper
leaves of the female plant, given alone produced similar effects as whole plant-
drug cannabis (marijuana) in healthy volunteers (Hart et al. 2002; Wachtel
et al. 2002) and patients (Abrams et al. 2001). In one study, pure THC and
whole cannabis were either smoked or taken orally in a double-blind, cross-
over design with five experimental conditions: a low and a high dose of
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THC only, a low and a high dose of whole-plant cannabis, and placebo
(Wachtel et al. 2002). In both the oral study and the smoking study, THC-
only and whole-plant cannabis produced similar subjective effects, with only
minor differences. The THC main effects, including medicinal properties,
may be modulated by other cannabinoids, mainly CBD, and other cannabis
constituents (McPartland and Russo 2001).

In addition to these phytocannabinoids, synthetic agonists and antago-
nists at the cannabinoid receptor and other modulators of the endogenous
cannabinoid system are under investigation for therapeutic purposes.

MECHANISM OF ACTION

The mechanism of action of cannabinoids is best investigated for� 9-
THC (THC, dronabinol; see Figure 8.2 for chemical structure) and other
cannabinoid receptor agonists, while the mode of action of other can-
nabinoids of therapeutic interest, among them CBD, as well as the carboxy
metabolite of THC (11-nor-9-carboxy-� 9-THC) and its analogues (e.g.,
ajulemic acid, CT-3) is less well established. Previous reviws on cannabis
include two by Grotenhermen (2002a,c).

Mechanism of Action of 9-THC

The majority of THC effects are mediated through agonistic actions at
cannabinoid receptors. Some non-CB-mediated effects of THC and syn-
thetic derivatives have also been described, e.g., some effects on the im-
mune system (Bueb et al. 2001), some neuroprotective effects (Hampson
2002), and antiemetic effects. The antiemetic effects of THC are supposed
to be mediated in part by CB1 receptors (Parker et al. 2003) and in part by
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non-CB mechanisms, the rationale for the clinical use of THC as an anti-
emetic in children receiving cancer chemotherapy (Abrahamov and Me-
choulam 1995). Due to the lower CB1 receptor density in the brain of chil-
dren compared with adults, they tolerated relatively high doses of� 8-THC
in a clinical study, without significant CB1 receptor mediated adverse effects
(Abrahamov and Mechoulam 1995). In a study with cells stably transfected
with the human 5-HT3A receptor, several (endo)cannabinoids (THC, WIN55,
212-2, anandamide, etc.) directly inhibited currents induced by 5-hydro-
xytryptamine (Barann et al. 2002). Since 5-HT3 antagonists are potent
antiemetic drugs, this may be one mechanism by which cannabinoids act as
antiemetics.

It is possible that several effects previously thought to be nonreceptor
mediated are mediated by cannabinoid receptor subtypes that have not yet
been identified.

Mechanism of Action of Cannabidiol

The mode of action of cannabidiol (see Figure 8.3 for chemical struc-
ture) is not fully understood and several mechanisms have been proposed:
(1) CBD acts as antagonist at the central CB1 receptor and is able to inhibit
several CB1-mediated THC effects (Zuardi et al. 1982). In a study by Petitet
et al. (1998), CBD considerably reduced the receptor activation by the
potent classical CB1 receptor agonist CP55940. (2) CBD stimulates the
vanilloid receptor type 1 (VR1) with a maximum effect similar in efficacy to
that of capsaicin (Bisogno et al. 2001). (3) CBD inhibits the uptake and hy-
drolysis of the endocannabinoid anandamide, thus increasing its concentra-
tion (Bisogno et al. 2001; Mechoulam and Hanus 2002). (4) Finally, CBD
may also increase the plasma THC level (Bornheim et al. 1995) by inhibit-
ing hepatic microsomal THC metabolism through inactivation of the cyto-
chrome P-450 oxidative system (Bornheim and Grillo 1998; Jaeger et al.
1996). However, there was no or minimal effect of CBD on plasma levels of
THC in man (Agurell et al. 1981; Hunt et al. 1981).
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In a study that analyzed the mode of action of the anti-inflammatory and
antihyperalgesic effects of CBD, simultaneous administration of a VR1 re-
ceptor antagonist fully reversed the antihyperalgesic effects (Costa et al.
2003). A CB2 receptor antagonist was partly effective and a CB1 receptor
antagonist had no effect. The anti-inflammatory efficacy of CBD was un-
related to cyclooxygenase (COX) activity, but inhibited the endothelial isoform
of nitric oxide synthase (eNOS). In a rat model of arthritis, low doses of
CBD decreased prostaglandin E2, nitric oxide and lipid peroxide level, me-
diators that are all known to be involved in the development and mainte-
nance of arthritis (Costa et al. 2003).

CANNABINOID RECEPTORS

To date two cannabinoid receptors have been identified, the CB1 (cloned
in 1990), and the CB2 receptor (cloned in 1993) (Pertwee 1997), exhibiting
48 percent amino acid sequence identity. Besides their difference in amino
acid sequence, they differ in signaling mechanisms, tissue distribution, and
sensitivity to certain agonists and antagonists that show marked selectivity
for one or the other receptor type (Howlett 2002). Both receptor types are
coupled through inhibiting G proteins (Gi proteins), negatively to adenylate
cyclase, and positively to mitogen-activated protein kinase. Activation of Gi
proteins causes inhibition of adenylate cyclase, thus inhibiting the conver-
sion of ATP to cyclic AMP (cAMP). CB1 receptors are also coupled to cer-
tain kinds of calcium channels and potassium channels (Pertwee 2002).
They may also mobilize arachidonic acid and close 5-HT3 receptor ion
channels (Pertwee 2002). Under certain conditions, they may also activate
adenylate cyclase through stimulating G proteins (Gs proteins) (Glass and
Felder 1997).

CB1 receptors are mainly found on neurons in the brain, spinal cord and
peripheral nervous system, but are also present in certain peripheral organs
and tissues, among them endocrine glands, leukocytes, spleen, heart and
parts of the reproductive, urinary and gastrointestinal tracts (Pertwee 1997).
In the central nervous system the CB1 receptor is the most abundant G-pro-
tein-coupled receptor. One of its functions is inhibition of neurotransmitter
release. Their endogenous agonists probably serve as retrograde synaptic
messengers. CB1 receptors are highly expressed in the basal ganglia, cere-
bellum, hippocampus and dorsal primary afferent spinal cord regions, which
reflect the importance of the cannabinoid system in motor control, memory
processing and pain modulation, while their expression in the brainstem is low
(Howlett 2002), which may account for the lack of cannabis- related acute
fatalities, e.g., due to depression of respiration.
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CB2 receptors occur principally in immune cells, among them leuko-
cytes, spleen and tonsils (Pertwee 2002). In contrast to CB1 receptors they
are not coupled to ion channels. Immune cells also express both CB1 recep-
tors but there is markedly more mRNA for CB2 than CB1 receptors in the
immune system. Levels of CB1 and CB2 mRNA in human leukocytes have
been shown to vary with cell type (B cells > natural killer cells > monocytes >
polymorphonuclear neutrophils, T4 and T8 cells) (Galiègue et al. 1995).
One of the functions of CB receptors in the immune system is modulation of
cytokine release.

Activation of the CB1 receptor produces marijuana-like effects on psy-
che and circulation, while activation of the CB2 receptor does not. Hence,
selective CB2 receptor agonists have become an increasingly investigated
target for therapeutic uses of cannabinoids, among them analgesic, anti-in-
flammatory and antineoplastic actions (Recht et al. 2001; Sanchez et al.
2001).

There is increasing evidence for the existence of additional cannabinoid
receptor subtypes in the brain and periphery (Breivogel et al. 2001; Di
Marzo, Breivogel, et al. 2000; Fride et al. 2003; Pertwee, 1999a; Wiley and
Martin 2002). These receptors are more likely to be functionally related to
the known cannabinoid receptors than have a similar structure as there is no
evidence for additional cannabinoid receptors in the human genome (Baker
et al. 2001).

ENDOCANNABINOIDS

The identification of cannabinoid receptors was followed by the detec-
tion of endogenous ligands for these receptors, endogenous cannabinoids
or endocannabinoids, a family of eicosanoids (Devane et al. 1992; Giuffrida
et al. 2001; Sugiura et al. 1995). To date five endocannabinoids have been
identified. These areN-arachidonylethanolamide (anandamide) (Devane
et al. 1992), 2-arachidonylglycerol (2-AG) (Mechoulam et al. 1995; Sugiura
et al. 1995), 2-arachidonylglyceryl ether (noladin ether) (Hanus et al. 2001),O-
arachidonyl-ethanolamine (virodhamine) (Porter et al. 2002) andN-
arachidonyl-dopamine (NADA) (Huang et al. 2002).

Cannabinoid receptors and their endogenous ligands together constitute the
“endogenous cannabinoid system,” or the “endocannabinoid system” which is
teleologically millions of years old and has been found in mammals and
many other species (De Petrocellis et al. 1999).

Endocannabinoids serve as neurotransmitters or neuromodulators (Howlett
2002). Anandamide and NADA do not only bind to cannabinoid receptors
but also stimulate vanilloid receptors (VR1) (Al-Hayani et al. 2001; Huang
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et al. 2002), nonselective ion channels associated with hyperalgesia. Thus,
the historical designation of anandamide as an endocannabinoid seems to
be only one part of the physiological reality, and cannabinoid receptors
seem to amount only to some of the “anandamide receptors.” Some non-CB
effects may be mediated by vanilloid receptors, e.g., inhibition of cell pro-
liferation of rat C6 glioma cells by endocannabinoids was reported to in-
volve combined activation of both vanilloid receptors and to a lesser extent
cannabinoid receptors (Jacobsson et al. 2001).

The first two discovered endocannabinoids, anandamide (Figure 8.4)
and 2-AG (Figure 8.5), are the best to be studied. They are produced “on de-
mand” by cleavage of membrane lipid precursors and released from cells
in a stimulus-dependent manner (Giuffrida et al. 2001). The production of
anandamide and 2-AG involves phospholipases D and C. After release, they
are rapidly deactivated by uptake into cells and metabolized. Metabolism of
anandamide and 2-AG occurs by enzymatic hydrolysis by the fatty acid am-
ide hydrolase (FAAH) (Di Marzo 1998; Giuffrida et al. 2001). FAAH de-
grades anandamide to arachidonic acid and ethanolamide. In mice, lack of
FAAH resulted in supersensitivity to anandamide and enhanced endogenous
cannabinoid signalling (Cravatt et al. 2001). Other metabolic processes in-
clude hydrolysis of 2-AG by monoglyceride lipase (Dinh et al. 2002),
acylation of noladin ether (Fezza et al. 2002), oxidation of anandamide and
2-AG and methylation of the aromatic moiety of NADA.

In all cases cellular uptake must preceed metabolism since metabolism
occurs only in the cells. Endocannabinoid uptake by cells seems to happen
by “enhanced diffusion” through the cell membrane (Fowler and Jacobsson
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2002; Huang et al. 2002; Porter et al. 2002), even though an active carrier
system has not been detected so far. Simple passive diffusion following a
concentration gradient into the cells, where they are quickly metabolized by
FAAH, is regarded as unlikely, since several substances have been devel-
oped that are thought to inhibit anandamide cellular uptake without inhibit-
ing FAAH, among them Arvanil (Di Marzo et al. 2002) and VDM11 (Baker
et al. 2001), and noladine ether and NADA are rapidly taken up into cells
despite they are rather stable or refractory to enzymatic hydrolysis (Fezza et
al. 2002; Huang et al. 2002). However, the discussion on the existence of a
transport system is not finished, and one group demonstrated that arvanil
and other substances regarded as anandamide transporters (olvanil, AM404)
were actually inhibitors of FAAH (Glaser et al. 2003). Intracellular uptake
of endocannabinoids is a temperature-dependent and rapid process with a half
time of a few minutes, compared to hours in the case of exogenous plant
cannabinoids.

Affinity to the Cannabinoid Receptor

Cannabinoids show differing affinities for CB1 and CB2 receptors. Syn-
thetic cannabinoids have been developed that act as highly selective
agonists or antagonists at one of these receptor types (Abadji et al. 1994;
Pertwee 1999b; Pertwee 2002).� 9-THC has approximately equal affinity
for the CB1 and CB2 receptor, while anandamide has marginal selectivity
for CB1 receptors (Pertwee 1999b). However, the efficacy of THC and
anandamide is less at CB2 than at CB1 receptors. In contrast to the ananda-
mide, 2-AG and noladine ether, which act as agonists at both CB receptor
types, virodhamine acts as an antagonist at the CB1 receptor and as a full ag-
onist at the CB2 receptor (Porter et al. 2002).

Tonic Activity of the Endocannabinoid System

When administered by themselves, cannabinoid receptor antagonists
may behave as inverse agonists in several bioassay systems, i.e., not only
block the effects of exogenous cannabinoids but produce effects that are op-
posite in direction from those produced by cannabinoid receptor agonists,
e.g., cause hyperalgesia (Jaggar et al. 1998), suggesting that the endoge-
nous cannabinoid system is tonically active. Tonic activity may be due to a
constant release of endocannabinoids or from a portion of cannabinoid re-
ceptors that exist in a constitutively active state (Pertwee 2002).

Tonic activity of the endogenous cannabinoid system has been demon-
strated in several conditions. Endocannabinoids have been shown to be
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tonically active in the dorsal horn neurons of the spinal cord, thus, attenuat-
ing acute nociceptive transmission at the level of the spinal cord (Chapman
1999). Endocannabinoid levels have been demonstrated to be increased in a
pain circuit of the brain (periaqueductal gray) following painful stimuli
(Walker et al. 1999). Tonic control of spasticity by the endocannabinoid
system has been observed in chronic relapsing experimental autoimmune
encephalomyelitis (CREAE) in mice, an animal model of multiple sclerosis
(Baker et al. 2001). An increase of cannabinoid receptors following nerve
damage was demonstrated in a rat model of chronic neuropathic pain (Siegling
et al. 2001) and in a mouse model of intestinal inflammation (Izzo et al.
2001). This may increase the potency of cannabinoid agonists used for the
treatment of these conditions. Tonic activity has also been demonstrated
with regard to appetite control (Di Marzo, Berrendero, et al. 2000) and with
regard to vomiting in emetic circuits of the brain (Darmani 2001). Elevated
endocannabinoid levels have been detected in the cerebrospinal fluid of
schizophrenic patients (Leweke et al. 1999). In other models tonic or en-
hanced activity could not be demonstrated, e.g., in a rat model of inflamma-
tory hyperalgesia (Beaulieu et al. 2000).

PHARMACOLOGICAL EFFECTS OF THC

The pharmacological activity of� 9-THC is stereoselective, with the nat-
ural (2 )-trans isomer (dronabinol) being 6-100 times more potent than the
(+)-trans isomer, depending on the assay (Dewey 1986).

The activation of the cannabinoid system through THC and other phyto-
cannabinoids, synthetic and endogenous cannabinoids causes numerous ac-
tions that have been extensively reviewed (see Exhibit 8.1) (Adams and
Martin 1996; Dewey 1986; Grotenhermen and Russo 2002; Hall et al. 1994;
Hollister 1986; House of Lords 1998; Joy et al. 1999; Kalant et al. 1999).
Additional nonreceptor mediated effects have come into focus as well (Hampson
2002). Some effects of cannabinoid receptor agonists show a biphasic behavior
in dependency of dose, e.g., low doses of anandamide stimulated phago-
cytosis and stimulated behavioral activities in mice while high doses de-
creased activities and caused inhibitory effects on immune functions
(Sulcova et al. 1998).

TOXICITY

The median lethal dose (LD50) of oral THC in rats was 800-1900 mg/kg
depending on sex and strain (Thompson et al. 1973). There were no cases of
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EXHIBIT 8.1. Effects of THC
The Following Dose-Dependent Effects were

Observed in Clinical Studies, in vivo, or in vitro

Psyche and perception. Fatigue, euphoria, enhanced well-being,
dysphoria, anxiety, reduction of anxiety, depersonalization, in-
creased sensory perception, heightened sexual experience,
hallucinations, alteration of time perception, aggravation of psy-
chotic states, sleep.

Cognition and psychomotor performance. Fragmented thinking,
enhanced creativity, disturbed memory, unsteady gait, ataxia,
slurred speech, weakness, deterioration or amelioration of motor
coordination.

Nervous system. Analgesia, muscle relaxation, appetite stimulation,
vomiting, anti-emetic effects, neuroprotection in ischemia and
hypoxia.

Body temperature. Decrease of body temperature.

Cardiovascular system. Tachycardia, enhanced heart activity, in-
creased output, increase in oxygen demand, vasodilation, ortho-
static hypotension, hypertension (in horizontal position), inhibition
of platelet aggregation.

Eye. Injected (reddened) conjunctivae, reduced tear flow, decrease of
intraocular pressure.

Respiratory system. Bronchodilation, hyposalivation and dry mouth.

Gastrointestinal tract. Reduced bowel movements and delayed gas-
tric emptying.

Hormonal system. Influence on LH, FSH, testosterone, prolactin, so-
matotropin, TSH, glucose metabolism, reduced sperm count and
sperm motility, disturbed menstrual cycle and suppressed ovula-
tion.

Immune system. Impairment of cell-mediated and humoral immunity,
immune stimulation, anti-inflammatory and antiallergic effects.

Fetal development. Malformations, growth retardation, impairment to
fetal and postnatal cerebral development, impairment of cognitive
functions.

