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The present article reviews the main toxic effects of cannabis and
cannabinoids in animals. Toxic effects can be separated into acute
and chronic classifications. Acute toxicity studies show that it is vir-
tually impossible to die from acute administration of marijuana or
tetrahydrocannabinol, the main psychoactive component of
cannabis. Chronic toxicity involves lesions of airway and lung tissues,
as well as problems of neurotoxicity, tolerance and dependence, and
dysregulations in the immune and hormonal systems. Animal toxicity
data, however, are difficult to extrapolate to humans.
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Effets toxiques du cannabis et des cannabi-
noides : données d’études sur animal

Le présent article passe en revue les principaux effets toxiques du cannabis
et des cannabinoides chez les animaux. On peut classer les effets toxiques
en deux catégories : aigus et chroniques. Selon les études de toxicité
aigué, il est presque impossible de mourir d'une surdose de marijuana ou
de tétrahydrocannabinol, principal composant psychoactif du cannabis.
La toxicité chronique, de son coté, est associée a des lésions des voies
aériennes et des poumons, ainsi qu’a la neurotoxicité, tolérance et dépen-
dance, et a la dysrégulation des systémes immunitaire et hormonal. 11 est
cependant difficile d’appliquer aux humains les données sur la toxicité
animale.

Since its use in ancient times for therapeutic purposes,
cannabis has been known to produce deleterious effects.
The adverse effects of cannabis in humans are reviewed in the
present supplement to Pain Research & Management (1). Acute
effects of cannabis and cannabinoids are well established, while
some uncertainties exist with regard to its long-term effects (2).
However, as is often the case with cannabis, results of various
studies can be interpreted differently depending on the author;
for example, some authors may concentrate on the existence of
toxic effects, while others may insist that these effects are minor
(2). Overall, the most appropriate opinion on the use of med-
ical marijuana may come from the United States Institute of
Medicine when they stated that “except for the harms associated
with smoking, the adverse effects of marijuana use are within
the range of effects tolerated with other medications” (3).

It has been suggested that there are 426 chemical entities in
the marijuana plant, of which more than 60 are cannabinoids
(4). Therefore, it is not surprising that some of these sub-
stances can exert adverse effects. Hundreds of studies, starting
in the 1970s, have been published on the toxicity of cannabi-
noids in animals, and it is well beyond the scope of the present
article to review them all. We will only concentrate on key
animal data regarding the acute and chronic toxic effects of
cannabis and cannabinoids. One must keep in mind that most
of the animal studies performed have used delta-9-tetrahydro-
cannabinol (THC) injections of 10 mg/kg to 20 mg/kg, whereas,
for an average adult of 70 kg smoking a cigarette containing
15 mg of THC, this corresponds to an administration of 40 pg/kg
of THC (5).

ACUTE TOXICITY
In animals, the administration of high doses of THC, other
cannabinoids or endogenous cannabinoids (endocannabinoids)

such as anandamide, produces a typical response characterized
by hypothermia, hypolocomotion, catalepsia and antinocicep-
tion. From studies in knockout animals, it has been shown
that the cannabinoid receptor CB, is responsible for these
effects (6).

The overall acute toxicity of THC is low. The mean lethal
dose (that which kills 50% of animals) of oral THC in rats is
800 mg/kg to 1900 mg/kg depending on sex and strain (7).
Animal studies have shown a very large separation (by a factor
of more than 10,000) between pharmacologically effective and
lethal doses (8). Furthermore, no cases of death were reported
following maximum THC oral doses of up to 3 g/kg and 9 g/kg
in dogs and monkeys, respectively (8). However, monkeys
treated acutely with 128 mg/kg or more intravenously, died
from respiratory arrest and cardiac failure, whereas all monkeys
survived with doses of 92 mg/kg or less (9).

