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Abstract

The following review of literature regarding the pharmacology of marijuana is intended to demonstrate its mental
and physical pharmacological effects. "Marijuana" refers specifically to the dried leaves and flowering tops or "herbal
cannabis”, the natural form of cannabis as derived from the plant Cannabis sativa. Another term for marijuana is the
word cannabis or hemp.
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Introduction
Marijuana consists of more than 421 components and 60

pharmacologically active cannabinoids. The two best-described
cannabinoids are THC and cannabidiol (CBD). Most of the other
compounds are not yet understood and their mental and physical
effects are unknown [1-3].

Marijuana is highly lipophilic which leads to its storage in adipose
tissue, liver, muscle and spleen and redistributed into the users blood
stream long after ingestion. Because of the persistence in the body,
marijuana can cause highly potent mental, physical and toxic effects in
the users that are hard to control or predict [2].

In addition, Marijuana causes dependence, tolerance and addiction.
The attempt to discontinue its use causes withdrawal symptoms
consisting of: anxiety, depression, decreased appetite, headaches,
insomnia, irritability, muscle tension, nausea, nightmares and
unpleasant vivid dreams [4,5].

Chemistry of Marijuana
Marijuana, as used in the general population for smoked

consumption, is an extract of the plant Cannabis sativa (Indian hemp).
It consists of more than 421 components and more than 60
pharmacologically active cannabinoids. The two most well described
cannabinoids in marijuana are delta9-tetrahydrocannabinol (THC)
and cannabidiol (CBD) [1,3]. CBD does not produce any of the
psychoactive responses and appears to block some of the effects of
THC by acting as an antagonist at the cannabinoid receptors [2,6,7].

THC has a tri-cyclic 21-carbon structure without nitrogen and with
2 chiral centers in transfiguration. THC is volatile viscous oil with high
lipid solubility and low water solubility and a pKa of 10.6. The primary
active metabolite of THC is 11-hydroxy-delta-tetrahydrocannabinol
(11-OH-THC) and the primary inactive metabolite is 11-nor-9-
carboxy-delta-9-tetrahydrocannabinol (THC-COOH) [2] (Figure 1).

Figure 1: Chemical structure of cannabidiol.

Marijuana Cultivation
Marijuana is a plant that grows best in temperatures of about 20°C

or 68°F but the plant has a characteristic of being “flexible” meaning it
can potentially grow in extreme conditions. The typical growing
regions are anywhere within the 35 degrees of the equator. Typical
growing regions include Mexico, Nepal, Northern India, many parts of
Africa, Afghanistan, the United States and Australia. Marijuana can
also be planted in homes and it is therefore possible to plant marijuana
almost anywhere in the world. Seeds for Marijuana can be easily
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shipped by mail and are mostly from warmer climate countries with
twelve hours or more of sunlight a day.

The duration of the growth of the plant depends of the conditions
and can vary from 8 weeks to more than 7 month, the average growth
being 3-4 month for indoor growers. After the harvest process the
flower buds need to be dried for 3-10 days [8-10].

Natural Form
Marijuana is dried material from the Cannabis sativa plant, from

leaves, stems and flower buds, and consists THC, Cannabidiol and
other cannabinoids. “Medical marijuana” as defined by state laws is
available in herbal form utilizing dried parts of the cannabis plant
(only in some states), and essentially the same form that is sold illicitly.
THC is the active ingredient sought after for its psychoactive effects
[2,5]

In the last decades Marijuana has become significantly more potent
and consequently, more dangerous. The average THC content in
confiscated cannabis in 1990 was around 3.7 percent for marijuana and
7.5 percent for sinsemilla, which is higher potency marijuana from a
specially tended female plant. Compared to these numbers, the
contents changed towards the more potent form, with averaging 9.6
percent for marijuana and 16 percent for sinsemilla [11]. Also newer
forms of marijuana are available with higher contents of THC that
contain THC-rich hash oil. The average marijuana sold on streets
currently contains 50 percent THC with samples exceeding 80 percent
[12].

Synthetic Forms
A synthetic version of THC is available per prescription Marinol

(Dronabinol), or as newer synthetic form of THC, Cesamet (Nabilone)
[1,4,13]. Synthetic THC does not have the same effect as the “natural”
cannabis. Natural cannabis cannot be synthesized yet due to its
unknown compounds. The potent synthetic cannabinoids have
different chemical qualities and are more water-soluble than THC and
can therefore also be administered intravenously [2,14].