Genetic material and cancer. Antineoplastic activity, inhibition of syn-
thesis of DNA, RNA and proteins.



death due to toxicity following the maximum oral THC dose in dogs (up to
3000 mg/kg THC) and monkeys (up to 9000 mg/kg THC) (Thompson et al.
1973). Acute fatal cases in humans have not been substantiated. However,
myocardial infarction may be triggered by THC due to effects on circula-
tion (Bachs and Morland 2001; Mittleman et al. 2001). However, this is un-
likely to occur in healthy subjects, but possibly in persons with coronary
heart disease for whom orthostatic hypotension or a moderately increased
heart rate may pose a risk.

Adverse effects of medical cannabis use are within the range of effects
tolerated for other medications (House of Lords 1998; Joy et al. 1999). It is
controversial whether heavy regular consumption may impair cognition
(Pope et al. 2001; Pope 2002; Solowij et al. 2002), but this impairment seems
to be minimal if it exists (Lyketsos et al. 1999; Pope et al. 2001). Early users
who started their use before the age of 17 presented with poorer cognitive
performance, especially verbal IQ compared to users who started later or
nonusers (Pope et al. 2003). Possible reasons for this difference may be (1)
innate differences between groups in cognitive ability, antedating first can-
nabis use; (2) a neurotoxic effect of cannabis on the developing brain; or (3)
poorer learning of conventional cognitive skills by young cannabis users
who have eschewed school and university (Pope et al. 2003).

Long-term medical use of cannabis for more than 15 years has been re-
ported to be well-tolerated without significant physical or cognitive impair-
ment (Russo et al. 2002). There is conflicting evidence that infants exposed
to THC in utero suffer developmental and cognitive impairment (Fried et al.
1998). Marijuana can induce a schizophrenic psychosis in vulnerable per-
sons (Hall et al. 1994; Solowij and Grenyer 2002) and there is increasing
evidence that there is a distinct cannabis psychosis (Nunez and Gurpegui
2002).

The harmful effects of combustion products produced by smoking can-
nabis have to be distinguished from effects by cannabis or single cannabin-
oids (Joy et al. 1999).

PSYCHE, COGNITION AND BEHAVIOR

In many species the behavioral actions of low doses of THC are charac-
terized by an unique mixture of depressant and stimulant effects in the CNS
(Dewey 1986).

In humans, THC or cannabis consumption is usually described as a
pleasant and relaxing experience. Use in a social context may result in
laughter and talkativeness. Occasionally there are unpleasant feelings such
as anxiety that may escalate to panic. A sense of enhanced well-being may
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alternate with dysphoric phases. THC improves taste responsiveness and
enhances the sensory appeal of foods (Mattes et al. 1994). It may induce
sleep (Freemon 1972; Lissoni et al. 1986).

Acute THC intoxication impairs learning and memory (Hampson and
Deadwyler 1999; Heyser et al. 1993; Slikker et al. 1992), and may adversely af-
fect psychomotor and cognitive performance (Solowij and Grenyer 2002), re-
ducing the ability to drive a car and to operate machinery. Reduced reaction
time also affects the response of the pupil of the eye. A brief light flash
shows decreased amplitude of constriction and a decelerated velocity of
constriction and dilation (Kelly et al. 1993).

The most conspicuous psychological effects of THC in humans have
been divided into four groups: affective (euphoria and easy laughter), sen-
sory (increased perception of external stimuli and of the person’s own
body), somatic (feeling of the body floating or sinking in the bed), and cog-
nitive (distortion of time perception, memory lapses, difficulty in concen-
tration) (Perez-Reyes 1999).

These effects only appear if an individually variable threshold of dose is
exceeded. During a study on the efficacy of dronabinol (THC) in 24 patients
with Tourette syndrome who received up to 10 mg THC daily for 6 weeks,
no detrimental effects were seen on neuropsychological performance (lear-
ning, recall of word lists, visual memory, divided attention) (Müller-Vahl,
Prevedel, et al. 2003).

CENTRAL NERVOUS SYSTEM AND NEUROCHEMISTRY

Most THC effects (analgesia, appetite enhancement, muscle relaxation,
hormonal actions, etc.) are mediated by central cannabinoid receptors, their
distribution reflecting many of the medicinal benefits and side effects (Hampson
and Deadwyler 1999; Pertwee 2002; Sañudo-Peña et al. 1999).

Cannabinoids interact with a multitude of neurotransmitters and neuro-
modulators (Dewey 1986; Pertwee 1992), among them acetylcholine, do-
pamine,� -aminobutyric acid (GABA), histamine, serotonin, glutamate,
norepinephrine, prostaglandins and opioid peptides (see Table 8.1). A num-
ber of pharmacological effects can be explained (at least in part) on the ba-
sis of such interactions. For example, tachycardia and hyposalivation with
dry mouth (Domino 1999; Mattes et al. 1994) are mediated by effects of
THC on release and turnover of acetylcholine (Domino 1999). In a rat
model, cannabinoid agonists inhibited activation of 5-HT3 receptors, ex-
plaining antiemetic properties of cannabinoids to be based on interactions
with serotonin (Fan 1995). Therapeutic effects in movement and spastic disor-
ders could be ascribed in part to interactions with GABAergic, glutamergic
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and dopaminergic transmitters systems (Müller-Vahl et al. 2002; Musty and
Consroe 2002).

Cannabinoids influence the activity of most neurotransmitters in a com-
plex manner, which sometimes may result in contradictory effects with sup-
pression or induction/intensification of convulsion, emesis, pain and tremor
depending on subject and condition. Cannabis and dronabinol are used
against nausea and vomiting caused by antineoplastic drugs but rarely may
cause vomiting. They are used as analgesics but sometimes may increase
pain, etc. These observations are probably based on the control of these ef-
fects by several neuronal circuits influenced by cannabinoids. Influence on
neurotransmitters may depend on brain region. Thus, dopamine activity
may be reduced by cannabinoids in brain areas responsible for motor con-
trol (Giuffrida et al. 2001) but enhanced in the reward system (Gardner
2002). Interactions of cannabinoids with other neurotransmitter systems
may cause unexpected effects. While studies in animals have demonstrated
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TABLE 8.1. Neurotransmitter functions under cannabinoid control.

Neurotransmitter Associated disorder
Excitatory amino acids

Glutamate Epilepsy, nerve-cell death in ischemia and
hypoxia (stroke, head trauma, nerve gas toxicity)

Inhibitory amino acids

GABA Spinal cord motor disorders, epilepsy, anxiety

Glycine Startle syndromes

Monoamines

Noradrenaline Autonomic homeostasis, hormones, depression

Serotonin Depression, anxiety, migraine, vomiting

Dopamine Parkinson’s disease, schizophrenia, vomiting, pi-
tuitary hormones, drug addiction

Acetylcholine Neuromuscular disorders, autonomic homeosta-
sis (heart rate, blood pressure), dementia,
parkinsonism, epilepsy, sleep-wake cycle

Neuropeptides Pain, movement, neural development, anxiety

Source: Modified according to Baker et al. 2001.



that opioid receptor antagonists precipitated a cannabinoid-like withdrawal
syndrome in cannabinoid-dependent rats (Lichtman et al. 2001) and blocked
other effects related to behavioral effects of CB1 agonists (Braida et al. 2001;
Tanda et al. 1997), in humans opioid receptor antagonists did not block the
subjective effects of THC in one study (Wachtel and de Wit 2000) and even
increased the subjective effects THC in another study (Haney et al. 2003).

One important physiological role of endocannabinoids seems to be
neuroprotection (Mechoulam 2002). Ischemia and hypoxia in the CNS in-
duce abnormal glutamate hyperactivity and other processes that cause
neuronal damage. These processes also play a role in chronic neurode-
generative diseases such as Parkinson’s and Alzheimer’s disease and multi-
ple sclerosis. Neuroprotective mediators are also released in ischemia and
hypoxia, including anandamide and 2-AG. When these two cannabinoids
were administered after traumatic brain injury in animals, they reduced
brain damage (Mechoulam 2002). Neuroprotective cannabinoid mecha-
nisms observed in animal studies include reduction of glutamate toxicity by
inhibition of excessive glutamate production, inhibition of calcium influx
into cells, antioxidant properties which reduce damage caused by oxygen
radicals and modulation of vascular tone (Grundy 2002; Hampson 2002;
Mechoulam 2002). THC was neuroprotective in rats given the toxic agent
ouabain. THC-treated animals showed reduced volume of edema by 22 per-
cent in the acute phase and 36 percent less nerve damage after 7 days (van
der Stelt et al. 2001). Whether these effects may be of therapeutic benefit in
acute or chronic diseases has to be elucidated. Clinical studies under way
investigating the therapeutic potential of a non-psychotropic derivative of
THC in acute conditions (head trauma, stroke and nerve gas intoxication)
showed initial positive results (Knoller et al. 2002).

CIRCULATORY SYSTEM

THC can induce tachycardia (Perez-Reyes 1999) and increase cardiac
output with increased cardiac labor and oxygen demand (Tashkin et al.
1977). It can also produce peripheral vasodilation, orthostatic hypotension
(Benowitz and Jones 1975; Hollister 1986) and reduced platelet aggrega-
tion (Formukong et al. 1989). There was no change of mean global cerebral
blood flow after smoking cannabis but increases and decreases in several re-
gions (O’Leary et al. 2002).

In young healthy subjects the heart is under control of the vagus which
mediates bradycardia. Tachycardia by THC may easily be explained by
vagal inhibition (inhibited release of acetylcholine) through presynaptic
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CB1 receptors (Szabo et al. 2001), which can be attenuated by beta-blockers
(Perez-Reyes 1999) and blocked by the selective CB1 antagonist SR141716A
(Huestis et al. 2001). Regular use can lead to bradycardia (Benowitz and
Jones 1975). The endogenous cannabinoid system seems to play a major
role in the control of blood pressure. Hypotension is mediated by central in-
hibition of the sympathetic nervous system, obviously by activation of CB1
receptors since this effect can also be prevented by a CB1 antagonist (Lake
et al. 1997). Endocannabinoids are produced by the vascular endothelium,
circulating macrophages and platelets (Wagner et al. 1998). Vascular resis-
tance in the coronaries and the brain is lowered primarily by direct activa-
tion of vascular cannabinoid CB1 receptors (Wagner et al. 2001).

SOME OTHER ORGAN SYSTEMS AND EFFECTS

Antibacterial and Antiviral Actions

Antibacterial actions have been demonstrated for CBD, CBG and THC
(Van Klingeren and Ten Ham 1976). Incubation with THC reduced the in-
fectious potency of herpes simplex viruses (Lancz et al. 2002).

Appetite and Eating

The endogenous cannabinoid system plays a critical role in milk inges-
tion of newborn mice (Fride et al. 2003). Blockade of the CB1 receptor re-
sults in death of newborns in this setting (Fride and Shohami 2002).
Anandamide induces overeating in rats through a CB1-receptor-mediated
mechanism (Williams and Kirkham 1999). Endocannabinoids in the hypo-
thalamus are part of the brain’s complex system for controlling appetite
which is regulated by leptin (Di Marzo et al. 2001). Leptin is the primary
signal through which the hypothalamus senses nutritional state and mod-
ulates food intake and energy balance. Leptin reduces food intake by
upregulating appetite-reducing neuropeptides, such as alpha-melanocyte-
stimulating hormone, and downregulating appetite-stimulating factors, pri-
marily neuropeptide Y. In animal research reduced levels of leptin were as-
sociated with elevated levels of endocannabinoids in the hypothalamus, and
application of leptin reduced endocannabinoid levels (Di Marzo et al.
2001). Cannabinoid-induced eating is ascribed to an increase of the incen-
tive value of food (Williams and Kirkham 2002).
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Bones

Preliminary observations show that endocannabinoids seem to stimulate
bone formation (Mechoulam et al. 2003). Reverse transcription polymerase
chain reaction of differentiating osteoblastic precursor cells demonstrated
progressive increase in mRNA levels of CB2 but not of CB1. In addition,
normal mice treated systematically with 2-AG showed a dose dependent in-
crease in trabecular bone formation (Mechoulam et al. 2003). The peptide
leptin is known to negatively regulate both osteoblastic and endocanna-
binoid activity (Di Marzo et al. 2001).

Digestive Tract

Cannabinoid agonists inhibit gastrointestinal motility and gastric empty-
ing in rats (Shook and Burks 1989). In a study with humans, THC caused a
significant delay in gastric emptying (McCallum et al. 1999). In addition,
CB agonists inhibited pentagastrin-induced gastric acid secretion in the rat
(Coruzzi et al. 1999), mediated by suppression of vagal drive to the stomach
through activation of CB1 receptors (Adami et al. 2002).

Eye

The evidence of cannabinoid receptors at different sites (anterior eye,
retina, corneal epithelium) suggests that cannabinoids influence different
physiological functions in the human eye (Pate 2002). Vasodilation in the eye is
observed as conjunctival reddening after THC exposure (Dewey 1986). THC
and some other cannabinoids decrease intraocular pressure (Colasanti
1990; Pate 2002). CB1 receptors in the eye are involved in this effect while
CB2 receptor agonists do not reduce intraocular pressure (Laine et al.
2003).

Genetic and Cell Metabolism

THC can inhibit DNA, RNA and protein synthesis, and can influence the
cell cycle. However, very high doses are required to produce this effect in vitro
(Tahir et al. 1992). Cannabinoid agonists inhibited human breast cancer cell
proliferation in vitro (De Petrocellis et al. 1998; Melck et al. 2000), and,
directly applied at the tumor site, showed antineoplastic activity against malig-
nant gliomas in rats (Galve-Roperh et al. 2000).
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Hormonal System and Fertility

THC interacts with the hypothalamic-pituitary adrenal axis influencing
numerous hormonal processes (Murphy 2002). Minor changes in human
hormone levels due to acute cannabis or THC ingestion usually remain in
the normal range (Hollister 1986). Tolerance develops to these effects, how-
ever, and even regular cannabis users demonstrate normal hormone levels.

Immune System

Animal and cell experiments have demonstrated that THC exerts com-
plex effects on cellular and humoral immunity (Cabral 2002; Melamede
2002). It is not clear whether and to what extent these effects are of clinical
relevance in humans with respect to beneficial inflammation (Evans et al.
1987; Sofia et al. 1973), allergies (Jan et al. 2003), autoimmune processes
(Melamede 2002) and undesirable effects (decreased resistance toward
pathogens and carcinogens) (Cabral 2002). THC was shown to modulate
the immune response of T lymphocytes (Yuan et al. 2002). It suppressed the
proliferation of T cells and changed the balance of T helper 1 (Th1) and T
helper 2 (Th2) cytokines. It decreased the proinflammatory Th1 reaction
(e.g., the production of interferon-gamma) and increased the Th2 reaction.
This may explain why THC is effective against inflammation with a strong
Th1 reaction, e.g., in multiple sclerosis, Crohn’s disease and arthritis. The
regulation of the activation and balance of human Th1/Th2 cells seems to be
mediated by a CB2 receptor-dependent pathway (Yuan et al. 2002).

Sperm

After several weeks of daily smoking eight to ten cannabis cigarettes, a
slight decrease in sperm count was observed in humans, without impair-
ment of their function (Hembree et al. 1978). In animal studies high doses
of cannabinoids inhibited the acrosome reaction (Chang et al. 1993).

PHARMACOLOGICAL ACTIVITY
OF THC METABOLITES

11-Hydroxy- 9-THC

The most important psychotropic metabolite of� 9-THC is 11-OH-� 9-
tetrahydrocannabinol (11-OH-THC) (Figure 8.6), with a similar spectrum
of actions and similar kinetic profiles as the parent molecule (Lemberger
et al. 1972; Perez-Reyes et al. 1972). After intravenous administration in
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humans, 11-OH-THC was equipotent to THC in causing psychic effects
and reduction in intraocular pressure (Perez-Reyes et al. 1972). In some
pharmacological animal tests, 11-OH-THC was three to seven times more
potent than THC (Karler and Turkanis 1987).

11-Nor-9-Carboxy- 9-THC

The most important nonpsychotropic metabolite of� 9-THC is 11-nor-9-
carboxy-THC (THC-COOH) (Figure 8.7). It possesses anti-inflammatory and
analgesic properties by mechanisms similar to nonsteroidal anti- inflammatory
drugs (Burstein et al. 1989; Burstein 1999; Doyle et al. 1990).THC-COOH
antagonizes some effects of the parent drug through an unknown mecha-
nism, e.g., the cataleptic effect in mice (Burstein et al. 1987). Ajulemic acid
(CT-3), a synthetic derivative of THC-COOH, shows a similar pharmaco-
logical profile as the natural substance. Recently, a possible mechanism of
action was proposed for this derivative (Liu et al. 2003). Ajulemic acid
bounds directly and specifically to the peroxisome proliferator-activated re-
ceptor gamma (PPAR gamma), a pharmacologically important member of
the nuclear receptor superfamily. In addition, it was shown that ajulemic
acid inhibited interleukin-8 promoter activity in a PPAR gamma-dependent
manner, suggesting a link between the anti-inflammatory action of the
cannabinoid acid and the activation of PPAR gamma.
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PHARMACOLOGICAL EFFECTS
OF OTHER CANNABINOIDS

Phytocannabinoids

Cannabidiol (CBD) is a nonpsychotropic cannabinoid, for which sedat-
ing (Zuardi et al. 2002), antiepileptic (Karler and Turkanis 1981), anti-
dystonic (Consroe et al. 1986), antiemetic (Parker et al. 2002) and anti-
inflammatory (Malfait et al. 2000) effects have been observed. It reduced
intraocular pressure (Colasanti et al. 1984), was neuroprotective (Hampson
2002) and antagonized the psychotropic and several other effects of THC
(Zuardi et al. 1982). Anxiolytic and antipsychotic properties might prove
useful in psychiatry (Zuardi et al. 1982; Zuardi et al. 2002).