Phillips et al (10) investigated the acute toxicity of pure
THC in rats and mice (Table 1). Both rats and mice became
ataxic 1 min to 2 min after having received an intravenous
injection of THC. If stimulated, they became hyperactive for
1 s to 2 s. The righting reflex was lost and dyspnea progressed
to death by respiratory depression. Postmortem examination
revealed that all organs (except the lungs, which were congest-
ed and edematous) were unremarkable. Survivors were free of
toxic signs after 24 h to 72 h.

In rodents, low doses of cannabinoids decrease locomotor
activities, while higher doses stimulate movements and even
higher doses lead to catalepsy (11). Similarly, in mice, Adams
and Martin (12) describe a ‘popcorn effect’ in animals treated
with THC (sedation associated with a jump in response to a
stimulus wthat, in turn, triggers another stimulation and the
jump of another mouse, etc). Furthermore, cannabinoids
cause an increase in gait width (13) and show rotarod
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TABLE 1
Dose range of delta-9-tetrahydrocannabinol administered by different routes in animals to produce various effects
Spontaneous Decreased Drug Static Operant
activity rectal temperature Antinociception Catalepsy LDg, discrimination ataxia suppression Mortality
Mouse 1.0 mg/kg (iv) 1.4 mg/kg (iv) 1.4 mg/kg (iv) 1.5 mg/kg (iv) 42.5 mg/kg (iv) - - - -
482 mg/kg (orally)
Rat - - - 6.0 mg/kg (ip) 28.6 mg/kg (iv) 0.6 mg/kg (ip) - - -
800-1900 mg/kg (orally)
Dog - - - - - - 0.2 mg/kg (iv) No deaths after doses
up to 3 g/kg (orally)
Monkey - - - - - - —  0.2mgl/kg (iv) No deaths after doses

up to 9 g/kg (orally).
Death after doses of
128 mg/kg or more (iv)

Data from Forney (18), Thompson et al (9), and Phillips et al (10). ip Intraperitoneally; iv Intravenously; LD, Lethal dose (that which kills 50% of animals)

impairments in mice after direct injection of synthetic cannabi-
noids into the cerebellum (14).

Low doses of THC or other psychotropic cannabinoids pro-
duce a combination of sedative and stimulant effects, whereas
higher doses are mainly sedative (15). Animal studies have
also found that THC and anandamide cause deficits in short-
term memory in spatial learning tasks (16). These effects are
reversed by a cannabinoid CB, antagonist. In addition,
cannabinoids and endocannabinoids reduce motor activity,
reduce body temperature, decrease reflex responses and muscle
tone, impair the ability to carry out complex behaviour and
decrease overt aggressive behaviour, especially in primates for
the latter.

In isolated heart, THC produces a biphasic effect on heart
rate with an initial increase followed by a decrease. THC also
decreases coronary blood flow and cardiac contractile force
(17). In the whole animal (dogs, cats and rats), THC produces
a decrease in blood pressure associated with bradycardia, but
these effects may vary with other species. Milzoff et al (cited by
Forney [18]) have studied the effects of THC on heart rate, res-
piratory rate and body temperature in anesthetized rats after
doses of 0.625 mg/kg to 10 mg/kg. They have reported decreases
in all the parameters measured.

Finally, in rodents, THC and, to a lesser degree, other
cannabinoids, such as nabilone and cannabinol, reduce intes-
tinal motility by a CB, receptor-mediated mechanism (19).

CHRONIC TOXICITY
A great number of chronic and potentially toxic effects of
cannabis on various systems have been described.

Lung toxicity

Animals exposed to varying doses of marijuana smoke for 12 to
30 months show extensive damage to the smaller airways as
well as acute and chronic pneumonia. However, rats exposed
to marijuana smoke for one year failed to demonstrate any
anatomical or functional evidence of emphysema (20).

Neurotoxicity

Although the presumed neurotoxic effects of marijuana enter
into the legalization argument, surprisingly few experimental
studies of marijuana toxicity have been published, at least
until recently. Several laboratories have reported that chronic
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exposure to THC or marijuana extracts persistently alters
the structure and function of the rat hippocampus, a paleo-
cortical brain region involved with learning and memory
processes (21). It is suggested that both age during exposure
and duration of exposure may be critical determinants of neu-
rotoxicity.