Another form, currently being tested in the US is Epidiolex, a CBD-
based liquid medication that is tested for childhood epilepsies, Dravet
syndrome and Lennox-Gastaut syndrome [4].

Semi-Synthetic Forms
A combination of THC and cannabidiol is only available outside of

the US under the name Sativex (Nabiximols). It is available as a
peppermint-flavoured spray. It is a so-called “whole plant” extract,
includes THC and CBD at a ratio of 1:1. It stems directly from the
cannabis plant and is not synthetic, yet it undergoes an extensive

processing regimen [15]. THC and CBD represent approximately 70
percent of the product, with 5 percent from other cannabinoids and
the remainder being terpenoids, flavonoids, sterols, alkanes, and other
chemicals [15].

Mechanism of Action
Marijuana’s main sites of action are in the brain and the spinal cord.

It binds to two types of G-protein-coupled receptors, CB1 and CB2.
CB1 receptors are predominantly expressed in the brain and located in
the basal ganglia, cerebellum, hippocampus, association cortices,
spinal cord and peripheral nerves [4,7,16,17]. Through antagonistic
effects on the CB1 receptor, marijuana induces its mental and
behavioral effects. By acting on CB1 receptor, marijuana alters the
user’s perceptions and mood and disturbs memory function and
learning and leads to impaired judgment. Additional central effects of
marijuana are a disruption of psychomotor behavior, psychosis and
loss of time perception as well as impairment in movement
coordination [5,7,18]. Because of these perceptual aberrations,
marijuana was originally classified as an hallucinogen.

Marijuana over-activates the endo cannabinoid system, also known
as "the body’s own cannabinoid system" causing addiction and a major
part of the behavioral abnormalities [6,17,18].

The anti-emetic effects are mostly mediated through antagonism at
the 5-HT3 receptors [1,19].

The CB2 receptors are mainly found in the peripheral tissues on
cells in the immune system, the hematopoietic systems and in the
spleen. These receptors may play a role in the immune-suppressive
activity of cannabis [4,16,17]

Both cannabinoid receptors, CB1 and CB2, are G-protein coupled
and become activated through inhibition of the adenylate-cyclase. The
activation of these receptors cause an inhibition of the release of the
neurotransmitters acetylcholine and glutamate while indirectly
affecting y-aminobutyric acid, N-methyl-D-aspartate, opioid and
serotonin receptors. The cannabinoid receptors are predominantly
located presynaptic rather than postsynaptic which means that
cannabinoids modulate the neurotransmitter releases [18].

Recent studies have shown that marijuana decreases the sensitivity
to dopamine in the reward center in the brain, mainly the region in the
mesolimbic dopamine system. Dopamine neurons are located in the
midbrain and dopamine is the neurotransmitter responsible for the
brain’s pleasure and reward center. The limbic system consists of the
amygdala, the nucleus accumbens, the prefrontal cortex and the
hippocampus. In addition to the pleasure and reward, the mesolimbic
dopamine system is associated with the functions of movement,
preservation, and compulsion (Table 1).

Absorption Peak concentration Factors impacting absorption Bioavailability

Quick Fast, rapid drug
delivery to the brain 22 min Depth of inhalation, frequency of puffs, breath hold

Varies 2-56 percent Heavy users
23-27 percent Occasional users

10-14 percent

Table 1: Inhalation/smoking [1,5,20].

Pharmacokinetics
Smoking marijuana has the highest addictive potential due to rapid

and efficient drug delivery from the lungs to the brain [1,5,20].

A major fraction of THC is destroyed by pyrolysis, which causes the
variance in systemic bioavailability between heavy and occasional
users. More than 2000 compounds mostly unknown in their exact
clinical structure and physical and mental effects are produced by
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pyrolysis during smoking of marijuana. These chemicals include
different classes of chemicals including nitrogenous compounds,
amino acids, hydrocarbons, sugar, terpenes and simple fatty acids [2]
(Table 2).

