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Introduction

When I was asked to take charge of the Health Education Programme in my school about 
20 years ago, I had limited knowledge of drugs and the damage they can do. Since 
cannabis was then, and still is, the most frequently used illegal drug I decided to find out 
as much as possible about it. 

What I discovered all that time ago, shocked me, and ever since I have been trying to 
publicise the damage that this drug can do to the brains and bodies of its users. 

Cannabis use has risen inexorably since 1981 when British Crime Survey data was first 
published. 1.75 million adults in Britain are estimated to have used cannabis in the last 
month. More worrying though is the 12% of 11 to 15 year olds who took it in the year 
2004-2005, the year following down-classification. This was up by 1% (thousands more 
children) from the previous year. 

Apart from the devastating consequences that mental illness brings to users and their 
families, many other harmful effects have been recorded. Various cancers, heart attacks 
and strokes, disruption to the reproductive processes, deficiencies in children born to 
cannabis-using mothers and impaired immune systems are all part of the sorry saga. 

But what most concerned me as a teacher was the ruin of the careers of some of my 
pupils. Few children using cannabis even occasionally will achieve their full potential. 
Because the drug persists in the cell membranes literally for weeks, the functioning of the 
brain is permanently impaired even on one joint a month.

For all these reasons I have collected data on cannabis from many different sources and 
on many different aspects, including driving, the gateway theory and possible use in 
medicine. Well over 400 papers are referenced. There are many more. I hope this book 
will be useful to anyone, and especially those dealing with young children. The younger a 
child is when use starts, the more likely he or she is to develop a mental illness, become 
addicted or move on to other drugs. It is our duty as adults to protect them. They are our 
future. 

Mary Brett
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Foreword I

The very word cannabis arouses opinions and emotions. There are few substances which 
are surrounded by more controversy, and which have at the same time such important and 
potentially far-reaching public health implications.  Most of the evidence concerning 
cannabis and different aspects of health is clear, but not definitive, as it takes time to 
accumulate the detail that makes it apparent to everyone what are the likely outcomes of 
using a particular substance. In other words, we know what is likely to happen, but it is a 
question of “watch this space”, before we know how it will affect society. For example, 
the excess mortality and healthcare costs associated with the use of tobacco and alcohol 
are well known, while those for cannabis remain largely unknown. Eventually there will 
be robust estimates which will aid healthcare workers and political decision-making, but 
for the moment we have to wait. This is especially true of cannabis because the baseline 
is difficult to establish – prevalence rates are changing, and so is the strength of the 
plant’s active ingredients. At the same time, this lack of definitive evidence concerning 
the population is certainly not to be taken as a lack of evidence of harm for individuals.

Mary Brett has done us all a great favour by putting together a large amount of data 
concerning cannabis, and anyone who is teaching, researching, learning or just plain 
curious will find here a wealth of detail covering the different kinds of damage that 
cannabis is capable of causing. Because she has been following up the subject for several 
years, she has been able to put together a wealth of detail as it has evolved, which can 
only serve to be a great benefit to anyone who is interested in or concerned about the 
health implications of cannabis.

Professor John Henry
Clinical Toxicologist
St Mary’s Hospital, Paddington, London.
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Foreword II

The present renewed interest in cannabis is so great that anyone seeking to be well 
informed is likely to be overwhelmed by the burgeoning literature on the subject. 
Scarcely a week passes without a new publication on cannabis and cannabinoids and a 
new "revelation" in the media. Mary Brett is to be congratulated on providing an 
unbiased and comprehensive survey which encompasses most of the present knowledge 
of the harmful effects of cannabis and the issues that arise in education because of its 
widespread use, particularly in the young. She gives a clear, balanced and well referenced 
presentation of the published evidence, ranging from the effects of cannabis on cognitive 
function and educational performance, mental and physical health, to its effects on 
driving and its possible "gateway effect" into other recreational drugs. Writing from the 
perspective of a school science teacher, she contributes a well-argued chapter about drug 
education in UK schools which cogently refutes current "harm-reduction" approaches. 
This readable survey will be of value to all those interested in cannabis including users 
themselves and their parents, teachers, general practitioners and academics in search of a 
digest of recent references. The facts are presented in a form that is accessible both to 
specialists and to the general public.

