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How many victims of the counterculture have suffered cognitive damage from marijuana smoking? 

Marijuana is the most widely used illicit drug in the 
United States and Europe, and tends to be the first il­
legal drug that teens use. In the United States, it is es­

timated, conservatively, that more than 5.5 million adults 
smoke the drug weekly. 

Although Cannabis sativa, or marijuana, has been in use for at 
least 4,000 years, it was not until 1964, that Israeli biochemists 
R. Mechoulam and Y. Gaoni isolated the principal psychoactive 
ingredient of the marijuana plant: delta-9-tetrahydrocannabinol. 

Delta-9-THC is the substance in the plant that produces the 
"high," the feeling of intoxication, that users crave.' The mari­
juana plant contains more than 400 chemical compounds, of 
which 60 are cannabinoids—psychoactive compounds that can 
be extracted from the cannabis plant, or produced within the 
body after ingestion and metabolism of cannabis. 

Here, we analyze the ramifications of some of the most im­
portant scientific discoveries about marijuana and its negative 
impact on the brain. Marijuana can also cause damage to the 
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lungs and the reproductive system, but that will not be re­
viewed here. Naturally, the brain is part of, and absolutely de­
pendent on, the functioning of the rest of the organs of the 
body, for example, for its glucose and oxygen supply. But the 
brain is in charge of the body; it is the physical substratum of 
the intelligence, memory, wi l l , and emotion. The human 
species alone can bring to bear its brain—its intelligence—to 
change the world around it for better or worse. 

Delta-9-THC is found in the resin located mostly in the flow­
ering tops of the plant, with a smaller amount in the leaves, 
and the least amount in the fibrous stalks. As a result, the psy­
choactive potency of a cannabis preparation varies enor­
mously, depending on which part of the plant was used to 
make it. The most powerful form is from the pure resin re­
moved from the leaves and stems; this is known as hashish. Its 
concentration of delta-9-THC is about 8 to 14 percent. Next in 
potency is ganja, which is very commonly smoked in the 
United States. (Unless otherwise stated, we are referring here 
to the smoked cannabis form of administration, except, of 
course, in animal experiments.) Ganja is made up of dried 
plant material taken only from the tops of unpollinated female 
plants. Known as sinsemilla, this version of marijuana has a 
THC content of from 4 to 8 percent.2 

In Holland there are varieties of cannabis for sale with delta-
9-THC levels averaging 20 percent, which has led to concern 
about the high potencies and the resulting psychoactivity. 
Whether or not the potency levels of other types of cannabis 
are leveling off in the late 1990s, or are climbing to the levels 
of Dutch potencies, or beyond, is still an area of much contro­
versy, and the scientific community as well as police forces in 
the United States and Europe are tracking the issue. 

Marijuana Targets the Brain 
The principal target of delta-9-THC, as with all drugs of 

abuse, is the brain, and therefore, researchers concentrated 
their efforts into investigating the effects of this plant con­
stituent on the body's most important organ. 

Cannabis, like nicotine, is normally inhaled, and therefore 
has rapid access to the blood system. The drug and its metabo­
lites are lipophilic (fat soluble), and thus are easily able to pass 
through the blood-brain barrier, which controls the passage of 
many substances into the brain. Even antibiotics, or drugs for 
cancer treatment, do not cross this barrier; yet, cannabis is able 
to penetrate the two layers of cells that form the blood-brain 
barrier. After metabolism in the lungs and liver, into its metabo­
lites, THC moves rapidly to lipid-rich tissues in the body, in­
cluding the brain.3 

The user's most common reported feelings under the influ­
ence of cannabis are a release from stress, a loosening of asso­
ciations, and euphoria.4 It can be a euphoriant, or an excitant, 
and it can change. As investigators have found, marijuana is 
dose-dependent, with intoxication most intense for the first 
two to three hours. The user's past psychological history, his 
experience with marijuana, and the social setting all play a 
role in marijuana's influence, in correlation with the drug's 
chemical complexity and myriad personality effects. 