Absorption Peak
concentration

Factors impacting
absorption Bioavailability

Slow
1-2 h, can be
delayed to up to 8
h

Degradation of the
drug in the stomach
and First-pass

Ranges from
10-20 percent

Table 2: Oral route [1,4,5,21].

Compared to inhalation, the onset of effects is delayed in oral use,
peak concentrations are lower but the duration of pharmacokinetic
effects are extended with a delayed return to baseline [1,21]. First pass
metabolism means that only a fraction of the marijuana ingested
actually becomes available in the blood stream [4,21].

The suppository form of natural marijuana as well as synthetic THC
is available as an ovular capsule that can be inserted vaginally or
rectally. The capsules are typically about an inch long and are made
from a mixture of coconut oil infused with marijuana or FECO (Full
Extract Cannabis Oil)-infused cocoa butter. Once inserted, the capsule
dissolves and is absorbed into the bloodstream through the thin lining
of the intestinal wall [1] (Table 3).

Absorption Peak
concentration

Factors impacting
absorption Bioavailability

Fast 30 min High first past
metabolism

Similar to oral
route

Table 3: Oralmucosal/sublingual [4,21].

In transcutaneous absorption, the transport across the skin layers is
limited by the hydrophobic qualities of cannabis, making it the rate-
limiting step. A transcutaneous carrier selected from the group
consisting of water, short carbon chain alcohols, dimethysulfoxide,
polyethylene glycol, polypropylene glycol, glycerin, mineral oil and
mixtures thereof [4,20].

The delivery to the brain when administered transcutaneously is
much slower compared to smoking. Steady state plasma concentrations
were found to be maintained for at least 48 h [1] (Table 4).

Absorption Peak
concentration

Factors impacting
absorption Bioavailability

Fast 15 min Low first past
metabolism Twice of oral route

Table 4: Rectal [1].

Metabolism of Cannabis
THC is metabolized in the liver by microsomal hydroxylation and

oxidation via CP450 enzymes. The hydroxylation of THC through
CP450 enzymes leads to the production of the equipotent active
metabolite 11-OH-THC. Cytochromes involved in the oxidation of
THC are CYP 450 2C9, 2C19 and 3A4. More than 100 THC
metabolites including di- and trihydroxy compounds, ketones,
aldehydes, and carboxylic acids, have been identified. The oxidation of
the psychoactive 11-OH-THC produces the inactive metabolite THC-

COOH, which is with its conjugates the major end product of
biotransformation. Extra-hepatic sites in the brain, intestine and lung
might contribute to the metabolism of cannabis [1,2] (table 5).

Absorption Peak concentration Factors impacting
absorption Bioavailability

Slow

2 h Steady state
plasma concentrations

were found to be
maintained for at least

48 h

Transport across the
skin layers No first-
pass metabolism

10 percent

Table 5: Transcutaneous [4].

Marijuana has been shown to affect the pharmacokinetics of other
drugs in several ways through inhibition of the CP450 enzyme. It
mediates the absorption of other drugs and may also slow down the
absorption of others and to enhance or delay the penetration of drugs
into the brain. Marijuana interacts through CP 450 with medications
levels for example warfarin and theophylline and is linked to toxic
levels or supra-therapeutic INR values. Also antidepressants for
example SSRIs inhibit the hepatic CP450 enzymes. Prozac and Paxil
extend the availability of marijuana in the serum due to competition
with the enzyme [22].

Distribution
It is essential to know the pharmacokinetic effects of marijuana to

understand the onset and magnitude of its effects as well as the toxicity
and extended potency. In addition, marijuana has many documented
acute and chronic toxic effects on brain and behaviour [22,23].

Central to Marijuana’s toxicity is that it is a highly lipophilic
substance that is taken up by tissues that are highly perfused in the
blood circulation, such as heart, lung, brain, muscle and liver as well as
adipose tissues. With prolonged marijuana exposure, fatty acid
conjugates of THC and 11-OH-THC are formed, increasing the
stability of these compounds and allowing even its extended storage in
the tissues. Studies with radioactive tracers for THC have shown a
large volume distribution of the active form of THC and its slow
elimination from body stores long after use for continued
pharmacological effects. The half-life of infrequent users is 1.3 days
and for frequent user it is 5 to 13 days [1,2,24].