Professor Heather Ashton
Honorary Consultant in Clinical Psychopharmacology 
Newcastle University
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Quotes:

Professor Neil McKeganey: “I have found it to be a very useful summary of the evidence”.

Professor Eric Voth: “This paper is excellent and valid, It is an excellent addition to understanding of 
the marijuana problem”.

Professor Heather Ashton: “I use it as a reference all the time”. 

Grainne Kenny: “This is a very valuable paper and a must-read for anyone involved in drug policy. 
Mary Brett’s documentation on scientific research into cannabis is much sought after throughout 
Europe. It is an ideal explanation and support for all of us who care about the future of our young 
people. The United Nations Convention (article 33) on the Rights of Children clearly states that, ‘We 
must Protect all Children from the use of and involvement with Narcotic Drugs’. Cannabis is a 
narcotic drug. We cannot afford to ignore her findings”. 

Dr Hans Koppel: “This is a very valuable scientific-based paper, a good introduction and overview 
on cannabis and the consequences of its use. Cannabis is a narcotic drug in the sense of a 
psychoactive harmful substance with severe consequences to the brain function. This document is a 
very important help and enrichment for the difficult controversy on the cannabis problem. 
Congratulations!!”

Dr Ian Oliver: “A thoroughly accurate and well researched document which demonstrates beyond 
any argument to the contrary that cannabis is a dangerous drug”.

Dr Michelle Tempest: “I work on the front line and deal with all A and E admissions. This covers all 
psychiatric illness (ages 17 - 65) and will often include patients who have been abusing drugs, 
frequently cannabis which can exacerbate mental illness. I am often the one on the front line having 
to explain to parents and children about the dangers and consequences of cannabis use”.

Debra Bell: “Mary’s work on cannabis is an invaluable tool for anyone who wishes to educate 
themselves on the dangers of cannabis, especially on the young. I have recommended it to all 
concerned parents and carers who have contacted our organisation as being the most up to date and 
informative document you can find today. Mary Brett is quite simply a phenomenon”.  

Dawn Lowe-Watson: “I am not a scientist and don't know whether it is possible or relevant for me 
as a parent to endorse Mary Brett's brave and brilliant work on the dangers of cannabis. I lost my 
eldest son to drugs. He died of heroin in 2000 and some of his last words to me were - "Don't
ever smoke pot, mother dear!" This gifted man had been mentally ill for most of his adult life and 
locked in a secure ward for four of those. I said it was hardly likely. He always told me how the pot 
had made him paranoid and the pain turned him to heroin, cocaine and everything that eventually
destroyed him”.

Dennis Wrigley: “I strongly endorse this excellent survey and pay tribute to the great work of Mary 
Brett to help our young people whose lives are threatened by the scourge of cannabis. 
Mary Brett is admired throughout the country for the accuracy of her scholarship as well as her 
compassion for those in need”. 
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Cannabis: Introduction and General Facts

Cannabis sativa grows well in tropical and temperate climates. Marijuana consists of the dried plant parts, 
Hashish is the resin secreted by glandular hairs all over the plant mainly round the flowers, protecting the 
plant from water loss. Sinsemilla is the dried material from the tops of the female plants. Hashish oil (up to 
60% THC), is obtained by extraction but rarely used in the UK. 

Cannabis contains some 400 chemical substances. These vary with the habitat and are often contaminated 
with microbes, fungi or pesticides (Jenike 1993, BMA 1997). More than 60 cannabinoids, substances 
unique to the plant have been identified. The most psychoactive of these and the main cause of many of the 
other harmful pharmacological effects is THC (delta-9-tetrahydrocannabinol) (Ranstrom 2003). Other 
natural cannabinoids are delta-8-THC, cannabinol and cannabidiol (BMA 1998).

Brain signals pass along nerve cells in the form of electrical impulses, and chemicals called 
neurotransmitters carry the messages between cells. These dozens of neurotransmitters are released at the 
end of one neuron (nerve cell) and fit into receptor sites by shape on the next cell. Transmission of nerve 
signals takes a fraction of a second. The psychoactive THC mimics a neurotransmitter called anandamide 
and so affects its receptor sites (Devane et al, 1992). 