Periods of cannabis or THC exposure shorter than three
months have not yet been demonstrated to produce neurotoxic
effects in rats (21). Studies of monkeys with up to 12 months
of daily exposure have not consistently reported neurotoxicity,
although one must keep in mind that it represents less time of
exposure for these animals compared with rats (lifespan of
approximately 40 years for monkeys compared with two to
three years for rats).

Studies of the effects of cannabinoids on neurons in vitro
have yielded inconsistent results. Indeed, the mixed reports of
neurotoxic and neuroprotective effects of cannabinoids are
confusing (22) (Figure 1).

TOLERANCE AND DEPENDENCE

Phillips et al (10) administered THC to rats intraperitoneally
for 30 days at five dose levels ranging from 0 mg/kg to 30 mg/kg.
Animals displayed signs of increasing ataxia, lacrimation, diar-
rhea and depression. There was no evidence of developing tol-
erance, although Carlini (23) has reported that rats can
develop tolerance to the behavioural effects of THC when low
doses are administered over a short period of time.

Tolerance to the biological effects of THC has been demon-
strated in cultured cells and animal species. Using the CB,
receptor antagonist SR141716A, a withdrawal syndrome can
be produced in rats, mice and dogs that have been maintained
on THC (24). The syndrome includes scratching, licking,
arched back and ptosis. However, there is no animal model of
cannabis dependence because animals do not typically self-
administer cannabis in the same way as they do with opioids,
cocaine or alcohol (24).

IMMUNE SYSTEM
Cell and animal experiments have shown that THC exerts
complex effects on humoral and cellular immunity (25).
Cannabinoids and endocannabinoids can be considered
immunomodulators that have an influence on almost every
component of the immune response machinery. Generally,
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endocannabinoids exert a negative action on the onset of a
variety of parameters of the immune response, although their
role in normal immune homeostasis and the development of
immune system disorder is still far from being resolved (25).

Guinea pigs and mice have been used extensively as exper-
imental models for documenting the effects of cannabinoids
(THC doses in the range of 0.2 mg/kg to 100 mg/kg) on host
resistance in the intact animal. It was established that THC
has the potential to compromise host resistance to both viruses
and bacteria (26). Furthermore, Mishkin and Cabral (27) have
demonstrated that the decreased antiviral responsiveness is
paralleled by decreased cellular and humoral immunity, sug-
gesting that THC targets specific elements of the immune
system involved in antivirus responses.

In vitro studies have also demonstrated that cannabinoids
alter the functional activities of a variety of immune cell types
(28). However, at present, there are no definitive data that
demonstrate that these in vitro cellular effects are operative in

humans (26).

CANCER

The antineoplastic activities of THC and its analogue were
first observed in the early 1970s (29). Based on the immuno-
suppressive effects of cannabis, animal studies were originally
performed to investigate the possibility that marijuana smoking,
or long-term THC treatment, might favour tumour growth.
These studies, however, initially produced contradictory
results. The data of one study suggested that the growth of a
lung carcinoma was enhanced due to CB, receptor-mediated
immune suppression (30). However, in a two-year adminis-
tration of high oral doses (50 mg/kg) of THC to rats and
mice, Chan et al (31) showed that THC treatment tended to
increase survival (70% in the treated animals compared with
45% in the untreated controls) and lower the incidence of
primary tumours with no marked histopathological alter-
ations in the brain or other organs. Indeed, it is now a fact
that cannabinoids inhibit tumour growth in laboratory ani-
mals by modulating key cell signalling pathways, thereby
inducing direct growth arrest and the death of tumour cells,
as well as by inhibiting tumour angiogenesis and metastasis
(32). Thus, cannabinoids are selective antitumour com-
pounds that kill tumour cells without affecting their non-
transformed counterparts.