The nonpsychotropic cannabinoids cannabigerol (CBG) and cannabi-
chromene (CBC) showed sedative effects. CBG has been observed to de-
crease intraocular pressure (Colasanti 1990), showed antitumor activity
against human cancer cells (Baek et al. 1998) and has antibiotic properties.

Endocannabinoids

Anandamide (arachidonylethanolamide), an endocannabinoid, produces
pharmacological effects similar to those of THC. However, there are appar-
ently some significant differences to THC. Under certain circumstances,
anandamide acts as a partial agonist at the CB1 receptor (Fride et al. 1995),
and very low doses of anandamide antagonized the actions of THC. It is as-
sumed that low doses of anandamide activated stimulating Gs protein path-
ways and not inhibiting Gi proteins, or caused an allosteric modulation of
the cannabinoid receptor (Fride et al. 1995).

Classical Synthetic Cannabinoids

Among the classical synthetic cannabinoids that retain the phytocanna-
binoid ring structures and their oxygen atoms are nabilone (Figure 8.8),
HU-210 and HU-211 (Figure 8.9). Nabilone is available by prescription in
several countries with a similar pharmacological profile as THC (Archer
et al. 1986). HU-210, an analogue of� 8-THC with a dimethylheptyl side
chain, is between 80 and 800 times more active than THC (Little et al. 1989;
Ottani and Giuliani 2001), while its enantiomer (mirror image) HU-211 is
completely devoid of psychoactivity (Titishov et al. 1989). The latter, also
called dexanabinol, is an NMDA antagonist with neuroprotective proper-
ties in hypoxia and ischemia (Mechoulam and Shohami 2002). It is under
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clinical investigation for the treatment of brain injuries and stroke (Mech-
oulam and Shohami 2002). CT-3 or ajulemic acid (Figure 8.10), a derivative
of the � 8-THC metabolite THC-COOH, is under clinical investigation for
the treatment of inflammation and pain (Burstein 2002; Perez-Reyes et al.
1976).

Nonclassical Synthetic Cannabinoids

Levonantradol, from Pfizer, under clinical investigation for the treatment
of pain (Jain et al. 1981) and the side effects of chemotherapy (Citron et al.
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1985) and radiotherapy (Lucraft and Palmer 1982), is a nonclassical
cannabinoid with a more radical deviation of the typical structure. Other
nonclassical cannabinoids are the aminoalkylindol WIN-55,212-2, which
has a 6.75-fold selective affinity toward the CB2 receptor (Showalter et al.
1996) and the bicyclic cannabinoid analogue CP-55,940, a widely used ag-
onist for the testing of cannabinoid receptor affinity, with potency 4 to 25
times greater than THC, depending on assay (Melvin et al. 1993).

Anandamide Analogues

Several anandamide congeners have been synthesized (Abadji et al. 1994),
among them (R)-(+)-� -methanandamide that possesses both a fourfold higher
affinity for the CB1 receptor and a greater catabolic resistance than
anandamide. Fatty-acid-based compounds have been synthesized that mimic
the structure of anandamide, but act as inhibitors of the catabolic amidase en-
zyme, the “fatty acid amide hydrolase” (FAAH) (Di Marzo 1998).

AM-404 is a synthetic fatty amide that acts as a selective inhibitor of
anandamide transport, thus preventing cellular reuptake of anandamide
(Beltramo et al. 1997) and increasing circulating anandamide levels (Giuf-
frida et al. 2001).

Therapeutic Potential of Antagonists

SR141716A (Figure 8.11) has been shown to improve memory in ro-
dents (Terranova et al. 1996) and cause hyperalgesia (Jaggar et al. 1998).
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This antagonist was also able to block the psychological and physiological
effects of THC in humans in a dose-dependent manner (Huestis et al. 2001).
A possible therapeutic potential was proposed for obesity (Huestis et al.
2001), schizophrenia (Huestis et al. 2001), in conditions with lowered
blood pressure, e.g., liver cirrhosis (Wagner et al. 2001), Parkinson’s dis-
ease (Di Marzo, Hill, et al. 2000), Huntington’s disease (Müller-Vahl et al.
1999), alcohol dependency (Vacca et al. 2002; Racz et al. 2003) and to im-
prove memory in Alzheimer’s disease (Huestis et al. 2001).

TOLERANCE AND DEPENDENCY

Tolerance

Tolerance develops to most of the THC effects (Romero et al. 1997),
among them the cardiovascular, psychological and skin hypothermic ef-
fects (Jones et al. 1976; Stefanis 1978), analgesia (Bass and Martin 2000),
immunosuppression (Luthra et al. 1980), corticosteroid release (Miczek
and Dixit 1980), and disruption of the hypothalamo-hypophyseal axis (Smith
et al. 1983), causing alterations in endocannabinoid formation and contents
in the brain (Di Marzo, Berrendero, et al. 2000). In a 30-day study, volun-
teers received daily doses of 210 mg oral THC and developed tolerance to
cognitive and psychomotor impairment and to the psychological high by
the end of the study (Jones and Benowitz 1976). After a few days an in-
creased heart rate was replaced by a normal or a slowed heart rate. Toler-
ance develops also to orthostatic hypotension (Benowitz and Jones 1975).

Tolerance can mainly be attributed to pharmacodynamic changes, pre-
sumably based on receptor downregulation and/or receptor desensitisation
(Di Marzo, Berrendero, et al. 2000; Rubino, Vigano, Massi, et al. 2000).
Rate and duration of tolerance varies with different effects. Rats receiving
THC over a period of five days exhibited a decreased specific binding rang-
ing from 20 to 60 percent in different receptor sites of the brain compared to
controls (Romero et al. 1997). However, in another study no significant al-
teration in receptor binding was observed after chronic administration of
THC resulting in a 27-fold behavioral tolerance (Abood et al. 1993). Chronic
administration of anandamide as well resulted in behavioral tolerance without
receptor down-regulation (Rubino, Vigano, Costa, et al. 2000), and it was
proposed that desensitization of the CB1 receptor might account for this
observation (Rubino, Vigano, Costa, et al. 2000). Tolerance has been obser-
ved to occur together with modified biotransformation activities with
regard to mitochondrial oxygen consumption, monooxygenase activities,
and the content of liver microsomal cytochrome P-450 (Costa et al. 1996).
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However, only a small proportion of tolerance can be attributed to changes
in metabolism (Hunt and Jones 1980).

Withdrawal and Dependency

After abrupt cessation of chronic dosing with high doses of THC, with-
drawal has been observed in humans (Georgotas and Zeidenberg 1979;
Jones et al. 1976). Subjects complained of inner unrest, irritability, and in-
somnia and presented “hot flashes,” sweating, rhinorrhea, loose stools, hic-
cups, and anorexia. Withdrawal symptoms in humans are usually mild and
the risk for physical and psychic dependency is low compared to opiates, to-
bacco, alcohol and benzodiazepines (Anthony et al. 1994; Kleiber et al.
1997; Roques 1998). A review of several indicators of the abuse potential of
oral dronabinol in a therapeutic context found little evidence of such a
problem (Calhoun et al. 1998).

THERAPEUTIC USES

Cannabis preparations have been employed in the treatment of numer-
ous diseases, with marked differences in the available supporting data
(British Medical Association 1997; Grotenhermen and Russo 2002;
House of Lords 1998; Joy et al. 1999). Besides phytocannabinoids, sev-
eral synthetic cannabinoid derivatives are under clinical investigation that
are devoid of psychotropic effects, and modulators of the endocanna-
binoid system (re-uptake inhibitors, antagonists at the CB receptor, etc.)
will presumably follow.

Clinical studies with single cannabinoids, or, less often with whole plant
preparations (smoked marijuana, encapsulated cannabis extract), have of-
ten been inspired by positive anecdotal experiences of patients employing
crude cannabis products (usually without legal sanction). The antiemetic
(Dansak 1997) and the appetite-enhancing effects (Plasse et al. 1991), mus-
cle relaxation (Clifford 1983), analgesia (Noyes and Baram 1974) and ther-
apeutic use in Tourette’s syndrome (Müller-Vahl et al. 1997) were all
discovered or rediscovered in this manner.

Incidental observations have also revealed therapeutically useful effects.
This occurred in a study of Volicer et al. (1997) in patients with Alzheimer’s
disease wherein the primary issue was an examination of the appetite-stim-
ulating effects of� 9-THC. Not only appetite and body weight increased, but
disturbed behavior among the patients also decreased following the intake
of the drug. The discovery of decreased intraocular pressure with THC ad-
ministration in the beginning of the 1970s was also serendipitous (Hepler
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and Frank 1971), when several research groups screened for effects of mari-
juana on the human body.

HIERARCHY OF THERAPEUTIC EFFECTS

Possible indications for cannabis preparations have been extensively re-
viewed (British Medical Association 1997; Grinspoon and Bakalar 1993;
Grotenhermen and Russo 2002; Gotenhermen 2002b; House of Lords 1998;
Joy et al. 1999; Mathre 1997; Mechoulam 1986). To do justice to the scien-
tific evidence with regard to different indications, a hierarchy of therapeutic
effects can be devised, with established, relatively well-confirmed, less
confirmed and effects at a basic research stage. However, the history of re-
search into the therapeutic benefits of cannabis and cannabinoids has
demonstrated that the scientific evidence for a specific indication does not
necessarily reflect the actual therapeutic potential for a given disease, but
sometimes obstacles to clinical research.

Established Effects

Marinol (dronabinol,� 9-THC) is approved for medical use in refractory
nausea and vomiting caused by antineoplastic drugs used for the treatment
of cancer (Abrahamov and Mechoulam 1995; Dansak 1997; Lane et al.
1991; Sallan et al. 1980) and for appetite loss in anorexia and cachexia of
HIV/AIDS patients (Beal et al. 1995, 1997; Plasse et al. 1991). These ef-
fects can be regarded as established effects for THC and cannabis. THC is
also effective in cancer cachexia (Jatoi et al. 2002) and nausea induced by
syrup of ipecac (Soderpalm et al. 2001). Cesamet (nabilone) is approved for
nausea and vomiting associated with cancer chemotherapy.

Relatively Well-Confirmed Effects

Spasticity due to spinal cord injury (Brenneisen et al. 1996; Maurer et al.
1990; Petro 1980), multiple sclerosis (MS) (Brenneisen et al. 1996; Kille-
stein et al. 2002; Martyn et al. 1995; Meinck et al. 1989; Petro 1980; Petro
and Ellenberger 1981; Ungerleider et al. 1987) and other reasons (Lorenz
2002), chronic painful conditions, especially neurogenic pain (Elsner et al.
2001; Holdcroft et al. 1997; Maurer et al. 1990; Notcutt et al. 2001a,b;
Noyes, Brunk, Avery, and Canter 1975; Noyes, Brunk, Baram, and Canter
1975; Petro 1980; Wade et al. 2003), movement disorders (including
Tourette’s syndrome, dystonia and levodopa-induced dyskinesia) (Clifford
1983; Fox et al. 2002; Hemming and Yellowlees 1993; Müller-Vahl et al.
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1999, 2002; Müller-Vahl et al. 2003a,b; Sandyk and Awerbuch 1998;
Sieradzan et al. 2001), asthma (Hartley et al. 1978; Tashkin et al. 1974; Wil-
liams et al. 1976) and glaucoma (Crawford and Merritt 1979; Hepler and
Frank 1971; Hepler and Petrus 1976; Merritt et al. 1980; Merritt et al. 1981)
can be regarded as relatively well-confirmed effects with small placebo-
controlled trials demonstrating benefits. However, results were sometimes
conflicting. In contrast to other studies, Clermont-Gnamien et al. (2002) did
not find any therapeutic effect of oral dronabinol titrated to the maximum
dose of 25 mg/day (mean dose: 15 ± 6 mg), during an average of 55 days in
seven patients with chronic refractory neuropathic pain. Killestein et al.
(2002) were unable to find any benefits of THC and capsulated cannabis ex-
tract in MS patients with severe spasticity but doses applied (23 2.5 mg or
23 5 mg THC) were probably too low to get the desired therapeutic effects.

Less Confirmed Effects

There are several indications in which mainly case reports suggest bene-
fits. These are allergies (Schnelle et al. 1999), inflammation (Joy et al.
1999), epilepsy (Gordon and Devinsky 2001), intractable hiccups (Gilson
and Busalacchi 1998), depression (Beal et al. 1995), bipolar disorders
(Grinspoon and Bakalar 1998), anxiety disorders (Joy et al. 1999), depend-
ency to opiates and alcohol (Mikuriya 1970; Schnelle et al. 1999), with-
drawal symptoms (Mikuriya 1970) and disturbed behavior in Alzheimer’s
disease (Volicer et al. 1997).

BASIC RESEARCH STAGE

Basic research shows promising possible future therapeutic uses, among
them neuroprotection in hypoxia and ischemia due to traumatic head injury,
nerve gas damage and stroke (Hampson 2002; Mechoulam and Shohami
2002). Some immunological mechanisms of THC hint to possible benefits
in autoimmune diseases, such as multiple sclerosis, arthritis, and Crohn’s
disease (Melamede 2002). In a murine model of multiple sclerosis, can-
nabinoids significantly improved the neurological deficits in a long-lasting
way. On a histological level they reduced microglial activation and de-
creased the number of CD4+ infiltrating T cells in the spinal cord (Arevalo-
Martin et al. 2003). Another group found that amelioration of clinical dis-
ease in the same MS model was associated with down-regulation of myelin
epitope-specific Th1 effector functions (delayed-type hypersensitivity and
IFN-gamma production) and the inhibition of the proinflammatory cy-
tokines, TNF-alpha, interleukin 1-beta, and interleukin-6 (Croxford and
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Miller 2003). Several phytocannabinoids possess an anti-allergic potential.
THC and cannabinol attenuated the increase of the interleukins IL-2, IL-4,
IL-5, and IL-13 in reaction to sensitization with ovalbumin in mice. In addi-
tion, the elevation of serum IgE and the mucus overproduction induced by
ovalbumin was markedly attenuated by the two cannabinoids (Jan et al.
2003).

Antineoplastic activity of THC came into the focus of research after a
long-term animal study, designed to investigate THC’s potential carcinoge-
nicity, resulted in better survival of rats dosed with THC than controls due
to lower incidence for several types of cancer (Chan et al. 1996). Frequency
of testicular interstitial cell, pancreas and pituitary gland adenomas in male
rats and mammary gland fibroadenoma and uterus stromal polyp in female
rats was reduced in a dose-related manner. Later studies showed that can-
nabinoids exerted antineoplastic activity in malignant gliomas (Jacobsson
et al. 2001; Sanchez et al. 2001) and malignant skin tumors (Casanova et al.
2003). CB1 and CB2 receptor agonists were both effective. Cannabinoids
seem to be able to control the cell survival/death decision (Guzman et al.
2001). Thus cannabinoids may induce proliferation, growth arrest or apop-
tosis in a number of cells depending on dose (Guzman et al. 2001). Canna-
binoids were also shown to inhibit angiogenesis of malignant gliomas by at
least two mechanisms, direct inhibition of vascular endothelial cell migra-
tion and survival as well as the decrease of the expression of proangiogenic
factors (Blazquez et al. 2003). A first human Phase I-II trial to investigate
the tolerability and efficacy of intracranially applied THC (dronabinol) in
glioblastoma multiforme is underway in Spain.

Other fields of research are disorders of circulation and blood pressure
(Ralevic and Kendall 2001; Wagner et al. 2001). In rats, daily application of
a CB1 agonist after experimental infarction prevented signs of heart failure,
endothelial dysfunction and hypotension; however, the cannabinoid also in-
creased left-ventricular end-diastolic pressure, which may be negative in
the long run (Wagner et al. 2003).

Several effects observed in animal studies provide the basis for further
research, among them effects against diarrhea in mice (Izzo et al. 2000), in-
hibition of bronchospasm provoked by chemical irritants in rats (Calignano
et al. 2000) and stabilization of respiration in sleep-related breathing disor-
ders (e.g., apnea) (Carley et al. 2002).

Some effects that are usually regarded as side effects may be also of ad-
vantage in certain pathological situations, among them the disturbance of
short-term memory. Patients suffering from posttraumatic stress disorders
want to forget and there are anecdotal reports on their benefits from canna-
bis (Gieringer 2001). Animal research has demonstrated that CB1-deficient
mice showed strongly impaired short-term and long-term extinction of aversive
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memories (Marsicano et al. 2002), which may explain some of the anxiety-re-
ducing effects in post-traumatic stress disorder and similar conditions (Sah
2002).

DRUG INTERACTIONS

Interactions with other drugs may depend on activity on similar effector
systems or metabolic interactions (Pryor et al. 1976). Since cannabinoids
are strongly bound to proteins, interactions with other protein bound drugs
may also occur. They might also interact with drugs that, such as THC, are
metabolized by enzymes of the cytochrome P-450 complex. However, there
was only a minor influence of cannabis smoking and oral dronabinol on
pharmacokinetic parameters of antiretroviral medication used in HIV infec-
tion and metabolized by cytochrome P-450 enzymes, and the use of canna-
binoids was regarded as unlikely to impair antiretroviral efficacy (Kosel et
al. 2002). Tobacco and cannabis smoking cessation was reported to result in
elevated blood levels of antipsychotic medication (clozapine or olanza-
pine), due to cessation of induction of cytochrome P4501A2 (CYP1A2) by
smoke constituents (Zullino et al. 2002).