Two types of receptor site have been identified, CB1 receptors are distributed in the brain in the areas 
concerned with motor activity and control of posture (cerebellum and basal ganglia), emotion (amygdala 
and hippocampus), memory, cognition, the “high”, distortion of the sense of time, sound, colour and taste, 
the alteration of the ability to concentrate and the production of a dreamlike state (cerebral cortex and 
hippocampus), sensory perception (thalamus), mood in general and sleep. No CB1 receptors are present in 
the brain stem so the drug does not affect basal bodily functions like respiration. This explains the lack of 
deaths by overdosing with cannabis (Harkenham et al, 1991, 1992, BMA 1997). CB2 receptors were 
discovered in 1994 by Lynn and Harkenham. They were outside the brain on specific components of the 
immune system. Binding of cannabinoids was also seen in the heart, lungs, endocrine and reproductive 
systems, so all these systems are affected.

Cannabinoids are absorbed rapidly into the body after inhalation from smoked cannabis preparations. The 
effects become noticeable in a matter of minutes. They are then rapidly distributed all over the body and 
maximum brain concentrations are reached within 15 minutes. The psychological effects can last for 2 to 4 
hours then slowly decline over the next 12 hours. When taken orally, THC absorption is much slower and 
more variable and the onset of its effects are delayed by 30 minutes to 2 hours. The duration of its effects 
are prolonged, 5 to 6 hours due to continued absorption from the gut and some cognitive and motor skills 
are impaired for much longer e.g. driving. (Huestis et al 1992, BMA 1997). Cannabis can cross the 
placenta, enter the circulation of the foetus and pass into breast milk.

Cannabinoids are highly lipid-soluble and so rapidly accumulate in the fatty tissues, being slowly released 
back into other body tissues and organs including the brain and bloodstream. Elimination of a single dose 
can take 30 days, unlike water-soluble alcohol which is removed at the rate of one unit per hour, and 
appears in the faeces and urine. Repeated doses will therefore accumulate in the body and affect the brain 
over long periods of time (BMA 1997). Cannabis is a multi-faceted drug. The inhibitory effects of THC on 
the release of a variety of neurotransmitters in the central nervous system has also been observed in several 
studies (Schliker and Kathmann, 2001, Katona et al 2000). Blood levels of THC drop rapidly after smoking 
due to its conversion into metabolites and sequestration into fatty tissues (Grotenhermen 2003).

Since 1971 when drugs were classified and cannabis was consigned to class B, the amount of THC in the 
plant in some varieties of Cannabis sativa has changed considerably. At that time the content of THC in 
marijuana was around 0.5 – 3% (Ranstrom 2003). Smokers in the late 80s and 90s had access to sensemilla 
(7 to 11% THC, Schwartz 1991). Hashish has consistently had a THC content of 4 to 5%. However, 
selective breeding of the plant, especially in Holland, has produced varieties such as Netherweed and 
Skunk with THC contents up to and over 20% (Jenike, 1993, BMA 1998).These stronger types, now 
commonly grown in the UK are favoured by today’s users, the lower levels being much less common 
(Ranstrom 2003). An article in The Guardian on 29th August 2006 reported that “Analysis of recent home-
grown hauls detected THC levels as high as 20%, nearly 7 times higher than samples of imported resin, 
which used to be the predominant form of the drug on the streets, and typically contained around 3% THC” 
Detective Inspector Neil Hutchison said, “A decade ago 11% of the cannabis sold on the street was grown 
in the UK. Now more than 60% is produced in Britain …”. The Forensic Science Service, Drugs 
Intelligence Unit confirmed this figure (10/10/06) and said that between 30 and 40% of the rest is imported 



9

resin, some imported herbal cannabis is still seen as well. At a  meeting of the Science and Technology 
Committee of the House of Commons on 22nd November 2006, Dr Brian Iddon MP said that 70% of the 
cannabis in the UK is home grown and is skunk. The discovery of a new high-potency hybrid known as 
“Colombian” in December 2006 in Mexico has sent alarm bells ringing. It can be planted at any time of 
year and matures in 2 months. Worse than that, it cannot be killed by pesticides. A plot the size of a football 
field yields as much as was formerly grown on a 10 to 12 acre plot (Associated Press, Mark Stevenson 
20/12/06).