Therefore the pharmacological effects of marijuana and also its toxic
effects can persist for a prolonged period of time after the last ingestion
or exposure, which makes it highly unpredictable. Also the effects of
marijuana increase in potency in frequent and long term users since
cannabis release from storage in the tissues to be added to the newly
ingested amount of marijuana [25].

The pharmacokinetics of marijuana is distinct from other addictive
substances, for example alcohol and opioids, which have a much
shorter half-life and do not have the quality to be stored and recirculate
into the blood system. Marijuana’s toxic effects persist and are much
more unpredictable [26].

Marijuana transfer through placenta and breast milk
The psychoactive ingredient of marijuana (THC) is reported to

transfer through the placenta vessels to the fetus or embryo. Due to the
lipophilic qualities of marijuana it accumulates in the milk. An analysis
of breast milk from chronic heavy marijuana users indicated an eight-
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fold concentration in milk compared to the mother’s plasma level [1]
(Table 6).

Overall Clearance rate Route of excretion Conjugation Primary metabolites

Woman 11.8+ -3 L/h Feces 65% Hepatic: water-soluble metabolite after
conjugation with glucuronic acid Feces: 11-OH-THC

Men 14.9 +-3.7 L/h Urine 20% Renal: Tubular reabsorption and low renal
excretion of the unchanged drug Urine: THC-COOH

Table 6: Excretion of marijuana [1,41,42].

Therapeutic Effects of Marijuana
“Medical marijuana” is marijuana in its natural form, and is claimed

to have therapeutic effects for various medical indications and
conditions, mainly through legislative acclimation. The medical use of
the herbal form of cannabis (marijuana) has not been approved by any
regulatory agency worldwide [6].

Its natural forms have not been approved for any conditions by the
FDA, only synthetic forms have. There are two different synthetic
forms on the market that are FDA approved. Those are dronabinol
(Marinol) and nabilone (Cesamet). Those are approved for the
indications as an appetite enhancer in AIDS patients and for nausea in
patients undergoing chemotherapy [6,22].

Toxic Effects of Marijuana
In contrast to the undocumented and inconsistently reported

clinical benefits, the toxic effects of marijuana are consistently noted
and demonstrated in studies [1,2,4,22].

Mental and behavioural effects
As classified as a hallucinogen, Marijuana impairs the users

coordination, perception regarding time and surroundings,
comprehension of information and cognition. Some studies suggest
these cognitive changes are permanent [22,23].

Marijuana causes the user to be impaired in their alertness and
judgment. Users become “stoned” and can develop psychotic
symptoms consisting of hallucinations, paranoia and delusions
[4,26-28]. Even a single dose of cannabis can lead to substance-
induced psychotic disorder. In patients with pre-existing
schizophrenia, it leads to higher rates of readmissions and in bipolar
disease it can precipitate a manic episode with or without pre-existing
Bipolar Disease [4,29].

These psychotic reactions increase the likelihood of violent
behaviors and impairs the person in properly operate machinery.
Under the influence of cannabis, higher rates of traffic accidents and
deaths are reported [2,5,6].

Furthermore, marijuana frequently causes and induces anxiety and
depression in the users, which might be brief panic reactions but long
lasting psychiatric symptomatology is described [30-33].

In the adolescents, the use of marijuana is associated with induced
ADHD and causes higher dropout rates in schools and well as an
increased likelihood to use other illicit substances as well as licit
substances like alcohol and opiates [2,4,6,23].

Marijuana users overall have a reduced quality of life compared to
non-users. In users with pre-existing mental conditions for example

anxiety or depression, the decline in quality of life is even more severe
[34]. Marijuana's negative effects on attention, memory, and learning
can last for days or weeks after the acute effects of the drug wear off.
Consequently, someone who smokes marijuana daily may be
functioning at a reduced intellectual level most or all of the time.
Several studies have also linked heavy marijuana use to lower income,
greater welfare dependence, unemployment, criminal behavior and
lower life satisfaction [32,35].

Physical effects
Marijuana causes dose dependent tachycardia and increases the

cardiac labor. The risk of suffering an acute cardiac event is increased 5
fold for previously healthy individuals and even higher for users with
pre-existing cardiac conditions [5]. Higher levels of
carboxyhemoglobulin in the circulating blood cause hypoxia and
ischemia in organs. Marijuana also causes a reduced blood flow in the
brain by increasing the cerebrovascular resistance and systolic velocity
significantly compared to non-users [5].