Other medicines may enhance or attenuate certain actions of THC or cer-
tain actions of these medicines may be enhanced or attenuated by THC
(Hollister 1999; Sutin and Nahas 1999). Moreover, it is possible that certain
effects are enhanced and others reduced, as is the case with phenothiazines
applied against side effects of cancer chemotherapy. In a study by Lane et al.
(1991), a combination of prochlorperazine and dronabinol was more effec-
tive in reducing unwanted effects of the antineoplastic medication than the
phenothiazine alone and the incidence of cannabinoid-induced adverse ef-
fects was decreased when dronabinol was combined with prochlorperazine,
which also has antipsychotic properties. Cannabis, caffeine and tobacco re-
duced the blood pressure reactivity protection of ascorbic acid, probably
through their dopaminergic effects (Brody and Preut 2002).

Of greatest clinical relevance is reinforcement of the sedating effects of
other psychotropic substances (alcohol, benzodiazepines), and the interac-
tion with substances that act on heart and circulation (amphetamines,
adrenaline, atropine, beta-blockers, diuretics, tricyclic antidepressants, etc.)
(Hollister 1999; Sutin and Nahas 1999).

A number of additive effects may be desirable, such as the enhance-
ment of muscle relaxants, bronchodilators and antiglaucoma medication
(Pate 2002), of analgesia by opiates (Welch and Eads 1999; Cichewicz
and McCarthy 2003), the antiemetic effect of phenothiazines (Lane et al.
1991), and the antiepileptic action of benzodiazepines (Koe et al. 1985).
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THC may antagonize the antipsychotic actions of neuroleptics (Sutin and
Nahas 1999) and may improve their clinical responsiveness in motor dis-
orders (Moss et al. 1989). A combination with other drugs may be desir-
able not only to reduce side effects of the single drugs but also to prevent
the development of tolerance. In animal studies, tolerance to morphine
was reduced by simultaneous administration of THC (Cichewicz and
Welch 2003). Chronic treatment with high doses of oral morphine pro-
duced a threefold tolerance of pain-reducing effects. Tolerance to mor-
phine was prevented in groups receiving a daily cotreatment with low
doses of THC (Cichewicz and Welch 2003).

Since the endocannabinoid system is linked with hormonal control there
may be interactions in this area. The progesterone receptor inhibitor mife-
pristone, which is approved for the termination of early pregnancy, and the
glucocorticoid synthesis inhibitor metyrapone was recently shown to po-
tentiate the sedating effects of high THC doses in mice (Pryce et al. 2003).

The cyclooxygenase inhibitors indomethacin, acetylsalicylic acid, and
other non-steroidal anti-inflammatory drugs antagonize THC effects. Indo-
methacin significantly reduced subjective “high” (Perez-Reyes et al. 1991),
tachycardia (Perez-Reyes et al. 1991), decrease of contractile performance
in heart muscle (Bonz et al. 2003) and decrease of intraocular pressure fol-
lowing topical THC (eye drops) (Green et al. 2001), reflecting the involve-
ment of cyclooxygenase activity in several THC effects.

CONCLUSIONS

The discovery, within the past 15 years, of a system of specific can-
nabinoid receptors in humans and their endogenous ligands has strongly
stimulated research with about 800 articles published in Medline listed
journals in 2002, compared to about 250 twenty years ago. It becomes ap-
parent that the endocannabinoid system is playing a major role in signal
transduction in neuronal cells, and arachidonylethanolamide (anandamide)
seems to be a central inhibitory compound in the central nervous system
(Mechoulam et al. 1998).

Mechanisms of action of cannabinoids are complex, not only involving
activation of and interaction at the cannabinoid receptor, but also activation
of vanilloid receptors (Jacobsson et al. 2001), influence of endocanna-
binoid concentration (Bisogno et al. 2001), antioxidant activity (Hampson
2002), metabolic interaction with other compounds, and several others.
There is still much to learn about the physiological role of the natural lig-
ands to the CB receptors and about long-term effects of cannabis use. How-
ever, due to the millennia-long use of cannabis for recreational, religious
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and medicinal purposes, which in recent decades was accompanied by sci-
entific investigation in several disciplines, we do not expect to encounter
with the medicinal use of cannabinoids the same unpleasant surprises that
occasionally occur with newly designed synthetic drugs.

Many people who suffer from severe illnesses have discovered cannabis
as a beneficial remedy, and public opinion surveys in Europe and North
America show that increasing numbers of citizens reject criminal prosecu-
tion of patients who benefit from the drug. The psychotropic and circulatory
effects of CB1 receptor agonists and the stigma of cannabis as a recreational
and addicting drug are still major obstacles to the legal therapeutic utiliza-
tion of the whole range of potentially beneficial effects. Properly designed
and executed clinical studies are necessary to verify anecdotal experiences
and the results from smaller uncontrolled studies, and to overcome uncer-
tainties and skepticism.

Aside from phytocannabinoids and cannabis preparations, cannabinoid
analogues that do not bind to the CB1 receptor are attractive compounds for
clinical research, among them dexanabinol and CT-3. Additional ideas for
the separation of the desired therapeutic effects from the psychotropic ac-
tion comprise the concurrent administration of THC and CBD, the design
of CB1 receptor agonists that do not cross the blood-brain barrier, and the
development of compounds that influence endocannabinoid levels by inhi-
bition of their membrane transport (transport inhibitors) or hydrolysis
(FAAH inhibitors). For example, blockers of anandamide hydrolysis were
able to reduce anxiety in animal tests (Kathuria et al. 2003). These benzo-
diazepine-like properties were accompanied by augmented brain levels of
anandamide and were prevented by CB1 receptor blockade. It is remarkable
that FAAH inhibitors may already be in clinical use as proposed by Fowler
(2003). The nonsteroidal anti-inflammatory agent fluriprofen inhibits the
metabolism of FAAH and intrathecally administrated fluriprofen reduced
inflammatory pain by a mechanism that was blocked by a CB1 receptor an-
tagonist (Fowler 2003).

The future will show which drugs that target the endogenous canna-
binoid system will follow dronabinol and nabilone into the pharmacy and
which indications will prove successful in clinical trials.
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UPDATE

Franjo Grotenhermen

Research into the pharmacodynamics of cannabinoids is quickly ad-
vancing. Additionally, inhibitors of endocannabinoid degradation and can-
nabinoid receptor blockers are interesting targets of clinical investigation.
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Besides Sanofi-Synthelabo, which is conducting Phase III trials with Rimo-
nabant, several other pharmaceutical companies have patented CB receptor
antagonists, among them Pfizer, Bayer, Merck, Solvay Pharmaceuticals,
Hoffmann-La Roche and AstraZeneca (Lange and Kruse 2004).

Further therapeutic uses have been suggested for CB receptor antagonists,
including problems in sexual behavior and sexual performance, and asthma
(Lange and Kruse 2004). It was reported that the density of CB1 receptors and
the levels of anandamide and 2-AG in the dorsolateral prefrontal cortex of al-
coholic suicide victims was higher than in a control group of chronic alcohol-
ics, suggesting a hyperactivity of endocannabinoidergic signaling and a ther-
apeutic potential for CB1 antagonists (Vinod et al. 2005).

Recently it has been shown that two selective inhibitors of the putative
endocannabinoid transporter, and hence of endocannabinoid inactivation,
provide an effective therapy for Theiler murine encephalomyelitis, a virus-
induced demyelinating disease and animal model of multiple sclerosis
(Mestre et al. 2005). Treatment of infected mice with the transport inhibi-
tors OMDM1 and OMDM2 enhanced anandamide levels in the spinal cord,
ameliorated motor symptoms and decreased inflammatory responses. This
effect resembles that of exogenous cannabinoid receptor agonists (Ni et al.
2004).

The endocannabinoid system may also serve as a novel approach to the
treatment of anxiety-related disorders. Endocannabinoid signaling nega-
tively modulates the function of the hypothalamic-pituitary-adrenal axis in
a context-dependent manner (Patel et al. 2004). Upon exposure of mice to
acute stress, hypothalamic 2-arachidonoyl glycerol content was reduced
compared with the control value; however, after five days of stress that re-
sulted in an attenuated corticosterone response, the hypothalamic 2-AG
content was increased compared with the control value. The CB1 receptor
agonist CP55940 reduced blood corticosterone levels in stressed mice
while a CB1 receptor antagonist increased corticosterone concentrations
(Patel et al. 2004). A similar effect was achieved by the administration of
the putative endocannabinoid transport inhibitor AM404 or the FAAH in-
hibitor URB597. Another group observed reduced hippocampal 2-AG lev-
els following chronic stress (Hill et al. 2005). Chronic stress impaired rever-
sal learning and induced perseveratory behavior in the Morris water maze,
an impairment that was reversed by exogenous cannabinoid administration,
suggesting deficient endocannabinoid signaling.

Anandamide levels during pregnancy show a characteristic pattern
(Habayeb et al. 2004). Mean plasma levels were 0.9 nanomole (nm) in the
first trimester and 0.4 nm in the second and third trimester. During labor,
anandamide plasma levels rose to 2.5 nm. Postmenopausal and luteal-phase
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levels were similar to those in the first trimester. It is currently unclear
whether implantation of the embryo can be disrupted by THC or cannabis.

The consequences of the use of cannabis products by patients with liver
cirrhosis is unclear. In experimental studies activation of the CB2 receptor
was shown to cause antifibrogenic effects (Julien et al. 2005). In liver bi-
opsy specimens from patients with active cirrhosis of various etiologies,
CB2 receptors were expressed in non-parenchymal cells. In contrast, CB2
receptors were not detected in normal human liver. In cultured hepatic
myofibroblasts and in activated hepatic stellate cells activation of CB2 re-
ceptors triggered potent antifibrogenic effects, namely, growth inhibition
and apoptosis. On the other hand, an epidemiological study suggests that
daily use of cannabis may promote the development of liver cirrhosis in per-
sons with chronic hepatitis C, while moderate use did not increase the risk
(Hezode et al. 2005).

Foci of continued interest are the neuroprotective effects of canna-
binoids, among them possible therapeutic effects in Alzheimer’s disease
(AD). Enhanced amyloid-beta peptide deposition along with glial cell acti-
vation in senile plaques plays a major role in the pathology of AD. CB1 pos-
itive neurons are greatly reduced in areas of microglial activation and CB1
receptor protein expression is markedly decreased in AD brains (Ramirez et
al. 2005). Amyloid-beta induced activation of microglial cells, cognitive
impairment and loss of neuronal markers was prevented by cannabinoids in
rats (Ramirez et al. 2005).

Case reports suggest that cannabis may have medicinal value in atten-
tion-deficit hyperactivity disorder (ADHD). Basic research with an animal
model of ADHD, the spontaneously hypertensive rat (SHR), gives support
to this observation (Adriani et al. 2003). A very impulsive subgroup of SHRs
presented a reduced density of CB1 cannabinoid receptors in the prefrontal
cortex of the brain. The administration of WIN55,212-2 normalized the im-
pulsive behavioral profile in this subgroup but had no effect on controls.

Experimental research also suggests that some cannabinoids may be pro-
tective in a quite different area, preventing cartilage resorption, in part, by
inhibiting proteoglycan degradation and also by inhibiting cytokine pro-
duction of chondrocytes induced by the free radical nitric oxide (NO)
(Mbvundula et al. 2005).

Current clinical research with cannabis-based drugs has focused promi-
nently on neuropathic pain and spasticity. Berman et al. (2004) observed a
significant decrease in pain and improved sleep by two different cannabis
extracts in 48 patients with neuropathic pain from brachial plexus avulsion
(Berman et al. 2004). And there are several reports of pain reduction in mul-
tiple sclerosis by THC (Svendsen et al. 2004; Zajicek et al. 2003) and
cannabis (Zajicek et al. 2003). One new publication described significant
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analgesic effects of THC and cannabis in chronic pain of different origins
(multiple sclerosis, spinal cord injury, brachial plexus avulsion, stiff-man
syndrome, etc.) (Notcutt et al. 2004). In contrast to these studies Attal et al.
(2004) found a therapeutic effect of oral THC in only one of seven patients
with chronic refractory neuropathic pain.

Large placebo-controlled trials for the investigation of the efficacy of
cannabis and THC in spasticity were restricted to MS patients (Brady et al.
2004; Vaney et al. 2004; Wade et al. 2004; Zajicek 2004; Zajicek et al.
2003), and there is only one small study on cannabinoids in spasticity due to
spinal cord injury conducted in the past few years (Hagenbach et al. 2005).
Most studies usually found significant effects in only subjective parameters
but not in objective spasticity scores (Vaney et al. 2004; Wade et al. 2004;
Zajicek et al. 2003). Preliminary results of a first long-term study of THC
and cannabis in MS suggest that THC may have long-term beneficial ef-
fects on the course of the disease (Zajicek 2004). Results of the short-term
trial (15 weeks) with 630 eligible patients had been conflicting (Zajicek et
al. 2003). Eighty percent of the original study population participated in a
12-month follow-up study. In the 15-week study, 657 patients with stable
MS and muscle spasticity received a maximum daily dose of 10 to 25 mg
THC as single agent or in a cannabis extract. There was no significant effect
of cannabinoids on objective spasticity scores according to the Ashworth
scale, but patients reported subjective improvements in pain and spasticity.
In the long-term study there was a significant improvement of spasticity
scores in the THC group.
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Chapter 9

Cannabis and Cannabis Extracts:
Greater Than the Sum of Their Parts?

John M. McPartland
Ethan B. Russo

INTRODUCTION

Cannabis is an herb; it contains hundreds of pharmaceutical compounds
(Turner et al. 1980). Herbalists contend that polypharmaceutical herbs pro-
vide two advantages over single-ingredient synthetic drugs: (1)therapeutic
effectsof the primary active ingredients in herbs may be synergized by other
compounds, and (2)side effectsof the primary active ingredients may be miti-
gated by other compounds. Thus, cannabis has been characterized as a “syner-
gistic shotgun,” in contrast to Marinol (� 9-tetrahydrocannabinol, THC), a syn-
thetic, single-ingredient “silver bullet” (McPartland and Pruitt 1999).

Mechoulam et al. (1972) suggested that other compounds present in herbal
cannabis might influence THC activity. Carlini et al. (1974) determined that
cannabis extracts produced effects “two or four times greater than that expected
from their THC content.” Similarly, Fairbairn and Pickens (1981) detected the
presence of unidentified “powerful synergists” in cannabis extracts causing
330 percent greater activity in mice than THC alone.

Other compounds in herbal cannabis may ameliorate the side effects of
THC. Whole cannabis causes fewer psychological side effects than syn-
thetic THC, seen as symptoms of dysphoria, depersonalization, anxiety,
panic reactions, and paranoia (Grinspoon and Bakalar 1997). This differ-
ence in side effect profiles may also be due, in part, to differences in admin-
istration: THC taken by mouth undergoes “first-pass metabolism” in the
small intestine and liver, to 11-hydroxy-THC; the metabolite is more psy-

The authors thank David Pate and Vincenzo Di Marzo for presubmission reviews.

Handbook of Cannabis Therapeutics
© 2006 by The Haworth Press, Inc. All rights reserved.

doi:10.1300/5741_10 171



choactive than THC itself (Browne and Weissman 1981). Inhaled THC under-
goes little first-pass metabolism, so less 11-hydroxy-THC is formed. Thus,
“smoking cannabis is a satisfactory expedient in combating fatigue, headache
and exhaustion, whereas the oral ingestion of cannabis results chiefly in a nar-
cotic effect which may cause serious alarm” (Walton 1938, p. 49).

Respiratory side effects from inhaling cannabis smoke may be amelio-
rated by both cannabinoid and noncannabinoid components in cannabis.
For instance, throat irritation may be diminished by anti-inflammatory
agents, mutagens in the smoke may be mitigated by antimutagens, and bac-
terial contaminants in cannabis may be annulled by antibiotic compounds
(McPartland and Pruitt 1997). The pharmaceutically active compounds in
cannabis that enhance beneficial THC activity and reduce side effects are
relatively unknown. The purpose of this chapter is to review the biochemis-
try and physiological effects of those other compounds.

MATERIALS AND METHODS

MEDLINE (1966-2000) was searched using MeSH keywords:canna-
binoids, marijuana, tetrahydrocannabinol.AGRICOLA (1990-1999) was
searched using the keywordscannabis, hemp,andmarijuana.Phytochem-
ical and ethnobotanical databases were searched via the Agricultural Re-
search Service Web page (http://www.ars-grin.gov/~ngrlsb/). All reports
were scanned for supporting bibliographic citations; antecedent sources
were retrieved to the fullest possible extent. Data validity was assessed by
source (peer-reviewed article versus popular press), identification method-
ology (analytical chemistry versus clinical history), and the frequency of in-
dependent observations.

RESULTS AND DISCUSSION

Turner et al. (1980) listed more than 420 compounds in cannabis.
Sparacino et al. (1990) listed 200 additional compounds in cannabis smoke.
We will highlight six cannabinoids beyond THC, a dozen-odd terpenoids,
three flavonoids, and one phytosterol. Other noncannabinoids with proven
pharmacological activity include poorly characterized glycoproteins, alka-
loids, and compounds that remain completely unidentified (Gill et al.
1970).
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CANNABINOIDS

Mechoulam and Gaoni (1967) defined cannabinoids as a group of C21
terpenophenolic compounds uniquely produced by cannabis. The subse-
quent development of synthetic cannabinoids (e.g., HU-210) has blurred
this definition, as has the discovery of endogenous cannabinoids (e.g., ananda-
mide), defined as “endocannabinoids” by Di Marzo and Fontana (1995). Thus,
Pate (1999) proposed the termphytocannabinoidsto designate the C21
compounds produced by cannabis. Phytocannabinoids exhibit very low
mammalian toxicity, and mixtures of cannabinoids are less toxic than pure
THC (Thompson et al. 1973).