On 25th April 2007, the ONDCP (Office National Drug Control Policy) and NIDA (National Institute on 
Drug Abuse) issued the latest analysis from the University of Mississippi’s Potency Monitoring Project that 
the highest ever levels of THC had been found since analysis began in the late 1970s. The average amount 
of THC in seized samples is 8.5%, up from 7% in 2003, in 1983 the average was under 4%. More than 60% 
of teens receiving treatment for drug abuse or dependence report marijuana as their primary drug of abuse. 
In 2005 the number of marijuana-related hospital emergency room admissions was 242,200 up from 
215,000 in 2004. The highest concentration found in a sample was 32.3%. Roughly 60% of first-time 
marijuana users are under 18 in the USA.

Moir et al reported that cannabis smoke not only contains about 50 substances that can cause cancer but 
also 20 times more ammonia (linked to cancer) than tobacco smoke. Hydrogen cyanide (linked to heart 
disease), nitrogen oxides  (linked to lung damage) and certain aromatic amines were at levels 3 to 5 times 
more. 

It should be mentioned that cannabis research is still very young. In 1996 the total number of scientific 
papers did not exceed 10,000 and today probably stands between 14 and 15,000. This is in contrast to 
research on tobacco with about 140,000 studies to date (Ranstrom 2003). The total collection of scientific 
papers on cannabis is held in the library of The University of Mississippi.

A new type of cannabis product was reported by Drug Watch International on 25th February 2008. It is 
called “Budder”. It is reported as being the purest cannabis product available at anywhere between 82 and 
99.6% pure THC/CBD/CBN. One hit is equalled to 1 to 2 full cannabis joints and the “high” to be clearer 
and more long-lasting than average marijuana. Inhalation is the method of choice. A miniscule amount 
(head of pin) is applied to heated metal and inhaled. Major effects usually subside in 3 to 4 hours, others up 
to 8 hours. Hallucinations, paranoia, disconnection and hunger can all be felt. It is extremely mpotent and 
its effects can be delayed, leading some users to ‘over consume’ and be overwhelmed. It is made by 
whipping in air and freezing isomerized hash oil. The delta –9-THC is converted to delta-6-THC so 
normally inactive cannabinoids are activated. 

A paper in 2005 by Pijlman and others found a considerable increase in the levels of THC in cannabis sold 
in Dutch coffeee shops. In 2004, the average level of THC in home grown Dutch marijuana (Nederwiet) 
was 20.4%, significantly higher than that of imported marijuana at 7%. Dutch hashish (Nederhasi) 
contained 39.3% THC in 2004 compared with 18.2% in imported hashish. The average percentage of THC 
in Dutch marijuana, Dutch hashish and imported hashish had almost doubled since 1999. It had remained 
consistent in imported marijuana.   

In 1981, the WHO Report on Cannabis Use said, “It is instructive to make comparisons with the study of 
effects of other drugs, such as tobacco or alcohol. With these drugs, “risk factors” have been freely 
identified, although full causality has not yet been established. Nevertheless such risk factors deserve and 
receive serious attention with respect to the latter drugs. It is puzzling that the same reasoning is often not 
applied to cannabis”. ….. “To provide rigid proof of causality in such investigations is logically and 
theoretically impossible , and to demand it is unreasonable”.
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Cannabis and the Cardiovascular system

Comparatively little research has been done in this area, but there are sufficient published scientific papers 
to raise concern.

At first the intoxication produced by cannabis causes an increase in heart rate of between 20 and 50% 
(Huber et al 1988, Jones 1984). A rise in blood pressure occurs if the person is sitting or lying, but on 
standing up the pressure drops, in some cases causing the person to faint (Maykut 1984). A new and naive 
smoker may be concerned about these effects (Sidney 2002), but someone with a healthy heart is not 
thought to be at risk. 

Cannabis affects the cardiovascular system in other ways as well. THC increases the production of 
chemicals called catecholamines which stimulate the heart, it also has analgesic properties which may 
lessen any chest pain and delay the seeking of treatment and the level of carboxyhaemoglobin is raised, 
decreasing the supply of oxygen to the heart, placing it under greater strain (Jones 1982 and 1984).

Older field studies involving chronic cannabis users in Costa Rica (Carter et al 1980), Greece (Stefanis et al 
1977) and Jamaica (Rubin and Comitas 1975), found no evidence of cardiac toxicity even in subjects with 
existing heart disease. And electrocardiographic studies in both acute and prolonged administration have 
rarely revealed pathological changes (Benowitz and Jones1975, Jones 1984). So again it was concluded that 
young healthy adults using cannabis intermittently ran no major risk of a life-threatening cardiovascular 
event as may occur with a drug like cocaine. (Gawin, Ellinwood 1988).