In the periphery, the parasympathomimetic tone in the user’s body
is decreased by marijuana. The dilation of blood vessels leads
potentially to othostatic hyotension and subsequently to syncopes
[4,5].

The smoke of marijuana causes symptoms of COPD and users
wheeze and frequently cough. The sputum production is increased
similar to users inhaling tobacco [4,36].

Marijuana also causes negative effects in pregnancy. It alters the
neurological development in the embryo in utero. Babies born from
mothers who consumed cannabis have a higher pitch cry and tremble
more. Cannabis also reaches the new-born through transmission in the
breast milk [5].

In addition, the use of marijuana is linked to the development of
certain cancers. Gliomas, prostate and cervical cancers are described.
In pregnant women increased incidents of leukemia,
rhabdomyosarcomas and astrocytomas are linked to cannabis use [4].

Marijuana also influences reproductive organs negatively. A study
from Denmark found significant lower sperm concentrations in
marijuana smokers compared to non-smokers [37,38]. Another study
found that THC suppresses the adrenal cortical hormones prolactin,
thyroid hormones and growth hormones [4].

Marijuana Addiction/Tolerance/Dependence
Marijuana is classified in the US as a Schedule I drug which, like

heroin, contains substances with a high potential for abuse, with no
current accepted medical use and a lack of accepted safety for medical
use [1].
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Marijuana affects the same reward systems in the brain as alcohol,
cocaine and opioids in two different ways [2]. Marijuana induces the
release of endorphins in the brain from the nucleus accumbens and the
orbito-frontal cortex, which produce the feeling of pleasure and
reward. Endorphins are hormones that are naturally produced in the
brain that have an opioid like effect. In addition, Marijuana acts as a
dopamine agonist in the brain, stimulating reinforcement regions in
the meso-telencephalic dopamine (DA) system [26,39].

Due to the developing tolerance, greater amount of cannabis are
required over time to experience the same effect. Tolerance to cannabis
occurs in relation to mood, psychomotor performance, sleep, arterial
pressure, body temperature and antiemetic properties [2,40].

In addictive use, attempts are made to cut back on their use and a
great amount of time is spent to obtain the drug. During periods of
abstinence, the user is experiencing cravings or a strong desire to use
cannabis [4,26,40,41]

With discontinuation of the use or in between doses, withdrawal
symptoms occur. Symptoms of marijuana withdrawal are consistent of:
anxiety, depression, decreased appetite, headaches, insomnia,
irritability, muscle tension, nausea, nightmares and unpleasant vivid
dreams [4].

In earlier studies it was described that symptoms of withdrawal start
after 4 h and returning to baseline after 4-7 days. In the recent studies
the withdrawal typically occurred between 1-3 days and peaks between
2-6 days. Most intoxicating and withdrawal effects were lasting up to
4-14 days depending on the frequency of use, dose, and route of
administration [1].

This long lasting effect of marijuana differentiates the drug from
other substances, e.g. alcohol which are eliminated much faster with
shorter periods of intoxication and withdrawal [2,26].

Detection of Marijuana
The detection of cannabinoids is necessary for many different

purposes: impaired driving investigations, crime investigations,
pharmacokinetics, drug treatment or workplace drug testing.
Marijuana can be detected in body fluids following exposure through
active/passive inhalation as well as oral consumption or transdermal or
rectal application and through exposure through breastfeeding [1,2,5].

Marijuana can be detected in saliva, blood, urine, hair and nails. In
the blood, 95-99 percent of the THC and THC-COOH are found in
the plasma fraction, bound to lipoproteins. In order to detect
marijuana, multi-step extractions to separate marijuana from
endogenous lipids and proteins are required because of its lipophilic
quality. In addition, marijuana has a high affinity to glass or plastic
containers [1,24,40,41].

Various laboratory techniques are available for screening as well as
confirmation tests for detection of marijuana. The preferred screening
test or the detection of marijuana is the Immunoassay. Test kits are
available as urine dip tests that can be used with small amount of urine
and results read immediately. Screening tests are for instant detection
and not very costly. False positive results occur through structurally
related drugs or artefacts through pH, detergents or surfactants.
Examples for medications that can cause a false positive test result for
marijuana are: Ibuprofen, Naproxen, Ketoprofen, Promethazine,
Pantoprazole, Riboflavin. Other substances that can create false
positive results are Baby Soaps and Shampoos [1].