Because THC and its metabolites are fat soluble, they may 
remain in the fatty tissues of the body for a long time. Later 
they are released into the bloodstream. There is substantial hu­
man variability in the metabolism of cannabis, but it is now 

proven that individuals who use cannabis daily are more at 
risk than infrequent users, because of the slow release of THC. 
The time necessary to clear half the administered dose of THC 
differs for experienced and inexperienced users, with experi­
enced users accumulating more THC in their systems.5 

The plant constituent delta-9-THC has been found to pro­
duce many characteristic cognitive deficits in both human and 
animal subjects. It impairs the brain's functioning, particularly 
with regard to chronic use. Numerous investigations have 
found that the most pronounced impairments are reduced 
short-term memory, locomotion disorders, altered time sense, 
paranoia, fragmentation of thought, and lethargy.6 

Until 1988, when specific cannabinoid receptors were found 
in the brain, the mode of cannabinoid action in the human body 
was not at all clear. There was little biochemical or neurological 
proof to link these type of behavioral disorders with the actions 
of specific mechanisms. Pharmaceuticals that mimic THC's ef­
fects, called analogues, were not then available for studying the 
the pharmacological kinetics of marijuana. Because of this lack 
of conclusive research findings in precisely those areas that es­
tablish addiction—that is, the ability of a drug to create depen­
dence and cognitive disorders—marijuana became the subject 
of much public controversy. The media and the pot legalization 
lobby labelled marijuana a "soft" drug. By distinguishing it from 
the opiates—cocaine, alcohol, or the methamphetamines, 
which are categorized as "hard," or addictive—the legalization 
lobby minimized the risks of cannabis use. 

New Discoveries in an Old Field 
Starting in 1988, researchers made new discoveries on the 

mode of action of marijuana on the biochemical and molecu­
lar level. With the help of these findings, marijuana research 
is in a new, exploratory phase, and scientists are tracking how 
cannabis consumption specifically alters the physical func­
tioning of the hippocampus, cortex, pituitary gland, and basal 
ganglia. We caution, however, that most of this research, al­
though extremely useful, assumes a mechanistic view of the 
brain's functioning. 

Marijuana research goes back to the 19th century. The 
prominent French psychiatrist, Jacques-Joseph Moreau, (1804-
1884), is known as the father of modern psychopharmacology. 
He was the first medical man to do systematic work with drugs 
active in the central nervous system, and to catalogue, ana­
lyze, and record his observations. Moreau wrote the book 
Hashish and Mental Alienation in 1845, and his work is as ap­
plicable today as it was then. 

Moreau identified the fact that marijuana's effects on the 
brain were both many and subtle, and therefore not always 
visible to the naked eye. After observing the acute behavioral 
changes hashish caused in some of his mental patients at the 
famous Charenton mental hospital in France, he wrote: 

Yes, unquestionably there are modifications (I do not 
dare use the word lesion) in the organ that is in charge of 
mental functions, but these modifications are not those 
one would generally expect. They will always escape the 
investigations of the researchers seeking alleged or 
imagined structural changes. One must not look for partic­
ular abnormal changes in either the gross anatomical or 
defined histological structure of the brain; but one must 
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look for an alteration of its sensibility. That is to say for an 
irregular, enhanced, diminished, or distorted activity of 
the specific mechanism upon which depends the 
performance of mental functions [emphasis added].7 

The "distorted" activity which Moreau described, are ac­
tions that originate from the effects of marijuana on the central 
nervous system. The human central nervous system contains 
three major structural components: 

• The midbrain and brain stem control basic autonomic re­
sponses and the elementary movements associated with loco­
motion, feeding, and copulation. 

• The cortex—the mass of "gray matter" at the top of the 
mammalian brain, which is substantially larger among pri­
mates than other mammals—specializes in complex informa­
tion processing. In humans, the cortex is the thin uppermost 
layer of the cerebrum, which consists of two hemispheres. The 
cortex is associated with verbal language, memory, and the 
abilities necessary for reading. 

• The limbic system, or the third system, consists of struc­
tures between the midbrain and cortex, like the amygdala and 
the hippocampus. In mammals, it is hypothesized that this sys­
tem is associated with the emergence of emotion and the de­
velopment of more complex learning and social behavior. 

The human brain weighs three to four pounds and contains 
about 100 billion neurons. These polarized nerve cells receive 

signals on highly branched extensions of their bodies, called 
dendrites, and send the information along unbranched exten­
sions, called axons. 

There are a multitude of complex physical interactions in the 
brain. In the conventional view, which is, as noted, mechanis­
tic, communication among neurons is mediated by chemical 
transmitters that are released at specialized contacts called 
synapses. The chemical transmitters are called neurotransmit­
ters, and they process the chemical messages that enable brain 
cells to communicate; the receptors might be thought of as tiny 
doors on cell surfaces that allow messengers in. 