However tolerance quickly develops to the acute cardiovascular effects of cannabis (Benowitz and Jones 
1975, Jones and Benowitz 1976, Nowlan and Cohen 1977). And Jones (1984) showed that in people 
receiving daily high doses by mouth, tolerance develops in 7 to 10 days. This could possibly help to explain 
why toxic effects are sometimes not seen. 

More recently though, there have been a number of papers documenting myocardial infarction and angina 
pectoris among young people using cannabis.  

Podczeck and others 1990 reported 2 cases of myocardial infarction in very young healthy people and Choi 
and Perl 1989 and Perl and Choi 1992 found the same in young men, heavy users, with no history of heart 
disease. In 2000 Kosior and others wrote about 2 cases of cardiac arrhythmia (one of atrial fibrillation and 
one of recurrent paroxysmal tachycardia) in youngsters. Jones in 2002 reported transient ischaemic attacks 
and strokes in young and older people as well as deaths in young people from myocardial infarction.

Three teenagers, 15,16 and 17, who “binge smoked” cannabis suffered strokes, two died and one was left 
paralysed. In the two who died the stroke appeared to have been triggered by a clot in the brain or a 
constriction of the blood vessels over a wide area (Geller et al 2004). Professor John Henry of Imperial 
College said it was very disturbing, “I have seen cases of stroke due to cannabis use but fortunately none of 
my patients have died. One woman had all the signs of a stroke with paralysis down one side but 
fortunately recovered after several days”. 

A 36 year-old man suffered strokes on three separate occasions, at almost yearly intervals, shortly after 
smoking a large amount of cannabis. He had been an occasional cannabis user, did not use other drugs and 
drank only occasionally. He had no known risk factors for stroke and no narrowing or hardening of the 
arteries which may lead to strokes or heart attacks. Mateo et al in 2005 said, “…even if the side effect is 
rare, it is a serious one” 

An item in The Crawley News (Trinity Mirror PLC) on 12/07/06 reported that a 23-year-old sales manager 
had collapsed and died from a brain haemorrhage. He was a fit, healthy man with no hardening of the brain 
arteries but had a history of cannabis abuse and had been complaining of headaches for some time. At the 
inquest, Dr Colin Hunter-Craig said, “ He died of a brain haemorrhage due to cannabis abuse…This is 
incredibly rare in young people, but in old people we would recognise this as a stroke”. 

Research in 2001 by Herning et al using Transcranial Doppler Sonography (Sound waves to measure 
cerebral artery blood flow resistance) found that prolonged marijuana use in 18 to 30 year olds increased 
the resistance in these arteries so restricting blood flow to the brain. 16 long-term male users were 
compared with 19 non-users. The deficit persisted for 4 weeks after abstinence. They compared the results 
to that of the brain of a 60 year old. Advancing age increases the chance of a stroke.
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Mittleman and others in 2001 interviewed 3882 patients with heart attacks. He concluded that the risk of 
onset of myocardial infarction rose by almost 5 times in the hour following the smoking of a joint. 

In January 2004 an article in Neurologist by Moussouttas reviewed all reported cases of presumed cannabis 
related cerebral ischemic events in the medical literature, as well as pertinent human and animal 
experimental studies on the cardiovascular and cerebrovascular effects of cannabis. His conclusion was 
“Cannabis use seems to have been causally related to several instances of cerebral ischemia and infarction. 
Proposed etiologic mechanisms have included cerebral vasospasm, cardio-embolization and systematic 
hypotension with impaired cerebral auto-regulation, but most of the available data points to a vaso-spastic 
process. The exact relation to cerebro-vascular disease remains to be determined”.

We still do not know the long term effects of exposure to cannabis smoke on the cardiovascular system 
over several years but our experiences with the problems of tobacco smoke should make us very cautious. 
Jones (1984) suggested that, “after years of repeated exposure, there may be lasting, perhaps even 
permanent alterations of the cardiovascular system function”. He says, “ There are enough similarities 
between THC and nicotine’s cardiovascular effects to make the possibility plausible”.