Cannabidiol (CBD) is the next-best studied phytocannabinoid after THC
(Table 9.1). The investigation of CBD by marijuana researchers is rather
paradoxical, considering its concentrations are notably lower in drug variet-
ies of cannabis than in fiber cultivars (Turner et al. 1980).

CBD possesses sedative properties (Carlini and Cunha, 1981), and a
clinical trial showed that it reduces the anxiety and other unpleasant psy-
chological side effects provoked by pure THC (Zuardi et al. 1982). CBD
modulates the pharmacokinetics of THC by three mechanisms: (1) it has a
slight affinity for cannabinoid receptors (Ki at CB1 = 4350 nM, compared
to THC = 41 nM; Showalter et al. 1996), and it signals receptors as an antag-
onist or reverse agonist (Petitet et al. 1998); (2) CBD may modulate signal
transduction by perturbing the fluidity of neuronal membranes, or by re-
modeling G proteins that carry intracellular signals downstream from
cannabinoid receptors; and (3) CBD is a potent inhibitor of cytochrome P450-
3A11 metabolism, thus it blocks the hydroxylation of THC to its 11-hydroxy
metabolite (Bornheim et al. 1995). The 11-hydroxy metabolite is four times
more psychoactive than unmetabolized THC (Browne and Weissman 1981)
and four times more immunosuppressive (Klein et al. 1987).

CBD provides antipsychotic benefits (Zuardi et al. 1995). It increases
dopamine activity, serves as a serotonin uptake inhibitor, and enhances
norepinephrine activity (Banerjee et al. 1975; Poddar and Dewey 1980).
CBD protects neurons from glutamate toxicity and serves as an antioxidant,
more potently than ascorbate and� -tocopherol (Hampson et al. 1998). Aus-
piciously, CBD doesnotdecrease acetylcholine (ACh) activity in the brain
(Domino 1976; Cheney et al. 1981). THC, in contrast, reduces hippocampal
ACh release in rats (Carta et al. 1998), and this correlates with loss of short-
term memory consolidation. In the hippocampus THC also inhibitsN-methyl-
D-aspartate (NMDA) receptor activity (Misner and Sullivan 1999; Shen
and Thayer 1999), and NMDA synaptic transmission is crucial for memory
consolidation (Shimizu et al. 2000). CBD, unlike THC, does not dampen
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TABLE 9.1. Phytocannabinoids.

Structure a
Concentration b

(% dry weight)
Boiling
point °C c Properties

� -9-tetrahydrocannabinol (THC) 0.1-25 157 Euphoriant
Analgesic
Antiinflammatory
Antioxidant
Antiemetic

cannabidiol (CBD) 0.1-2.89 160-180 Anxiolytic
Analgesic
Antipsychotic
Antiinflammatory
Antioxidant
Antispasmodic

cannabinol (CBN) 0.0-1.6 185 Oxidation
breakdown
product
Sedative
Antibiotic

cannabichromene (CBC) 0.0-0.65 220 Antiinflammatory
Antibiotic
Antifungal

cannabigerol (CBG) 0.03-1.15 MP
52

Antiinflammatory
Antibiotic
Antifungal
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the firing of hippocampal cells (Heyser et al. 1993) and does not disrupt
learning (Brodkin and Moerschbaecher 1997).

Consroe (1998) presented an excellent review of CBD in neurological
disorders. In some studies, it ameliorates symptoms of Huntington’s dis-
ease, such as dystonia and dyskinesia. CBD mitigates other dystonic condi-
tions, such as torticollis, in rat studies and uncontrolled human studies.
CBD functions as an anticonvulsant in rats, on a par with phenytoin (Dilan-
tin, a standard antiepileptic drug).
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TABLE 9.1 (continued)

Structure a
Concentration b

(% dry weight)
Boiling
point °C c Properties

� -8-tetrahydrocannabinol (� -8-THC) 0.0-0.1 175-178 Resembles � -9-
THC
Less psychoac-
tive
More stable
Antiemetic

tetrahydrocannabivarin (THCV) 0.0-1.36 < 220 Analgesic
Euphoriant

aStructures of constituents obtained from Bisset and Wichtl 1994; British Medi-
cal Association 1997; Buckingham 1992; Iversen 2000; Tisserand and Balacs
1995; Turner et al. 1980.

bConcentrations of constituents (v/w or w/w) were calculated from various
sources. Cannabinoid concentrations (presented as a range, including canna-
binoids and cannabinoidic acids) were primarily obtained from Small 1979;
Veszki et al. 1980; Fournier et al. 1987; and Pitts et al. 1992. Terpenoid data
(presented as maximum values) were calculated from Ross and ElSohly 1996;
and Mediavilla and Steinemann 1997. Flavonoid data came from Paris et al.
1976; and Barrett et al. 1986.

c Boiling/melting points (MP) recorded at atmospheric pressure (760 mmHg) un-
less otherise noted; values obtained from various sources, primarily Bucking-
ham 1992; Guenther 1948; Parry 1918; and Mechoulam (personal communi-
cation, April 2001).
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CBD demonstrated a synergistic benefit in the reduction of intestinal
motility in mice produced by THC (Anderson et al. 1974). This may be an
important component of observed benefits of cannabis in inflammatory
bowel diseases.

The CBD in cannabis smoke may explain why inhaling it causes less air-
way irritation and inflammation than inhalation of pure THC (Tashkin et al.
1977). CBD imparts analgesia (more potently than THC), it inhibits erythema
(much more than THC), it blocks cyclooxygenase (COX) activity with a
greater maximum inhibition than THC, and it blocks lipoxygenase (the en-
zyme that produces asthma-provoking leukotrienes), again more effectively
than THC (Evans 1991). Mice with inflammatory collagen- induced arthri-
tis (a mouse model for rheumatoid arthritis) were given oral CBD (5 mg/kg
per day) and showed clinical improvement, and the treatment effectively
blocked progression of the arthritis (Malfait et al. 2000).

CBD reportedly has little or no effect on the immune system (reviewed
by Klein et al. 1998), although the mouse arthritis study by Malfait et al.
(2000) showed CBD decreases the production of tumor necrosis factor
(TNF) and Interferon-gamma (IFN-� ), which are two immunomodulatory
cytokines described later. CBD actually kills bacteria and fungi, with
greater potency than THC (Klingeren and Ham 1976; ElSohly et al. 1982;
McPartland 1984). Thus, cannabis may have less microbial contamination
than other herbs, an important consideration for immunocompromised indi-
viduals (McPartland and Pruitt 1997).

Cannabinol (CBN) is the degradation product of THC (Turner et al.
1980), and is found most often in aged cannabis products (Table 9.1). CBN
potentiates the effects of THC in man (Musty et al. 1976), yet it antagonizes
the effects of THC in mice (Formukong et al. 1988). Studies reporting
CBN’s effects upon norepinephrine and dopamine also conflict—CBN may
have negligible effects on these biogenic amines (Banerjee et al. 1975), en-
hance their release (Poddar and Dewey 1980), or decrease their release
(Dalterio et al. 1985). CBN increases plasma concentrations of follicle-
stimulating hormone, and enhances the production of testicular testosterone
(Dalterio et al. 1985). CBN shares some characteristics with CBD; for ex-
ample, it has anticonvulsant activity (Turner et al. 1980) and anti-inflamma-
tory activity (Evans 1991).

CBN has affinity for CB1 receptors (Ki at CB1 = 308 nM) and signals as
an agonist (Showalter et al. 1996). Further down the signal transduction
cascade, it stimulates the binding of GTP-� -S (Petitet et al. 1998), but with
half the efficacy of THC; when CBN is added to THC, the effects are not
significantly additive. CBN has a threefold greater affinity for CB2 recep-
tors (Ki = 96 nM) (Showalter et al. 1996), thus it may affect cells of the im-
mune system more than the central nervous system (Klein et al. 1998). CBN
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modulates thymocytes (Herring and Kaminski 1999) by attenuating the
activity of the c-AMP response element-binding protein (CREB), nuclear
factor� B (NF-� B), and interleukin-2 (IL-2). IL-2 is regulated by activator
protein-1 (AP-1) transcription factor, a complex of c-Fos and c-Jun proteins
(Foletta et al. 1998); CBN inhibits the expression of these proteins in
splenocytes, via decreased activation of ERK MAP kinases (Faubert and
Kaminski 2000).

Cannabichromene (CBC) is the fourth major cannabinoid, found pre-
dominantly in tropicalCannabisspp. strains (Table 9.1). Until the mid-
1970s, CBC was frequently misidentified as CBD, because CBC and CBD
have nearly the same retention times in gas chromatography. Like CBD,
CBC decreases inflammation (Wirth et al. 1980) and provides analgesic ef-
fects (Davis and Hatoum 1983). CBC inhibits prostaglandin synthesis in vi-
tro, but less potently than CBD or THC (Burstein et al. 1973). CBC exhibits
strong antibacterial activity and mild antifungal activity, superior to THC
and CBD in most instances (ElSohly et al. 1982). Unlike CBD, CBC has no
effect on cytochrome P-450 enzymes (Kapeghian et al. 1983), nor does it
function as an anticonvulsant in rats (Davis and Hatoum 1983).

The molecular affinity of CBC for cannabinoid receptors has not been
measured. In mice, CBC causes hypothermia, sedation, and synergizes the
depressant effects of hexobarbital (Hatoum et al. 1981). CBC also sedates
dogs and decreases muscular coordination in rats, but causes no canna-
bimimetic activity in monkeys and people (Turner et al. 1980). In rats, the
coadministration of CBC with THC potentiates THC changes in heart rate,
but does not potentiate THC’s hypotensive effects (O’Neil et al. 1979). Co-
administration of CBC lowers the LD50 dose of THC in mice (Hatoum et al.
1981).

Cannabigerol (CBG) is the biosynthetic precursor of CBC, CBD, and
THC, and is present only in minor amounts (Table 9.1). CBG has been
called “inactive” when compared to THC, but CBG has slight affinity for
CB1 receptors, approximately the same as CBD (Devane et al. 1988). In rat
brains, CBG inhibits the uptake of serotonin and norepinephrine, less effec-
tively than CBD and THC, but CBG inhibits GABA uptake more effectively
than CBD and THC (Banerjee et al. 1975). CBG acts as an analgesic (more
potently than THC), it inhibits erythema (much more than THC), and it
blocks lipoxygenase, again more effectively than THC (reviewed by Evans
1991).

CBG has antibacterial properties (Mechoulam and Gaoni 1965). Its ac-
tivity against gram-positive bacteria, mycobacteria, and fungi is superior to
that of THC, CBD, and CBC (ElSohly et al. 1982). CBG inhibits the growth
of human oral epitheloid carcinoma cells (Baek et al. 1998).
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Delta-8-THC (� 8-THC) is an isomer of delta-9-THC; it differs only by
the location of the double bond in the cyclohexal C ring. The Ki of� 8-THC
is 126 nM (Compton et al. 1993), and this loosely correlates with human
studies, which show� 8-THC is less psychoactive than� 9-THC (Hollister
1974). The chemical stability of� 8-THC and its relative ease of synthesis
compared to� 9-THC have made� 8-THC the template for the development
of two important synthetic derivatives, the extremely potent psychoactive
CB1 agonist, HU-210 (Mechoulam and Ben-Shabat 1999), and the non-
psychoactive antiemetic and neuroprotectant, HU-211 (dexanabinol)
(Achiron et al. 2000; Biegon and Joseph 1995; Gallily et al. 1997).� 8-THC
was employed clinically in an important study (Abrahamov and Mechoulam
1995) in which 8 children with hematological malignancies were treatedwith
the drug over the course of 8 months at a dose of 18 mg/m2 to treat chemo-
therapy-associated nausea and vomiting. Interestingly, not only was this
agent uniformly effective as an antiemetic, but it was also free of psychoac-
tive effects in this age range (2 to 13 years).

Tetrahydrocannabivarin (THCV) is a propyl analogue of� 9-THC, primar-
ily appearing inindica andafghanicavarieties of cannabis, such as hashish
from Nepal (Merkus 1971), dagga from South Africa (Boucher et al. 1977),
and in plants cultivated from seeds from Zambia (Pitts et al. 1992) (Table
9.1). THCV is only 20 to 25 percent as psychoactive as� 9-THC (Hollister
1974). It has a quicker onset of action than� 9-THC (Gill et al. 1970) and is of
briefer duration (Clarke 1998). THCV may be clinically effective in migraine
treatment (Personal communication, HortaPharm, November 2000). Kubena
and Barry (1972) suggested THCV synergizes the effects of THC, but did not
hypothesize a mechanism. As a legal fine point, this analogue is not con-
trolled in the Netherlands, and is not specified in the United States as a Sched-
ule I drug, but would likely be considered illegal under the Controlled Sub-
stance Analogue Enforcement Act of 1986 (Public Law 99-570). THCV is of
interest from a medical-legal standpoint in that is has been suggested as a bio-
chemical marker of illicit cannabis use, since it is not a metabolite of Marinol
(synthetic THC) (ElSohly et al. 1999).

TERPENOIDS

The unique smell of cannabis does not arise from cannabinoids, but from
more than 100 terpenoid compounds (Turner et al. 1980). Terpenoids derive
from repeating units of isoprene (C5H8), such as monoterpenoids (with C10
skeletons), sesquiterpenoids (C15), diterpenoids (C20), and triterpenoids
(C30). The final structure of terpenoids ranges from simple linear chains to
complex polycyclic molecules, and they may include alcohol, ether, alde-
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hyde, ketone, or ester functional groups. These compounds are easily ex-
tracted from plant material by steam distillation or vaporization. This distil-
late is called theessential oilor volatile oil of the plant. A range of
researchers cite different yields of essential oil from different types of can-
nabis: Martin et al. (1961) cited yields of 0.05 to 0.11 percent essential oil
from fresh green leaves and flowers of mixed male and female plants, from
feral hemp growing in Canada. Nigam et al. (1965) yielded 0.1 percent es-
sential oil from fresh whole male plants from Kashmir. Malingré et al.
(1973) yielded 0.12 percent essential oil from fresh leaves of “strain X” ob-
tained from birdseed in the Netherlands. Ross and ElSohly (1996) yielded
0.29 percent essential oil from fresh marijuana buds, reputed to be the
Afghani variety “Skunk #1.” Drying the plant material led to a loss of water
content and net weight, concentrating the essential oil to 0.80 percent in
buds that had been dried at room temperature for one week (Ross and
ElSohly 1996).

Field-cultivated cannabis yields about 1.3 liter of essential oil per metric
ton of freshly harvested plant material (Mediavilla and Steinemann 1997).
Preventing pollination increases the yield of essential oil: 18 L/ha in sinse-
milla crops versus 8 L/ha in pollinated crops (Meier and Mediavilla
1998). The composition of terpenoids varies between strains of cannabis
(Mediavilla and Steinemann 1997) and varies between harvest dates (Meier
and Mediavilla 1998).

Many terpenoids vaporize near the same temperature as THC, which
boils at 157°C (see Tables 9.1 and 9.2). Terpenoids are lipophilic and per-
meate lipid membranes. Many cross the blood-brain barrier (BBB) after in-
halation (Buchbauer et al. 1993; Nasel et al. 1994).

Meschler and Howlett (1999) discussed several mechanisms by which
terpenoids modulate THC activity. For instance, terpenoids may bind to
cannabinoid receptors. Thujone, fromArtemisia absinthium, has a weak af-
finity for CB1 receptors (Ki at CB1 = 130,000 nM). Terpenoids might mod-
ulate the affinity of THC for its own receptor, by sequestering THC, by per-
turbing annular lipids surrounding the receptor, or by increasing the fluidity
of neuronal membranes. Further downstream, terpenoids may alter the sig-
nal cascade by remodeling G proteins. Terpenoids may alter the pharmaco-
kinetics of THC by changing the BBB; cannabis extracts are known to
cause a significant increase in BBB permeability (Agrawal et al. 1989).
Terpenoids may also act on other receptors and neurotransmitters. Some
terpenoids act as serotonin uptake inhibitors (as does Prozac), enhance
norepinephrine activity (as do tricyclic antidepressants), increase dopamine
activity (as do monoamine oxidase inhibitors and bupropion), and augment
GABA (as do baclofen and the benzodiazepines). Recently, strong seroto-
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TABLE 9.2. Terpenoid essential oil components of cannabis.