In case a confirmatory test is desired, the most frequently used
method to detect marijuana is Chromatography-Mass Spectrometry
[2]. These tests generally require the substance to be sent out and take
more time and are also more expensive. Levels of marijuana can be
measured in the serum and in the urine per Quantitative Liquid
Chromatography-Tandem Mass Spectrometry. The Substance Abuse
and Mental Health Services Administration set the lower level
threshold for the detection of cannabinoids with a cut-off of 50 ng/ml.
That level is consistent with recent or heavy use [1,42].

Urine
The preferred material for analysis for marijuana is urine since it is

easy to collect and higher levels and longer detection times. Due to
marijuana’s particular pharmacological dynamics, being stored and
redistributed into the system, it can be detected very long after
exposure or last ingestion for up to several months. The longest
reported case, a user had used marijuana heavily for more than ten
years and his urine was positive at a concentration >20 ng/ml (by
immunoassay) 67 days after last use [1,4,24,39,43].

Oral fluid testing
Oral fluid testing is the best test for determining cases of driving

under the influence of marijuana as well as workplace testing and drug
treatment. The oral mucosa is exposed to high concentrations of THC
during smoking. Several hours after exposure, the oral mucosa serves
as a depot for release of THC into the oral fluid (saliva). Compared to
urine, the detection time in oral fluids is shorter which makes it more
indicative of recent marijuana use. THC can be detected in the saliva
for up to 24 h after use by radioimmunoassay [1,4,5,21]

Sweat
Sweat testing is mostly used in criminal justice, workplace testing as

well as monitoring for drug treatment and lastly clinical studies. The
main method for detection of marijuana in sweat is radioimmunoassay
[1].

Hair
Marijuana accumulates into the hair in different ways. Hair tests

generally take the most recent 1.5 inches of growth and use those for
testing. This method provides a detection period of approximately 90
days [16].

Serum
THC can be detected in the plasma immediately after the first

cigarette puff [1]. Marijuana is detectable in the blood for
approximately 2-3 days after use in an infrequent user. Frequent
marijuana use can be detected in the blood for approximately 2 weeks
[1].

Conclusion
Marijuana is not a practicable or safe drug for recreational or

therapeutic use due to its pharmacology. The exact contents of
marijuana are yet not known with it’s over 421 components and 60
pharmacologically active cannabinoids. THC is thought to be the only
psychoactive ingredient but further research is needed to determine
the role and effect of the cannabinoids [1,2,4].
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Marijuana has a high addiction potential, impairing the users
judgment and leading to hazardous situations when used despite the
negative consequences in users personal life, occupation and lastly
health. Marijuana causes tolerance, dependence and withdrawal in
between uses. Withdrawal symptoms are very unpleasant and
consistent of: anxiety, depression, decreased appetite, headaches,
insomnia, irritability, muscle tension, nausea, nightmares and
unpleasant vivid dreams [4].

Marijuana is consumed for subjective reasons driven by compulsive
behavior to continue the use of the drug. The moment of euphoria is
short in nature and followed by the feeling of being “stoned”. Users
experience distortion of time and location followed by paranoia,
anxiety and other hallucinations or delusions. Marijuana users have a
decreased quality of life and are more likely to suffer from psychiatric
conditions like depression and anxiety [16,30,34].

In the case of “medical marijuana” the toxic effects are so severe that
if they would be explained and understood, potential patients (not
seeking marijuana) would ask their physician for an alternative
treatment. The knowledge of the fact that marijuana is carcinogenic
and toxic during pregnancy and nursing period might stop certain
users. Further, marijuana is not FDA approved and classified as s
Schedule I medication with no proven medical benefit [6].

Marijuana has a long half-life and, due to its lipophilic quality,
persists in the body for a long time following its last exposure and
makes its effects dangerous to predict in terms of its toxicity. Users
walk around “impaired”. This pharmacological quality differentiates
marijuana from other drugs for example opioids and alcohol, which
are cleared out of the users system in a shorter, specific time window
and do not accumulate and have more predictable effects [1].
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