One paper in 2004 involving a study on genetically modified mice found that THC helped prevent 
atherosclerosis, a “furring up” of the arteries caused by plaques of protein and other material. The study 
was headed by Francois Mach a cardiologist, and published in Nature. He warned that smoking cannabis 
would not be the answer as oxygen levels are reduced and THC increases the heart rate and interferes with 
blood pressure as previously described.  He called for THC (already available as a medicine, Nabilone ) or 
other cannabinoid derivates to be investigated for this role. This is in line with all licensed medicines that 
must be pure single chemicals and subjected to standard clinical testing. This request was repeated in 
another paper by Mach and Steffens in January 2006.

In 2005 a letter to the editor of The International Journal of Cardiology was sent by Lindsay et al.  It 
described 2 distinct cases giving cause for concern. In the first, “cannabis use precipitated a malignant 
arrhythmia in a patient with critical ischaemia from long-standing coronary artery disease. In the second, a 
young patient presented with an acute myocardial infarction that had started while smoking marijuana; 
subsequently diffuse coronary artery disease was found at angiography despite the patient’s low risk factor 
status”. 

A case of paroxysmal artrial fibrillation (AF), a common condition usually triggered by alcohol use, 
was documented when a young female 22 year old presented herself. She had normal echocardiography 
but was a regular daily (1-2 joints) cannabis smoker.  The author, Charbonney in 2005, warned that 
marijuana was a unusual trigger but should be checked for in young people after alcohol consumption had 
been ruled out. .   

The Irish Examiner on 3rd May 2007 reported the sudden death of a 21 year-old fit young father. Tiny 
traces of cannabis were found in his system. Assistant state pathologist, Dr Margaret Bolster said David 
Kelly died because the rhythmical electrical pulse in his heart misfired, causing it to stop. She pointed to a 
growing body of medical evidence which shows links between the triggering of similar heart conditions 
and the use of drugs like cannabis and cocaine. The individual may have had an underlying genetic cardiac 
problem, this happens in almost a quarter of such cases.

A study in February 2008 on atrial fibrillation and marijuana smoking by Korantzopoulos et al links atrial 
fibrillation with marijuana smoking. Only healthy young male smokers took part and it was found that 
“Compelling evidence is accumulating that cannabis has significant haemodynamic (change in blood 
pressure) and electrophysiological (tachycardia and atrial fibrillation) effects on the cardiovascular system”. 
The authors concluded that atrial fibrillation should be included in the cardiovascular complications of 
marijuana smoking. Its incidence in the general population is probably underestimated. 

A 2008 paper by Mukamal et al found that marijuana use was associated with a 3-fold greater mortality 
after acute myocardial infarction. This suggests there may be particular risks for people with established 
cardiovascular disease. 

A possible connection between marijuana abuse and stokes or heart attacks was found in a paper in 2008 
(May) by Jayanthi and others. Abnormalities in proteins caused by heavy marijuana use were investigated. 
A protein, apoC -111 ( apolipoprotein C-111) showed significant increases in marijuana users. This is 
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associated with increases in triglycerides. Thgis may be one reason why some marijuana users have an 
increased risk of stroke and heart attack.  
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Cannabis and its Effects on the Immune System

Since crude cannabis often contains various species of pathogenic fungi and bacteria it is important to 
establish the effects of cannabis smoking on the immune system.

The immune system exhibits a complex array of responses. Innate responses involve macrophages, 
important in engulfing and destroying foreign matter and natural killer cells, morphologically like 
lymphocytes, they bind to target cells and insert destructive granules into them.

Acquired immunity consists of lymphocytes.
B cells are responsible for the production of antibodies in “humoral immunity”. T cells carry out “cell-
mediated immunity”. Activated T-lymphocytes act as cytotoxic cells and/or release substances which 
activate monocytes (the forerunners of macrophages) and macrophages.

Early research into the immune system was documented in the 1981/82 WHO Report into the adverse 
effects of cannabis. 

Experimental animals consistently produced evidence that THC or marijuana administered parenterally or 
by inhalation resulted in immunological defects in mice and rats, rats being the more sensitive (Munson and 
Fehr 1982). These defects included decreased antibody responses and reduced lymphocyte proliferation. 
The cell-mediated immune suppression in mice was measured by a reduced response to bacteria, skin grafts 
and foreign cells, it also decreased lymphocyte proliferation. These results were obtained by THC doses 
which produced very little behaviour effects in the mice. However Smith and others in 1978 suggested that 
cannabinoids other than THC may contribute to the immuno-suppressive effects. Rosenkrantz in 1976, 
experimenting on rats found that THC significantly inhibits humoral (related to the production of 
antibodies) and cell-mediated (dependent on the presence of activated T-lymphocytes) immunity in the 
immune response of rats in a dose-related manner. A similar response was obtained by marijuana smoke 
from an automatic inhaler (controlled by THC-absent smoke). Doses equivalent to human consumption 
were used.