Cannabis constituent structure a
Concentration b

(% dry weight)
Boiling
point °C c Properties

� -myrcene 0.47 166-168 Analgesic
Anti-inflammatory
Antibiotic
Antimutagenic

� -caryophyllene 0.05 119 Anti-inflammatory
Cytoprotective
(gastric mucosa)
Antimalarial

d-limonene 0.14 177 Cannabinoid
agonist?
Immune potentiator
Antidepressant
Antimutagenic

linalool 0.002 198 Sedative
Antidepressant
Anxiolytic
Immune potentiator

pulegone 0.001 224 Memory booster?
AChE inhibitor
Sedative
Antipyretic

1,8-cineole (eucalyptol) >0.001 176 AChE inhibitor
Increases cerebral
blood flow

Stimulant
Antibiotic
Antiviral
Anti-inflammatory
Antinociceptive

� -pinene 0.04 156 Anti-inflammatory
Bronchodilator
Stimulant
Antibiotic
Antineoplastic
AChE inhibitor
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TABLE 9.2 (continued)

Cannabis constituent structure a
Concentration b

(% dry weight)
Boiling
point °C c Properties

� -terpineol 0.02 217-218 Sedative
Antibiotic
AChE inhibitor
Antioxidant
Antimalarial

terpineol-4-ol 0.0004 209 AChE inhibitor
Antibiotic

p-cymene 0.0004 177 Antibiotic
Anticandidal
AChE inhibitor

borneol 0.008 210 Antibiotic

� -3-carene 0.004 168 Anti-inflammatory

aStructures of constituents obtained from Bisset and Wichtl 1994; British Medi-
cal Association 1997; Buckingham 1992; Iversen 2000; Tisserand and Balacs
1995; Turner et al. 1980.

bConcentrations of constituents (v/w or w/w) were calculated from various
sources. Cannabinoid concentrations (presented as a range, including canna-
binoids and cannabinoidic acids) were primarily obtained from Small 1979;
Veszki et al. 1980; Fournier et al. 1987; and Pitts et al. 1992. Terpenoid data
(presented as maximum values) were calculated from Ross and ElSohly 1996;
and Mediavilla and Steinemann 1997. Flavonoid data came from Paris et al.
1976; and Barrett et al., 1986.

c Boiling/melting points (MP) recorded at atmospheric pressure (760 mmHg) un-
less otherise noted; values obtained from various sources, primarily Bucking-
ham 1992; Guenther 1948; Parry 1918; and Mechoulam (personal communi-
cation, April 2001).
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nin activity at the 5-HT1A and 5-HT2a receptors has been demonstrated
(Russo et al. 2000; Russo 2001) that may support synergistic contributions
of terpenoids on cannabis-mediated pain and mood effects. Further studies
are in progress to identify the most active terpenoid components responsi-
ble and whether synergism of the components is demonstrable.

The essential oil of cannabis is traditionally employed as an anti-inflam-
matory in the respiratory and digestive tracts without known contraindica-
tions at physiological dosages (Franchomme and Pénoël 1990). The essen-
tial oil of black pepper,Piper nigrum,has a composition of terpenes that is
qualitatively quite similar to that of cannabis (Lawless 1995). It has often
been claimed anecdotally that smoked cannabis may substitute for nicotine
in attempts at smoking cessation. Aside from cannabinoid influences, cur-
rent evidence supports this contention based on terpene content and its ac-
tivity. A recent study has shown that inhalation of black pepper essential oil
vapor significantly reduced withdrawal symptoms and anxiety in tobacco
smokers (Rose and Behm 1994). Interestingly, the authors posited not a
central biochemical mechanism but rather a peripheral one, assuming phys-
ical cues of bronchial sensation as operative in the origin of the benefit. The
true scope of the essential oil benefits in this context may be quite a bit
broader.

Pate (1994), McPartland (1997), and McPartland et al. (2000) have re-
viewed the pesticidal properties of cannabis attributable to its terpenoid
content. The essential oil ofEugenia dysentericawas recently demon-
strated to have significant inhibitory effects onCryptococcus neoformans
strains isolated from HIV patients with cryptococcal meningitis (Costa et al.
2000). Key components of that oil were common to cannabis:� -caryophyllene,
� -humulene,� -terpineol, and limonene.

Additionally, monoterpenes such as those abundant in cannabis resin
have been suggested to (1) inhibit cholesterol synthesis, (2) promote hepatic
enzyme activity to detoxify carcinogens, (3) stimulate apoptosis in cells
with damaged DNA, and (4) inhibit protein isoprenylation implicated in
malignant deterioration (Jones 1999).

Myrcene, specifically� -myrcene, a noncyclic monoterpene, is the most
abundant terpenoid produced by cannabis (Ross and ElSohly 1996; Media-
villa and Steinemann 1997). It also occurs in high concentrations in hops
(Humulus lupulus)and lemongrass(Cymbopogon citratus). Myrcene is a
potent analgesic, acting at central sites that are antagonized by naloxone
(Rao et al. 1990). Myrcene also works via a peripheral mechanism shared
by CBD, CBG, and CBC—by blocking the inflammatory activity of prosta-
glandin E2 (Lorenzetti et al. 1991). This activity is expressed by other
terpenoids in cannabis smoke, such as carvacrol, which is more potent than
THC or CBG (Burstein et al. 1975). The activity of many terpenoids may be
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cumulative: unfractionated cannabis essential oil exhibits greater anti-inflam-
matory activity than its individual constituents, suggesting synergy (Evans
et al. 1987).

Myrcene also synergizes the antibiotic potency of other essential oil
components, againstStaphylococcus aureus, Bacillus subtilis, Pseudomo-
nas aeruginosa, and a specific strain ofEscherichia coli(Onawunmi et al.
1984). Myrcene inhibits cytochrome P450-2B1, an enzyme implicated in the
metabolic activation of promutagens (De Oliveira et al. 1997). Aflatoxin B1
is a promutagen produced byAspergillus flavusandAspergillus parasiticus,
two fungal contaminants of moldy marijuana (reviewed by McPartland and
Pruitt 1997). After aflatoxin B1 is metabolized by P450- 2B1, it becomes
extremely hepatocarcinogenic. Myrcene blocks this metabolism, as do
other terpenoids in cannabis, including limonene,� -pinene,� -terpinene,
and citronellal (De Oliveira et al. 1997).

� -Caryophyllene is the most common sesquiterpenoid in cannabis
(Mediavilla and Steinemann 1997). It is the main component of copaiba
balsam, fromCopaiferaspp. (Lawless 1995), which is a popular oral and
topical anti-inflammatory agent in Brazil (Basile et al. 1988). The latter au-
thors were able to demonstrate anti-inflammatory effects of the oleoresin in
rats comparable to phenylbutazone, in reduction of granuloma formation. A
decreased vascular permeability to injected histamine was also observed.

A gastric cytoprotective effect of� -caryophyllene was demonstrated
in rats against challenge with absolute ethanol and hydrochloric acid
(Tambe et al. 1996). This benefit was noted without influence on gastric
acid or pepsin secretion. The authors suggested this agent as clinically safe,
and potentially useful. Campbell et al. (1997) have demonstrated a moder-
ate antimalarial effect against two strains ofPlasmodium falciparumby an
essential oil rich in� -caryophyllene and� -terpineol.

Limonene is a monocyclic monoterpenoid and a major constituent of cit-
rus rinds (Tisserand and Balacs 1995). It finds extensive use as a solvent and
in the perfumery and flavor industries. Because of limonene’s widespread
occurrence and application, its biological activity is well-known. Limonene
is highly absorbed by inhalation and quickly appears in the bloodstream
(Falk-Flilipsson et al. 1993). According to Ross and ElSohly (1996), lim-
onene is the second most common terpenoid in an unidentified cultivar of
cannabis.

Limonene may have a low-affinity interaction with cannabinoid recep-
tors (Meschler and Howlett 1999). Studies of long-term inhalation of lemon
fragrance (predominately limonene) have demonstrated inhibition of thymic
involution in stress-induced immunosuppression in mice (Ortiz de Urbina
et al. 1989).
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Limonene was the primary component of the essential oil mixture em-
ployed by Komori et al. (1995) in their clinical study of immune function
and depressive states in humans. The key result of this experiment was the
ability to markedly reduce the dosage of, or even eliminate the need for,
synthetic antidepressant drugs.

As mentioned in the myrcene section, limonene protects against afla-
toxin B1-induced cancer by inhibiting the hepatic metabolism of the pro-
mutagen to its active form. Limonene also blocks this process at two earlier
steps by inhibiting the growth ofAspergillusfungi and inhibiting their pro-
duction of aflatoxins (Greene-McDowelle et al. 1999). Limonene and other
terpenoids suppress the growth of many species of fungi and bacteria, dem-
onstrated in hundreds of published studies (reviewed by McPartland 1997).

Limonene blocks the carcinogenesis induced by benz[� ]anthracene
(Crowell 1999), a component of the “tar” generated by the combustion of
herbal cannabis. Thus, this terpenoid may reduce the harm caused by inhal-
ing cannabis smoke. Limonene blocks carcinogenesis by multiple mecha-
nisms. It detoxifies carcinogens by inducing Phase II carcinogen-metabo-
lizing enzymes (Crowell 1999). It selectively inhibits the isoprenylation of
Ras proteins, thus blocking the action of mutantrasoncogenes (Hardcastle et
al. 1999). It induces redifferentiation of cancer cells (by enhancing expression
of transforming growth factor� 1 and growth factor II receptors), and it induces
apoptosis of cancer cells (Crowell 1999). Orally administered limonene is cur-
rently undergoing Phase II clinical trials in the treatment ofbreast cancer
(Vigushin et al. 1998); it also protects against lung, liver, colon, pancreas,
and skin cancers (Vigushin et al. 1998; Crowell 1999; Setzer et al. 1999).

Linalool is a noncyclic monoterpenoid, commonly extracted from laven-
der (Lavandulaspp.), rose (Rosaspp.), and neroli oil (fromCitrus auran-
tium). It usually constitutes 5 percent or less of cannabis essential oil (Ross
and ElSohly 1996). Linalool nevertheless exhibits strong biological activity.
Buchbauer et al. (1993) assayed the sedative effects of more than 40 terpenoids
uponinhalationby mice; linalool was the most powerful, reducing mouse mo-
tility 73 percent after 1 hour of inhalation. The study demonstrated that other
terpenoids found in cannabis, such as citronellol and� -terpineol, are also
deeply sedating upon inhalation, even in low concentrations.Furthermore,
combinations of these terpenoids (e.g., neroli oil) are synergistic in their
sedative effects. These terpenoids may mitigate the anxiety provoked by
pure THC. Inhalation of such terpenoids also provides antidepressant ef-
fects (Komori et al. 1995).

Reducing anxiety and depression will improve immune function via the
neuroendocrine system, by damping down the hypothalamic-pituitary-
adrenal (HPA) axis. Hence, inhalation of terpenoids reduces the secretion of
HPA stress hormones (e.g., corticosterone), and normalizes CD4-CD8 ra-
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tios (Komori et al. 1995). By a similar mechanism, terpenoids inGinkgo
biloba inhibit corticosterone secretion by attenuating corticotropin-releas-
ing factor (CRF) expression (Marcihac et al. 1998). CRF not only induces
corticosterone secretion via the HPA axis, it is also associated with anxiety.
Rodríguez de Fonseca et al. (1996) showed that the psychoactive canna-
binoid HU-210 caused a release of CRF. Thus, the terpenoids act synergisti-
cally with nonpsychoactive CBD, which may decrease CRF by inhibiting
IFN-� (Malfait et al. 2000).

Pulegone, a monocyclic monoterpenoid, is a minor constituent of canna-
bis (Turner et al. 1980). Higher concentrations of pulegone are found in
rosemary (Rosmarinus officinalis), “the herb of remembrance.” Pulegone
may alleviate a major side effect of THC—loss of short-term memory con-
solidation. THC causes acetylcholine (ACh) deficits in the hippocampus.
Hippocampal ACh deficits are also seen in people with Alzheimer’s dis-
ease. Alzheimer’s patients can be treated with tacrine (Cognex), a drug that
increases ACh activity by inhibiting acetylcholinesterase (AChE). Indeed,
tacrine has blocked THC-induced memory loss behavior in rats. Pulegone
exhibits the same activity as tacrine, that of AChE inhibition (Miyazawa et
al. 1997). Other terpenoids in cannabis also provide AChE inhibition, in-
cluding limonene, limonene oxide,� -terpinene,� -terpinene, terpinen-4-ol,
carvacrol, l- and d-carvone, 1,8-cineole,p-cymene, fenchone, and pulegone-
1,2-epoxide (Perry et al. 1996; McPartland and Pruitt 1999). The beneficial
effects of AChE inhibitors, however, are decreased in individuals carrying
the E4 subtype of the apolipoprotein E gene, ApoE E4 (Poirier et al. 1995).
Pulegone has also demonstrated significant sedative and antipyretic proper-
ties in a study in rats (Ortiz de Urbina et al. 1989).

1,8-Cineole, a bicyclic monoterpenoid, is a minor constituent of canna-
bis and the major aromatic found inEucalyptusspecies. Studies show the
inhalation of 1,8-cineole increases cerebral blood flow and enhances corti-
cal activity (Nasel et al. 1994). Brain function is enhanced by administering
terpenoids that improve cerebral blood flow, much as the ginkgolides in
Ginkgo biloba(Russo 2000). Similarly, cerebral blood flow increases after
inhaling cannabis smoke, and this increase isnotrelated to plasma levels of
THC (Mathew and Wilson 1993).

A stimulatory effect on rat locomotion was demonstrated employing a
1,8-cineole-rich essential oil of rosemary with a terpene profile similar to
that of cannabis (Kovar et al. 1987). Blood levels correlated with the degree
of stimulation observed. Antinociceptive and anti-inflammatory effects of
1,8-cineole were demonstrated at high doses in rats, using carrageenan rat
paw and cotton pellet-induced granuloma models (Santos and Rao 2000).
An analgesic effect of an essential oil was demonstrated in another animal
study, and correlated with the 1,8-cineole concentration (Aydin et al. 1999).
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1,8-Cineole demonstrated antibacterial activity againstBacillus subtilis,
and antifungal properties againstTrichophyton mentagrophytes, Crypto-
coccus neoformans,andCandida albicans(Hammerschmidt et al. 1993). In
subsequent assays, this essential oil component was cidal againstCandida
albicansand Escherichia coli,and bacteriostatic againstStaphylococcus
aureus(Carson and Riley 1995). In a rat study, 1,8-cineole prevented the
sexual transmission ofHerpes simplexvirus type 2 (HSV-2). HSV-2 is a fre-
quently comorbid condition with HIV, and its prevention has been sug-
gested as one method of lowering HIV transmission risks (Gwanzura et al.
1998).

Perry et al. (2000) demonstrated that 1,8-cineole was an inhibitor of hu-
man erythrocyte acetylcholinesterase, but that an essential oil ofSalvia
lavandulaefoliacontaining 1,8-cineole and other terpenoids produced a
synergistic inhibition of acetylcholinesterase that suggested utility in the
clinical treatment of Alzheimer’s disease. A similar mechanism may oper-
ate in cannabis essential oil with the same components.

� -Pinene, a bicyclic monoterpenoid, was effective in prevention of acute
inflammation in a carrageenan-induced plantar edema model (Gil et al.
1989). A pharmacokinetics study of inhaled� -pinene in humans demon-
strated 60 percent uptake, and a relative bronchodilation effect (Falk et al.
1990). After 1 hour of inhalation,� -pinene produced a 13.8 percent in-
crease in mouse motility measures (Buchbauer et al. 1993).� -Pinene
has inhibited acetylcholinesterase in a variety of assays (Perry et al. 1996;
McPartland and Pruitt 1999), suggesting utility in the clinical treatment of
Alzheimer’s disease. The antibiotic properties of� -pinene,� -terpineol,
and terpinen-4-ol have been demonstrated againstStaphylococcus aureus,
S. epidermidis,and Propionibacterium acnes(Raman et al. 1995).� -
Pinene and its isomer� -pinene were both cytotoxic in vitro against Hep-G2
(human hepatocellular carcinoma) and Sk-Mel-28 (human melanoma) tumor
cell lines (Setzer et al. 1999).

� -Terpineol, terpinen-4-ol, and 4-terpineol are three closely related
monoterpenoids. Inhalation of� -terpineol reduced mouse motility 45
percent (Buchbauer et al. 1993). Burits and Bucar (2000) demonstrated
that 4-terpineol exhibits “respectable” radical scavenging and antioxi-
dant properties. Terpinen-4-ol,� -terpineol, and� -pinene demonstrated
dose-dependent antibiotic properties againstStaphylococcus aureus, S.
epidermidis,andPropionibacterium acnes(Raman et al. 1995). Similar
studies have demonstrated antimicrobial activity against a wide range of
pathogenic organisms, excludingPseudomonas(Carson and Riley 1995).
Campbell et al. (1997) have demonstrated a moderate antimalarial effect
against two strains ofPlasmodium falciparumby an essential oil with ma-
jor � -terpineol and� -caryophyllene components.

186 HANDBOOK OF CANNABIS THERAPEUTICS



Cymene, orp-cymene, a monoterpenoid, is active againstBacterioides
fragilis, Candida albicans,andClostridium perfringens(Carson and Riley
1995).

Borneol, a bicyclic monoterpenoid, was tested in walnut oil as an exter-
nal treatment for purulent otitis media (Liu 1990), where it proved to be 98
percent effective (P < 0.001), to a greater degree than neomycin, and with-
out toxicity.

� 3-Carene, a bicyclic monoterpenoid, was effective in prevention of
acute inflammation in a carrageenan-induced plantar edema model (Gil
et al. 1989).

FLAVONOIDS

Flavonoids are aromatic, polycyclic phenols. Cannabis produces about 20
of these compounds as free flavonoids and conjugated glycosides (Turner
et al. 1980). Paris et al. (1976) estimated that cannabis leaves consist of
1 percent flavonoids. Some flavonoids are volatile, lipophilic, permeate
membranes and apparently retain pharmacological activity in cannabis
smoke (Sauer et al. 1983). Flavonoids may modulate the pharmacokinetics
of THC, via a mechanism shared by CBD, the inhibition of P450-3A11 and
P450-3A4 enzymes. Naringenin, a flavonoid in grapefruit juice, also inhib-
its these enzymes, thus blocking the metabolism of cyclosporine, caffeine,
benzodiazepines, and calcium antagonists (Fuhr 1998). Two related en-
zymes, P450-3A4 and P450-1A1, metabolize environmental toxins from
procarcinogens to their activated forms. Thus, P450-suppressing com-
pounds serve as chemoprotective agents, shielding healthy cells from the
activation of benzo[� ]pyrene and aflatoxin B1 (Offord et al. 1997), which
are two procarcinogens potentially found in cannabis smoke (McPartland
and Pruitt 1997).