Recent Research Advances 
In 1988, William Devane, et al. found a specific cannabi­

noid receptor in a rat brain8 and subsequently, the distribution 
of this receptor in the human brain was mapped.9 Today, it is 
generally accepted that cannabis acts on specific cannabinoid 
receptors in the brain. (Interestingly, the opioids also act 
through specific receptors.) The cannabis receptors sit on the 
cell membranes of the nerve cells. In humans, the highest den­
sities of receptors were found in the basal ganglia and the mol­
ecular layer of the cerebellum, which is consistent with 
cannabinoids' interference with movement. Dense binding 
was also found in parts of the hippocampus, and the dentate 
gyrus and layers I and VI of the cortex. The latter is consistent 
with the findings of investigators, over the years, that the pri-

Figure 1 
THE ARCHITECTURE OF THE BRAIN 

Sketched in (a) are the positions of different parts of the brain: (1) The cerebellum; (2) the cerebrum; (3) the two frontal 
lobes; (4) a motor area, which helps control voluntary movement; (5) Broca's area, which is related to speech; (6) the pari­
etal lobes; and (7) the primary sensory areas; (8) the occipital lobes; and (9) the temporal lobes. Coating the surface of the 
cerebrum and the cerebellum is a thin layer of tissue called the cortex, which is commonly known as "gray matter." 

The inner brain is sketched in (b): (10) the hypothalamus; (11) the thalamus; and (12) the hippocampus. Cognition is al­
tered by marijuana's impact on the hippocampus. 

Source: National Institute of Neurological Disorders and Stroke 
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Figure 2 
NEURONS AND THEIR COMMUNICATION SYSTEMS 

Neurons (a) have three parts: (13) the cell body, which contains the nucleus, where the molecules that the neuron needs to 
survive and function are manufactured; (14) dendrites, which extend out from the cell body and exchange messages with 
other nerve cells; (15) axons, through which signals pass from the dendrites through the cell body; and (16) an insulating 
sheath for the axon. 

When a signal reaches the end of the axon, it stimulates tiny sacs (17), which release chemicals known as neurotrans­
mitters (18), into the synapse (19). These neurotransmitters cross the synapse and attach to receptors (20) on a neighboring 
cell. 

Source: National Institute ol Neurological Disorders and Stroke 

mary effects of marijuana were on the cognitive faculties. 
In 1990, Lisa Matsuda provided conclusive evidence docu­

menting the damage of marijuana on the cognitive faculties, 
after cloning a gene for the cannabinoid receptor in the rat 
brain which, in collaboration with M. Herkenham, was found 
to be 97 percent identical with the human receptor.'0 Interest­
ingly enough, the cannabis receptor was also located in the 
nervous system of lower vertebrates like chickens, and even 
trout, suggesting that the gene must have been present early in 
evolution. The conservation of this gene implies that the recep­
tor serves an important biological function in the body. Later, 
another receptor was found, in the spleen, and still a third was 
found in the uterus." 

Naturally, the rodent brain, or that of any animal, for that 
matter, cannot be compared to the human brain. But there are 
many effects, such as the impact of cannabis on movement, 
that are easier to evaluate with animals, because it is possible 
to maintain tight control over laboratory conditions, doses, and 
animal history. Investigators then project these results onto hu­
mans, making enormous qualitative allowances for the species 
differentiation of the brain. 

In 1992, another crucial discovery was made. William De-
vane and Raphael Mechoulam, working at Hebrew Univer­
sity in Israel, pinpointed a naturally occurring brain mole­
cule, anandamide, that binds to the cannabis receptor and 
creates a "high" similar to that of marijuana. Anandamide is a 

compound derived from fatty-acid, which possesses pharma­
cological properties similar to those of delta-9-THC. This 
would indicate that smoked marijuana operates through a 
specific biochemical system that already exists in the body. If 
receptors for exogenously supplied substances exist, then 
there must also exist corresponding chemically related sub­
stances, which occur naturally in the body, and are very sim­
ilar.'2 The anandamide is found particularly in the hippocam­
pus, the thalamus, and in the cortex structures of the brain. 

Although these two discoveries contribute to our knowledge 
of how cannabinoid action works in the body, they also raise 
some puzzling new questions. For example, in laboratory rats, 
anandamide was shown nor to have the same strength of effect 
on spatial memory in rats as did delta-9-THC. Does this mean 
that the naturally produced cannabis, the anandamide, is dif­
ferent from smoked cannabis? And if so, why? What, then, is 
the purpose of anandamide? Under what conditions is anan­
damide released? Scientists are now trying to figure out the ac­
tual function of this system.'3 Surely it does not exist in the 
body so that humans could smoke marijuana. 

Short-term Memory Damage 
In a useful review of the scientific literature, conducted in 

1983 by Miller and Branconnier, they found that the most con­
sistently reported cognitive deficits from chronic marijuana 
smoking were memory deficits.'4 Scientists today consistently 
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