At that time Munson and Fehr found the evidence as to whether THC or marijuana can perturb monocyte 
or macrophage function to be mixed. It appeared that the effects were more pronounced if the cannabinoids 
were given in the early phase of antibody production (Luthra et al 1980) and were even more pronounced in 
young animals (Pruess and Lefkowitz 1978). Also up till 1981/82 there was no definite proof of immune 
dysfunction in human users of cannabis. Evidence was very contradictory (Munson and Fehr 1982). They 
had looked at the numbers and functions of T and B-lymphocytes and macrophages. Serum 
immunoglobulin levels had also been investigated.  

One study reported that the phagocytic ability of polymorphonuclear white blood cells was impaired 
(Petersen et al 1975) and another that there were biochemical and ultrastructural changes in the white blood 
cells of chronic hashish users (Stefanis and Issidorides 1976, Issidorides 1979).

Another approach to investigating a possible impairment of the immune system is to test the resistance of 
living organisms to infection. Cannabis-treated mice have shown a decreased resistance to infection by 
Listeria monocytogenes and Herpes simplex (Morahan and others 1979). In humans with dormant genital 
herpes, infections have been reactivated shortly after cannabis use (Juel-Jensen 1972). Other drugs which 
suppress the immune responses in mice also do the same in humans (WHO 1982). 

A publication from the National Academy of Sciences, Institute of Medicine 1999, Marijuana and
Medicine: Assessing the Science Base, gave an explanation of the problems encountered by human study 
researchers. 

Blood leucocytes (white blood cells), isolated from people who have been smoking marijuana, used to 
evaluate the immune response in vitro almost always failed as the process involved high speed 
centrifugation and washing. This removed the cannabinoids (Kaklamani et al 1978, Lau et al 1976, 
Rachelefsky et al 1976 and White et al 1975).

Blood leucocytes from non-users can be used to test the effect of THC on their ability to proliferate in 
response to stimulation in vitro. The problem here is that marijuana smoke consists of many distinct
cannabinoids, not just THC. At least one of the others, CBN  (cannabinol) has greater activity on the 
immune system than on the CNS (Central Nervous System) (Herring and others 1998).
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Another approach is to study human-derived cell lines. These lines can be treated with cannabis in vitro to 
test the responses to various stimuli. However subsequent cells may not be the same as the original one, eg 
not have the same number of cannabis receptors. 

The late eighties saw a resurgence in research on cannabis and the immune system, probably prompted by 
the spread of AIDS. 

RH Schwartz in an article in The Journal of Hospital and Community Psychiatry 1987 wrote that marijuana 
use is a factor in preparing the ground for HIV infection. 

In 1988 Hamadeh and his associates warned that “Invasive Aspergillus (a fungus) has become a significant 
cause of death in immuno-suppressed patients. Physicians should be aware of this potentially lethal 
complication of marijuana use in compromised hosts such as patients with AIDS or malignancies”. Serious 
invasive fungal infections as a result of cannabis contamination have been reported among 
immunocompromised individuals including some with AIDS (Denning et al 1991). 

In the same year, 1988, Tindall and others said that HIV positive marijuana smokers have an increased 
incidence of bacterial pneumonia compared to non-marijuana smokers, and added that marijuana smoking 
increases the progression to full-blown AIDS in HIV positive persons. 

The fact that genital warts do not respond to systemic recombinant interferon alfa-2 treatment during 
cannabis consumption was discovered by Gross and others in 1991, and in 1994, Caiaffa and colleagues 
confirmed Tindall’s findings that marijuana smoking increases the incidence of bacterial pneumonias in 
AIDS patients. 

A more recent study discovered that THC suppresses the immune function and enhances HIV replication in 
the hu PBL-SCID mouse. Exposure to THC in vivo can suppress the immune function, increase HIV co-
receptor expression and act as a co-factor to significantly enhance HIV replication (Roth et al 2005).