Apigenin is a flavone found in nearly all vascular plants (Table 9.3). It
exerts a wide range of biological effects, including many properties shared
by terpenoids and cannabinoids. Apigenin is the primary anxiolytic agent
found in chamomile,Matricaria recutita (reviewed in Russo 2000). It se-
lectively binds with high affinity to central benzodiazepine receptors,
which are located in� - and� -subunits of GABAA receptors (Salgueiro et
al. 1997); this anxiolytic activity is not associated with the unwanted side
effects caused by synthetic benzodiazepines, such as muscular relaxation,
amnesia, and sedation.

Apigenin inhibits the production of tumor necrosis factor-alpha (TNF-
� ), a cytokine primarily expressed by monocytes and macrophages
(Gerritsen et al. 1995). TNF-� induces and maintains inflammation, a
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TABLE 9.3. Flavonoid and phytosterol components of cannabis.

Cannabis constituent structure a
Concentration b

(% dry weight)
Boiling
point °C c Properties

apigenin >0.1% 178 Anxiolytic
Anti-inflammatory
Estrogenic

quercetin >0.1% 250 Antioxidant
Antimutagenic
Antiviral
Antineoplastic

cannflavin A 0.02% 182 COX inhibitor
LO inhibitor

� -sitosterol ? 134 Anti-inflammatory
5-� -reductase
inhibitor

aStructures of constituents obtained from Bisset and Wichtl 1994; British Medical Associa-
tion 1997; Buckingham 1992; Iversen 2000; Tisserand and Balacs 1995; Turner et al.
1980.

bConcentrations of constituents (v/w or w/w) were calculated from various sources.
Cannabinoid concentrations (presented as a range, including cannabinoids and canna-
binoidic acids) were primarily obtained from Small 1979; Veszki et al. 1980; Fournier et
al. 1987; and Pitts et al. 1992. Terpenoid data (presented as maximum values) were cal-
culated from Ross and ElSohly 1996; and Mediavilla and Steinemann 1997. Flavonoid
data came from Paris et al. 1976; and Barrett et al. 1986.

cBoiling/melting points (MP) recorded at atmospheric pressure (760 mmHg) unless
otherise noted; values obtained from various sources, primarily Buckingham 1992;
Guenther 1948; Parry 1918; and Mechoulam (personal communication, April 2001).
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pathological condition in rheumatoid arthritis and multiple sclerosis. THC
decreases TNF-� , probably by a nonreceptor-mediated mechanism
(Burnette-Curley and Cabral 1995), although one study suggested THC
might induce TNF-� (Shivers et al. 1994). Either way, apigenin provides
beneficial suppression of TNF-� , whether in concert with THC or counter-
acting THC.

Apigenin and other flavonoids interact with estrogen receptors, and ap-
pear to be the primary estrogenic agents in cannabis smoke (Sauer et al.
1983). Although apigenin has a high affinity for estrogen receptors (espe-
cially � -estrogen receptors), it has low estrogenic activity; apigenin actu-
ally inhibits estradiol-induced proliferation of breast cancer cells (Wang
and Kurzer 1998).

Quercetin is a flavonol found in nearly all vascular plants, including can-
nabis (Turner et al. 1980). Quercetin is a potent antioxidant; by some mea-
sures more potent than ascorbic acid,� -tocopherol, and BHT (Gadow et al.
1997). Combinations of quercetin and other antioxidants work synergisti-
cally (Hudson and Mahgoub 1981). The antioxidant potential of quercetin
and other flavonoids should be tested against CBD, another potent antioxi-
dant (Hampson et al. 1998). Perhaps flavonoids can induce chemical reduc-
tion of CBD, effectively recycling CBD as an antioxidant. Flavonoids block
free radical formation at several steps: by scavenging superoxide anions (in
both enzymatic and non-enzymatic systems), by quenching intermediate
peroxyl and alkoxyl radicals, and by chelating iron ions, which catalyze
many Fenton reactions leading to free radical formation (Musonda and
Chipman 1998).

Free radicals activate NF-� B, a transcription factor protein that induces the
expression of oncogenes, inflammation, and apoptosis. Quercetin arrests the
formation of NF-� B, by blocking the PKC-induced phosphorylation of an in-
hibitory subunit of NF-� B called I� B (Musonda and Chipman 1998), conse-
quently quercetin hinders carcinogenesis and inflammatory diseases. NF-
� B also plays a role in the activation of HIV-1 (Greenspan 1993), so
quercetin may hinder the replication of that virus. In a similar fashion,
silymarin (a flavonoid produced by milk thistle,Silybum marianum) im-
pedes NF-� B-induced replication of the hepatitis C virus, and thus inhibits
hepatic carcinoma (McPartland 1996). These flavonoids may synergize
with CBN, which also down-regulates NF-� B (Herring and Kaminski
1999), thereby counteracting the effects of THC, which may increase NF-
� B activity (Daaka et al. 1997).

Cannflavin A is one of a pair of prenylated flavones apparently unique to
cannabis (Barrett et al. 1986). The yield of cannflavin A is 0.02 percent of
dry herb. This compound is a potent inhibitor of prostaglandin E2 in human
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rheumatoid synovial cells, with an IC50 of 31 ng/mL, about 30 times more
potent than aspirin in that system (Barrett et al. 1986). Cannflavin A inhibits
cyclooxygenase (COX) enzymes and lipoxygenase (LO) enzymes more po-
tently than THC (Evans et al. 1987). However, these assays were done with
alcohol-extracted cannflavin; we question whether cannflavin is suffi-
ciently volatile. Other phenols related to flavonoids are volatile and appar-
ently retain pharmacological activity in cannabis smoke, such as eugenol
andp-vinylphenol (Burstein et al. 1976).

� -Sitosterol was demonstrated in significant concentrations in the red oil
extract of cannabis (Fenselau and Hermann 1972). In animal assays, this
phytosterol reduced acute inflammation 65 percent and chronic edema 40.6
percent (Gomez et al. 1999). This agent has been the subject of most interest
as the active ingredient ofSerenoa repens,the saw palmetto, andUrtica
dioica, the nettle, wherein� -sitosterol acts as a 5-� -reductase inhibitor. In
numerous trials (Wilt et al. 1998; McPartland and Pruitt 2000), standard-
ized extracts of saw palmetto have proven equivalent or superior to fina-
steride in treatment of benign prostatic hyperplasia.

CONCLUSIONS

Does the body absorb noncannabinoids in physiologically relevant con-
centrations? In the absence of experimental data, we can estimate, using
limonene as an example of AChE inhibition. According to Ross and ElSohly
(1996), fresh female flowering tops consist of 0.29 percent essential oil. Air
drying of female flowering tops decreases their moisture content (MC)
from approximately 85 to 15 percent, with a concomitant loss in water
weight (McPartland and Pruitt 1997). Although some essential oil is volatil-
ized and lost in the drying process, the remaining terpenoids become con-
centrated. The concentration of essential oil in air-dried cannabis is 0.8 per-
cent, and limonene consists of 17.2 percent of the essential oil (Ross and
ElSohly 1996). Thus, air-dried cannabis consists of 0.14 percent limonene;
therefore a 500 mg cannabis cigarette (which is half the size of a standard
tobacco cigarette) would contain 0.7 mg limonene. If we assume the sys-
temic bioavailability of limonene from smoking cannabis is 18 percent, the
same as THC (Ohlsson et al. 1980), then 0.13 mg would be absorbed. Dis-
tributing this dose evenly in the total body water of a 70 kg man, without
metabolism or sequestration, would produce a maximum tissue concentra-
tion of 1.3 µM. This concentration is an order of magnitude below the IC50
concentration of limonene’s inhibition of AChE (Miyazawa et al. 1997).
Hence, limonenemustsynergize with other AChE inhibitors in order to be
effective.
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Vaporizer technology may improve the bioavailability of limonene and
other compounds, which volatilize around the same temperature as THC
(see Tables 9.1 to 9.3). Vaporizers are smoking apparati that heat cannabis
to 185°C (365°F), which vaporizes THC but is below the ignition point of
combustible plant material. Vaporized cannabis emits a thin gray vapor,
whereas combusted cannabis produces a thick smoke. Thus, vaporizers deliver
a better cannabinoid-to-tar ratio than cigarettes or water pipes (Gieringer
1996). In a recent study, traces of THC were vaporized at temperatures as low
as 140°C (284°F) and the majority of THC vaporized by 185°C (365°F); ben-
zene and other carcinogenic vapors did not appear until 200°C (392°F), and
cannabis combustion occurred around 230°C (446°F) (Gieringer 2001).

Concerning bioavailability, it should be mentioned that cannabis com-
pounds need not be absorbed systemically through the lungs to produce
CNS activity. Inhaled compounds may reach receptors in the olfactory bulb,
sending mood-altering messages via olfactory nerves directly to the limbic
region and hippocampus. This route may be responsible for some sedative
effects of terpenoids upon inhalation (Buchbauer et al. 1993).

The paucity of research concerning non-THC synergists in cannabis is
periodically criticized (Mechoulam et al. 1972; McPartland and Pruitt
1999; Russo 2000). We have highlighted several cannabinoids, terpenoids,
and flavonoids that deserve further attention regarding their contributions
to the effects of clinical cannabis. Most of the data we present here are
based on in vitro experiments or animal studies. Clearly the next step should
involve human clinical trials of each constituent, alone or in combination
with THC, or combined with a cocktail of cannabis compounds.
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UPDATE

Ethan B. Russo

The key contribution of “minor components” to the activity of cannabis
has become a topic of more widespread interest over time, while some
(Wachtel et al. 2002; Varvel et al. 2005) continue to maintain or imply that
THC is “the only game in town.”
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Recent reviews certainly highlight the medicinal value of cannabidiol
(Mechoulam et al. 2002; Parker et al. 2002; Pertwee 2004; Russo 2006).
Clinical studies utilizing cannabis extracts including CBD content are ac-
cruing rapidly to the body of literature (Carroll et al. 2004; Fox et al. 2004;
Teare et al. 2005; Zajicek et al. 2003, 2004; Berman et al. 2004; Brady et al.
2004; Notcutt et al. 2004; Nicholson et al. 2004; Wade et al. 2004, 2005,
2003).

The genetics work of Etienne de Meijer (de Meijer 2004; de Meijer et al.
2003), and Karl Hillig (Hillig 2004a,b; Hillig and Mahlberg 2004) have
done a great deal to illuminate the biochemical mysteries of this plant but
also highlight how many remain, and how much yet requires elucidation
through additional research.

Another exciting discovery surrounds the propyl cannabinoids and the
recent finding that tetrahydrocannabivarin (THCV) is a powerful antagonist
at CB1 (Pertwee et al. 2004), making it possible that cannabis extracts of
THCV-rich strains may be harnessed to treat obesity, substance depend-
ency, and other ills.

The authors hope to publish additional information on the medicinal ef-
fects of phytocannabinoids, cannabis terpenoids, flavonoids, and sterols in
due course.
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Chapter 10

The Endocannabinoid System:
Can It Contribute

to Cannabis Therapeutics?
Vincenzo Di Marzo

THE ENDOCANNABINOID SYSTEM

Research on the mechanism of action of the psychoactive components of
Cannabis sativa,the cannabinoids, culminated in the early 1990s with the
finding of cannabinoid receptors and of their possible endogenous agonists
(see Matsuda 1997 and Di Marzo 1998 for reviews) (Figure 10.1). These
molecules, together with the proteins that regulate their activity and/or lev-
els, constitute the “endocannabinoid system.” The first subtype of canna-
binoid receptors, named CB1, is widely distributed in both nervous and non-
nervous tissues, and is responsible for most of the central actions, and also
for some of the peripheral ones, of plant and synthetic cannabinoids. The
second subtype of cannabinoid receptors, named CB2, has been found to
date in high levels only in immune tissues and cells and may mediate some
of the immune-modulatory effects of the cannabinoids, although little direct
evidence for this possibility has been found so far. Evidence for CB2-like re-
ceptors in peripheral nerves has been also described (Griffin et al. 1997).
The finding of selective CB1 and, more recently, CB2 receptor antagonists
(Rinaldi-Carmona et al. 1994, 1998; Felder et al. 1998), and the develop-
ment of cannabinoid receptor knockout mice (Ledent et al. 1999; Zimmer et
al. 1999; Buckley et al., 1999) will soon provide a definitive answer as to
which of the typical pharmacological actions of cannabinoids are mediated
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by either receptor subtype, and may even support the hypothetical presence
of further molecular targets for these compounds. As to the possible endog-
enous counterparts of the cannabinoids, over the last seven years several
fatty acid derivatives have been found to mimic the properties of� 9-
tetrahydrocannabinol (THC), cannabis’s major psychoactive principle. Not
all of these substances, however, have the capability to displace high affin-
ity cannabinoid ligands from selective binding sites in membrane prepara-
tions containing the CB1 or the CB2 receptor. Anandamide (Devane et al.
1992), the amide of arachidonic acid with ethanolamine, was the first of
such compounds to be isolated and received its name from the Sanskrit word
for “internal bliss,” ananda. Next came two polyunsaturated congeners of
anandamide (Hanus et al. 1993), and a glycerol ester, 2-arachidonoylglycerol
(2-AG) (Mechoulam et al. 1995; Sugiura et al. 1995). These compounds
share the ability to bind to and activate CB1 and (particularly in the case of
2-AG) CB2 receptors. Therefore, they induce a series of pharmacological
effects in vitro and in vivo that are, to some extent, similar to those exerted
by THC (Hillard and Campbell 1997; Di Marzo 1998; Mechoulam et al.
1998). Hence the name “endocannabinoids” was proposed for anandamide
and 2-AG. Other fatty acid derivatives (Figure 10.1), such as palmitoy-
lethanolamide andcis-9-octadecenoamide (oleamide), do not have high
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affinity for either of the two cannabinoid receptor subtypes discovered so
far, and yet they exhibit pharmacological actions that in some cases are can-
nabis-like (see Lambert and Di Marzo 1999 for review). The molecular
mode of action of these latter compounds that cannot be referred to as
endocannabinoids, is currently being debated and is possibly due in part to
the modulation of either the action or the metabolism of anandamide and 2-
AG (Mechoulam et al. 1997; Lambert and Di Marzo 1999).

The study of the pharmacological properties of the endocannabinoids
was not limited to confirm for these compounds the same spectrum of activ-
ities previously described for THC. Indeed, qualitative and quantitative dif-
ferences between the action of classical and endogenous cannabinoids be-
came evident since the first studies on these new metabolites (Hillard and
Campbell 1997; Di Marzo 1998; Mechoulam et al. 1998). The chemical
structure of anandamide and 2-AG (Figure 10.1), with the presence of hydro-
lysable amide or ester bonds and of an arachidonate moiety, raises the possi-
bility that these substances may be metabolized to other bioactive com-
pounds through the several oxidizing enzymes of the arachidonate cascade
(Burstein et al. 2000). Moreover, the lack of chiral centers contributes to
making these molecules capable, in principle, of interaction with many mo-
lecular targets. The endocannabinoids, therefore, are ideal templates for the
development of new drugs. Three different pieces of information are neces-
sary in order to understand whether an endogenous substance can represent
the starting point for the design of therapeutic agents. First, its pharmaco-
logical activity in vitro and in vivo needs to be thoroughly assessed. Next,
the biochemical bases for the biosynthesis, action and degradation of the
substance need to be fully understood. Finally, a correlation between the oc-
currence of particular physiological and pathological conditions and the
levels of this metabolite in tissues must be investigated. In this chapter, I
briefly describe the landmarks in these three aspects of the research on
endocannabinoids. I also provide a few examples of how endocannabinoid-
derived molecules might turn out to be useful in the alleviation and cure not
only of those illnesses traditionally treated with cannabis preparations, such
as inflammation, nausea, diarrhea, and chronic pain, but also for cancer,
mental disorders and immune diseases.