Therefore, cannabinoids are potential anticancer agents,
which appear to be well tolerated in animal studies and which
do not produce the generalized toxic effects in normal tissues
that limit most conventional agents used in chemotherapy (33).

HORMONAL SYSTEM AND FERTILITY
Cannabis and THC act on the hypothalamic-pituitary adrenal
axis. In animal studies, a multitude of endocrine processes are
influenced by these drugs, including adrenocorticotropic hor-
mone, thyroid-stimulating hormone and growth hormone.
Indeed, the administration of cannabinoids decreases plasma
growth hormone levels, reduces serum thyroid-stimulating
hormone levels (by 90% within 60 min of treatment in rats)
and stimulates the release of adrenocorticotropic hormone and
glucocorticoids (34). Thus, the regulation of blood glucose
levels may be affected.

THC has been reported to account for the majority of the
reproductive hazards of marijuana use. Animal studies in
males largely confirm the ability of cannabinoids to suppress
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Figure 1) Dual effect of cannabinoids on neurons. Cannabinoids may
lead to opposite effects on mneuron survival/death. Stimulation of
cannabinoid receptors located on brain neurons (CB,) provides pro-
tection against excitotoxicity (through inhibition of glutamate release
and activation of intracellular signalling cascades) or augmentation of
excitotoxicity (by decreasing gamma aminobutyric acid [GABA] release
from GABAergic inhibitory interneurons). Finally, cannabinoids may
exert their neuroprotective effects via a third mechanism which does not
involve CB, receptors. CNS Central nervous system; NMDA N-methyl-
D-aspartate; THC Delta-9-tetrahydrocannabinol. Reproduced with per-
mission from Mechoulam and Lichtman (22)

spermatogenesis, to induce aberrations in sperm morphology
(35), to reduce the weight of reproductive organs and to
decrease the plasma concentration of hormones such as testos-
terone (an acute dose of THC produces a 65% reduction in
plasma testosterone levels by 60 min in the rhesus monkey)
(36). These studies suggest that THC inhibits luteinizing hor-
mone and follicle-stimulating hormone secretion, consequently
decreasing testosterone production and altering spermatogenesis
(34). High THC doses cause a modest increase in abnormally
formed sperm (5.3% in mice treated with 10 mg/kg of THC per
day for five days compared with 1.5% in controls) (35). In
females, THC prolongs the estrous cycle and decreases the
proestrous surge of luteinizing hormone inhibiting ovulation
(37). Acute cannabinoid exposure inhibits basal prolactin
release in monkeys and rats, and blocks the prolactin surge that
occurs on the day of proestrus or in response to suckling (34).

In addition, exposure to natural cannabis extracts during
pregnancy has been correlated with embryotoxicity and specific
teratological malformations in rats, hamsters and rabbits (37).
Finally, anandamide has been shown to impair pregnancy and
embryonic development in mice. However, anandamide has
been suggested to have a dual role, with low anandamide levels
being associated with implantation and high levels with uterine
changes during gestation (37).

EXTRAPOLATION OF ANIMAL DATA TO
HUMANS
Animal studies are important in determining the overall toxici-
ty of compounds such as cannabis and cannabinoids. They allow
the use of various animal species, the choice of the route of
administration and doses, as well as the duration of the treat-
ment to obtain acute or chronic conditions. Furthermore, it is
possible for animal studies to control for confounding factors,
and also to allow direct pathological studies of all the organs.
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When it comes to extrapolation of the data to humans, the
picture is more complex. Three main approaches based on
body weight, body surface area and pharmacokinetic data have
been used to extrapolate animal data to humans (2). However,
none of these approaches is ideal, and sometimes quite puzzling
results are obtained. For example, the lethal dose of THC in
nonhuman primates turned out to be five- to 10-fold higher
than that found in rats and dogs (6).

CONCLUSIONS
More data are needed on the adverse effects of cannabinoids in
animals, especially on controversial issues such as their effects on
the brain and immune system. However, one should be very
careful when interpreting the results and appying them to
humans. The best approach to human toxicology rests on the
study of human data.
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