ENDOCANNABINOID PHARMACOLOGY:
MORE THAN MEETS THE EYE

As mentioned, anandamide, in some cases, exhibits effects qualitatively
and quantitatively different from those of the classical cannabinoids. This
may be partly due to the rapid metabolism of this compound both in vitro
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and in vivo (Deutsch and Chin 1993; Willoughby et al. 1997) but also to the
fact that anandamide is a partial agonist in some functional assays of CB1
and CB2 activity (Mackie et al. 1993; Breivogel et al. 1998). Moreover, recent
studies seem to suggest that this compound is able to adapt to binding sites
within other receptors (Hampson et al. 1998; Kimura et al. 1998; Zygmunt et
al. 1999). The selective antagonists developed so far for cannabinoidreceptors
(Rinaldi-Carmona et al. 1994, 1998) have been and still are useful tools to
understand when and where anandamide effects are mediated by these pro-
teins. It is still difficult at this stage to distinguish, among these effects,
those with a physiological or therapeutic relevance. However, it is possible
to speculate based on the range of concentrations necessary to observe a
certain effect as compared to the usually low tissue concentrations of
anandamide. Thus, in the brain, this metabolite was shown to exert inhibitory
actions on learning and memory (Mallet and Beninger 1996; Castellano et al.
1997), to modulate the extra-pyramidal control of motor behavior (Romero
et al. 1995) and to protect astrocytes against inflammatory stress (Molina-
Holgado et al. 1997). These effects are probably due to the capability of
anandamide to induce, via activation of CB1 receptors, a series of
intracellular events resulting in the modulation of neurotransmitter release,
action and reuptake (see Di Marzo, Meleck, et al. 1998 for review). This
neuromodulatory action may also underlie anandamide regulation of hor-
mone release at the level of the hypothalamus-pituitary-adrenal axis
(Fernandez-Ruiz et al. 1997), as well as the antinociceptive effects of the
compound through both spinal and supraspinal mechanisms (reviewed by
Martin and Lichtman 1998). In peripheral tissues, anandamide regulates the
heartbeat and vascular blood pressure and produces vasodilator effects
through several possible mechanisms (recently reviewed by Kunos et al.
2000). The endocannabinoid also relaxes smooth muscle in the gastrointes-
tinal system and reproductive/urinary tract (Pertwee and Fernando 1996;
Izzo et al. 1999). Regulation of reproduction also occurs at the level of the
sperm acrosome reaction (Schuel et al. 1994) and embryo development and
implantation (Paria et al. 1995, 1998). As most of these findings were ob-
tained after the development of the CB1 receptor antagonist SR141716A
(Rinaldi-Carmona et al. 1994), it was possible to demonstrate the intermediacy
of this receptor in most of the above effects. Conversely, the involvement of
CB2 receptors in the immune-regulatory effects of anandamide is yet to be
fully established (for a recent review see Parolaro 1999), probably due to
the only very recent availability of a selective antagonist for these receptors,
SR144528 (Rinaldi-Carmona et al. 1998). Finally, anandamide was also
found to regulate some key cell functions such as cell proliferation and en-
ergy metabolism (De Petrocellis et al. 1998; Guzman and Sanchez 1999),
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but only in the first case by activating CB1 receptors. As to 2-AG, only a few
pharmacological studies have been performed to date on this compound,
possibly because of its limited commercial availability until recently. Apart
from its activity in the mouse “tetrad” of tests for cannabimimetic com-
pounds (i.e., analgesia in the “hot-plate” or “tail-flick” test, immobility on a
ring, hypothermia and inhibition of spontaneous activity in an open field
[Mechoulam et al. 1995]), this compound shares with THC an immune-
modulatory action (Ouyang et al. 1998) and an inhibitory effect on embryo
development (Paria et al. 1998) and breast and prostate cancer cell prolifer-
ation (De Petrocellis et al. 1998; Melck et al. 2000). 2-AG also induces cal-
cium transients in neuroblastoma × glioma cells and HL-60 cells (via CB1
and CB2 receptors, respectively), an effect that is not efficaciously exerted
by anandamide (Sugiura et al. 1999, 2000). Therefore, different pharmaco-
logical actions can be observed not only forendocannabinoids and
exocannabinoids but also for anandamide and 2-AG.

LEVELS OF ENDOCANNABINOIDS IN TISSUES:
PHYSIOLOGY AND PATHOLOGY

Biochemical pathways for anandamide and 2-AG biosynthesis and in-
activation by intact cells have been identified (see Hillard and Campbell
1997; Di Marzo 1998; Di Marzo, Melck, et al. 1998 for reviews) (Figure
10.2). Mechanisms for the regulation by both physiological and pathologi-
cal stimuli of the enzymes involved in these pathways have also been found.
On stimulation with calcium ionophores, or other calcium-mobilizing stim-
uli, anandamide is produced by neurons and leukocytes from the hydrolysis
of a membrane phospholipid precursor,N-arachidonoyl phosphatidyl eth-
anolamine (NArPE). The reaction is catalyzed by a phospholipase D spe-
cific for NArPE and other homologous phospholipids. Notably, phospho-
lipase D enzymes are known to be subject to regulation by intracellular
mediators (e.g., the diacylglycerols). NArPE, in turn, is produced by the
transfer of arachidonic acid from thesn-1 position of phospholipids onto
phosphatidylethanolamine. The enzyme involved in this case is atrans-
acylase regulated by calcium and cAMP-induced protein phosphorylation.
2-AG is produced in intact neurons from the hydrolysis of diacylglycerols
catalyzed by thesn-1 selective diacylglycerol lipase. Diacylglycerols serv-
ing as 2-AG precursors are in turn formed from the hydrolysis of either
phosphatidylinositol or phosphatidic acid. The enzymes catalyzing these
two reactions are a phospholipase C and a phosphatidic acid hydrolase, re-
spectively. There is no evidence that these two enzymes are different from
enzymes of the same type responsible for the formation of intracellular
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mediators, and therefore it is likely that they are subject to several regulative
mechanisms.

Also the routes leading to endocannabinoid degradation are likely to be
tightly regulated (Hillard and Campbell 1997; Di Marzo 1998; Di Marzo,
Melck, et al. 1998). The major enzyme responsible for anandamide hydro-
lysis, fatty acid amide hydrolase (FAAH), has been cloned from four spe-
cies (Cravatt et al. 1996; Giang and Cravatt 1997; Goparaju et al. 1999) and
found to contain a proline-rich domain necessary for enzymatic activity
(Arreaza and Deutsch, 1999). This domain contains a consensus sequence for
recognition by regulatory proteins that may target FAAH to its subcellular lo-
cation, thereby regulating its activity. FAAH also recognizes as a substrate
2-AG (Goparaju et al. 1998), for which, however, other hydrolytic enzymes
have been described. One of these hydrolases, present in rat platelets and
macrophages, is down-regulated by lipopolysaccharides (LPS) exposed by
bacterial walls (Di Marzo et al. 1999).

As the hydrolytic enzymes responsible for the degradation of endo-
cannabinoids seem to be located in intracellular sites (Giang and Cravatt
1997), the internalization of these compounds is necessary for their degra-
dation to occur. A mechanism for the facilitated diffusion of anandamide
across the cell membrane has been identified in several cell types. This“car-
rier” is temperature-dependent, saturable, quite selective for anandamide and
some of its analogues, and sensitive to specific inhibitors (Beltramo et al. 1997;
Hillard et al. 1997; Di Marzo, Bi Sogno, et al. 1998a; Melck et al.1999). More
important, the anandamide carrier is activated by nitric oxide (Maccarrone
et al. 1998, 2000), a finding that creates the possibility of regulatory loops
between the action of some mediators or pathological stimuli and anand-
amide inactivation.

The observations described above suggest that the levels of pharmaco-
logically active endocannabinoids in tissues may change during a certain
physiological or pathological response and, therefore, that substances inter-
fering with anandamide or 2-AG biosynthesis, action and metabolism may
be used as therapeutic agents. However, over the last six years, only a few
studies have attempted to correlate endocannabinoid levels with particular
physiopathological conditions. Pioneering studies have been carried out in
peripheral tissues. Anandamide was produced in the highest levels in the
mouse uterus when this tissue is least receptive to the embryo (Schmid et al.
1997). This finding and the observation that anandamide inhibits embryo
implantation (Paria et al. 1995, 1998) suggest that a defective regulation of
endocannabinoid levels in the uterus may underlie early pregnancy failures.
If this is proven to be the case, inhibitors of anandamide synthesis, or CB1
receptor antagonists, could be used to prevent this clinical problem. Forma-
tion of 2-AG in platelets and of both 2-AG and anandamide in macrophages
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was correlated with septic shock-induced hypotension in rats (Varga et al.
1998). In fact, macrophages and platelets from rats treated with LPS were
shown to induce CB1-mediated hypotension in untreated rats. Likewise, macro-
phages from rats undergoing hemorrhagic shock produce anandamide and in-
duce hypotension in untreated rats in a fashion sensitive to the CB1 antagonist
SR141716A (Wagner et al. 1997). In this case, THC treatment was found to
improve the chances of survival of rats after hemorrhagic shock, whereas
SR141716A appeared to rescue the animals from septic shock. These data un-
derlie the importance of studies on the endogenous cannabinoid system for the
development of alternative therapeutic approaches.

In the brain, anandamide but not 2-AG was found to be released from the
dorsal striatum of freely moving rats and shown to counteract the motor-
inducing action of the dopamine D2 receptor agonist quinpirole (Giuffrida
et al. 1999). This finding is in agreement with data suggesting for ananda-
mide a role in the extrapyramidal control of locomotion, possibly at the
level of dopamine action (Romero et al. 1995). A more recent study showed
that endocannabinoid levels in the external layer of the globus pallidus are
inversely correlated with spontaneous motor activity in the reserpine-
treated rat, an animal model of Parkinson’s disease (Di Marzo, Hill, et al.
2000). Out of the six brain regions analyzed, only the globus pallidus-an
area which receives CB1-containing GABAergic terminals from the stri-
atum, and where both classical and endogenous cannabinoids potentiate
GABA inhibitory action on movement (Wickens and Pertwee 1993)—was
found to containincreasedamounts of 2-AG concomitantly to the akinesia
induced by reserpine-mediated catecholamine depletion in the striatum.
Both anandamide and 2-AG levels in the globus pallidus werereducedcon-
comitantly to the administration to reserpine-treated rats of dopamine re-
ceptor agonists and the subsequent partial recovery of motor behavior.
Finally, coadministration to rats of quinpirole and the CB1-antagonist
SR141716A almost totally restored normal locomotion. On the other hand,
it was also found that the dyskinesia induced in MTPT-treated monkeys af-
ter prolonged treatment withL-dopa, a typical consequence of curing Par-
kinson’s disease in humans with this drug, was alleviated by SR141716A
(Fox et al. 1999). These studies suggest that agonists and antagonists of
CB1 receptors may be used advantageously in the future for the treatment of
parkinsonian patients. Furthermore, these data reveal the existence of a
complex regulatory interplay between the dopaminergic and endocanna-
binoid systems, according to which activation of dopamine receptors may
either activate or inhibit endocannabinoid signaling, and endocannabinoids
would either counteract or reinforcedopamine action, depending on the brain
region and the pathophysiological situation. Indeed, this interplay may occur
also at the level of the limbic system and underlie a role of endocannabinoids
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in the reinforcement of, or the recovery from, the effects of prolonged drug
abuse. In fact, a recent study showed that chronic treatment of rats with
THC results in the down-regulation of cannabinoid receptor binding and
signaling in all brain regions analyzed except for the limbic forebrain,
where these two parameters were not altered (Di Marzo, Berrendero, et al.
2000). This region was also the only one exhibiting higher amounts of
anandamide with respect to vehicle-treated rats. It is possible that dopamine
released in the nucleus accumbens following chronic administration with
THC (or more potent drugs of abuse, such as morphine and alcohol) (Tanda
et al. 1997) stimulates the formation of anandamide in this region, by anal-
ogy to what was previously found for the dorsal striatum (Giuffrida et al.
1999). In any event, this finding may suggest the involvement of the
endocannabinoid system in motivation and reward, thus opening the way
also to the possibility that drugs derived from anandamide and 2-AG be
used in the treatment of depression, and related nervous disturbances.

The finding of anandamide and 2-AG in the hypothalamus of rats (Gon-
zales et al. 1999) and of CB1 receptors in some nuclei such as the arcuate
nucleus and the medial preoptic area (Fernandez-Ruiz et al. 1997) supports
the notion, based on the well-known appetite-stimulating, antiemetic and
hypothermic properties of THC, that the endocannabinoid system may be
involved in the control of hypothalamic functions. Further studies are now
required to understand whether endocannabinoid levels can be associated
with hyperphagia or anorexia, and be tuned by the several transmitter sys-
tems that intervene in the regulation of food intake.

Finally, a possible correlation between anandamide release from neurons
of the periaqueductal grey (PAG), a region of the brainstem, and anti-
nociception was recently described (Walker et al. 1999). Electrical stimula-
tion of the PAG results in CB1-mediated analgesia and the release of
anandamide in microdialysates from this region. Small amounts of the
endocannabinoid were released from the PAG also following a nociceptive
stimulus such as the injection of formalin into the hindpaw (Walker et al.
1999). The same stimulus does not lead to the local formation of ananda-
mide, 2-AG or palmitoylethanolamide in the hindpaw (Beaulieu et al.
2000). Therefore, it is possible that anti-nociceptive endocannabinoids are
formed at a supraspinal level following noxious stimuli. However, it is not
clear how the low concentration of anandamide found in PAG micro-
dialysates (~180 pM) can be consistent with the weak analgesic effect ob-
served with this compound following intrathecal, systemic and, particu-
larly, intracerebroventricular administration (Calignano et al., 1998; Martin
and Lichtman 1998), or with the high nM concentrations required for this
compound to activate CB1 receptors (Hillard and Campbell 1997).

The Endocannabinoid System: Can It Contribute to Cannabis Therapeutics? 215



NEW DRUGS FROM THE ENDOCANNABINOID SYSTEM:
CURATIVE OR PALLIATIVE?

From the findings described in the previous sections, it is clear that the
discovery of endocannabinoids opens several unprecedented possibilities
for the development of new drugs. First, the finding that a novel class of
compounds derived from fatty acids and different from classical canna-
binoids and aminoalkyl-indoles could activate the cannabinoid receptors
stimulated the synthesis of several new endocannabinoid-based com-
pounds (see Martin et al. 1999 for a comprehensive review). Some of these
compounds (Figure 10.3) are several-fold more potent than anandamide
and 2-AG at CB1 receptors, while others are more resistant to enzymatic
hydrolysis and can exert longer-lasting pharmacological actions. Second,
when a cause and effect relationship is established between certain patho-
logical conditions and the levels of endocannabinoids (measured by sensi-
tive analytical techniques as in some of the studies described in the previous
section), the application of endocannabinoid-based drugs for the cure of
these disorders will be possible. In fact, these studies should provide indis-
pensable hints as to what pathological state can be treated with CB1 and
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FIGURE 10.3. Chemical structures of potent synthetic anandamine analogues
with high affinity for CB1 receptors and/or enhanced metabolic stability.



CB2 agonists or antagonists. Third, our knowledge of the enzymes regulat-
ing endocannabinoid levels will allow us to develop selective inhibitors to
be used for those disorders for which a correlation with defective endo-
cannabinoid synthesis or inactivation is clearly demonstrated. Indeed, a few
such substances are already available, as in the case of the rather selective
inhibitors of FAAH and the anandamide carrier shown in Figure 10.4. Some
of these compounds, such as AM404 and linvanil (two carrier inhibitors)
and AM374 (a FAAH inhibitor), have been shown to lower the concentra-
tion threshold for anandamide activity both in vivo and in vitro (Beltramo
et al. 1997; Gifford et al. 1999; Maccarrone et al. 2000). These compounds
may be useful for those yet-to-be discovered pathological states arising
from excessive degradation of endogenous anandamide. Moreover, if ways
to target them selectively to peripheral tissues are devised, these compounds
may render locally active doses of exogenous anandamide analogues that
are devoid of undesired psychotropic activity.
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FIGURE 10.4. Chemical structures of synthetic inhibitors of anandamide inacti-
vation (i.e., facilitated transport into cells or fatty acid amide hydrolase-catalyzed
hydrolysis).



Indeed, the development of new therapeutic agents from the endo-
cannabinoids may provide a way out of the social and legal implications
arising from the prescription of medical cannabis, at the center of heated de-
bates in the United Kingdom and the United States. In fact, given the nu-
merous differences found so far between the pharmacological effects of the
endogenous compounds and THC, it is likely that endocannabinoid-like
drugs may have beneficial effects by simply compensating for possible
malfunctions in the endogenous system, without causing the “high” typical
of marijuana intoxication. Indeed, a recent study showed that both ananda-
mide and its metabolically stable analogue (R)-methanandamide (Figure
10.3) do not cause dependence in rats (Aceto et al. 1998).

Finally, one last issue that should be addressed in the future is whether
these putative therapeutic agents will be used simply as palliatives, as the
history of medicinal cannabis would suggest, or instead as curative drugs.
The answer to this question may come from studies attempting to establish
a causative role of a defective endocannabinoid system in some disorders
such as, for example, those arising from exaggerated or disrupted immune
responses (inflammation, allergy, autoimmune diseases), or from the hyper-
or hypoactivity of the dopaminergic or other neurotransmitter systems (schizo-
phrenia, Tourette’s syndrome, anorexia, depression) (Consroe 1998). Were
such a causative role to be found, metabolically stable endocannabinoids
analogues and/or inhibitors of endocannabinoid degradation may contrib-
ute to the cure of these diseases. On the other hand, there may be a case for
the use of exogenous endocannabinoids also in the treatment of those
pathological states that are not necessarily related to altered endocan-
nabinoid levels and action. One example may be the recent finding of
anandamide derivatives with potent antiproliferative activity against growth
factor-dependent breast and prostate cancer cell proliferation (De Petro-
cellis et al. 1998; Melck et al. 2000; Di Marzo, Melck, et al. 2000). One of
these compounds, arvanil (Figure 10.5 and [Melck et al. 1999]) is a struc-
tural “hybrid” between anandamide and the widely used pharmacological
tool capsaicin (the active principle of hot chiles), and exerts also very potent
analgesic actions. Last but not least, the capability of endocannabinoids to
synergize with opioids and opiates in the treatment of hyperalgesia and
chronic pain is being debated (Manzanares et al. 1999).

In conclusion, the road to novel drugs from the endocannabinoid system
is still long and unpaved. Although much progress has been done toward the
understanding of the chemical bases underlying anandamide molecular rec-
ognition by cannabinoid receptors and inactivating proteins, thus leading to
new pharmacologically active substances (Figures 10.3 to 10.5), a multi-
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