Some hospital patients who had smoked 12 marijuana cigarettes a day for 4 days were found to have 
decreased antibody production in one type (IgG), Two other types of antibody were normal (IgA and IgM), 
and IgE was actually elevated (Nahas et al 1991). 

Human mononuclear phagocyte cultures were treated with THC in vitro. There was a suppression of 
phagocyte function and also the spreading ability of macrophages. A metabolite of THC, 11-OH-THC, was 
found to reduce natural killer cell activity (Specter and Lantz 1991).

Cabral and others in 1991 carried out some experiments on rhesus monkeys. They subjected them to 
marijuana smoke in various groups for over a year then gave them a 7-month rest period. “High-dose” 
animals were given one marijuana cigarette a day, “low-dose” ones 1 marijuana cigarette for two 
consecutive days at weekends. Both groups had altered morphology of alveolar macrophages and protein 
expression. The cell surfaces were irregular and there was increased vacuolarization. Hosts thus affected 
could be at increased risk of infection.

THC is able to interfere with the functioning of white blood cells taken from humans. Both neutrophils 
which fight bacterial infection and mononuclear cells of the immune system which fight viruses were 
suppressed by various concentrations of THC (Djeu et al, Watzl et al, 1991).

In 1992 Cabral and Vasquez discovered that THC inhibited extrinsic but not intrinsic anti-herpes activity in 
a dose-dependent manner. This means that THC had no effect on the capacity of macrophage-like cells to 
take up the virus and no replication of the virus occurred inside the macrophage cells. However there was 
an inhibition of the macrophages to suppress viral replication in infected virus-susceptible cells. The action 
was reversible on removal of the drug.

In the same year Kaminski and others found that cannabis receptors CB2 on spleen cells, when activated by 
THC, suppress the system whereby a secondary messenger substance is released in the cells. This results in 
the suppressed system reducing the functioning of the spleen cells involved in the immune response. 
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Laboratory experiments exposing human and rodent cells to THC or other marijuana ingredients resulted 
in the inhibition of the normal disease-preventing reactions of many key types of immune cells (Adams and 
Martin 1996). 

T-cell proliferation was found to be normal in a group of marijuana smokers but when examined more 
closely there was an increase in one sub-set and a decrease in another (Wallace et al 1988, Whitfield et al 
1997). Intermittent disturbances in T and B cell function were found but the magnitude was small and other 
measures were frequently normal (Klein et al 1998). 

Professor Guy Cabral of The Department of Microbiology and Immunology, Virginia Commonwealth 
University, in the last 20 years has written over 50 papers on the subject of marijuana and the immune 
system.

In 1998 Cabral and Pettit wrote a review paper on the subject of cannabis and immunity. “This substance 
(THC) has been shown to be immunosuppressive and to decrease host resistance to bacteria, protozoan and 
viral infections. Macrophages, T-lymphocytes and natural killer cells appear to be major targets of the 
immunosuppressive effects of THC. Definitive data which directly links marijuana use to increased 
susceptibility to infection in humans is currently unavailable, however the fact that current literature reports 
indicate that THC alters resistance to infection in vitro in a variety of experiments on animals supports the 
hypothesis that a similar effect occurs in humans.

Cabral wrote another review of the literature in 1999 in Marijuana and Medicine ( Nahas and Latour eds). 
“Marijuana has been shown to decrease host resistance to bacterial, protozoan and viral infections in 
experimental animal models and in vitro systems. Recent immuno-epidemiological studies suggest that 
marijuana may also influence the outcome of viral infections in humans……Delta-9-THC alters the 
functioning of an array of immune cells including lymphocytes, natural killer cells and macrophages, 
thereby affecting their capacity to exert anti-microbial activities….At sites such as the lung… THC may 
alter cellular membranes because of its highly lipophilic nature…, at sites distal to the lung, THC, at 
relatively low concentrations may exert its suppressive effects on immune cells by interacting with 
cannabinoid receptors CB1 and CB2”. 

A Columbia study in 1999 by Dr James Dobson found a control group smoking a single marijuana cigarette 
every other day for a year had a white blood cell count 39% below the normal. He said, “ Marijuana can 
cause great harm”. 

Apoptosis is the key mechanism programmed by the genetic code which regulates the life and death of a 
cell. It is the “programmed cell death” of all mammalian cells. Apoptosis relates to the destruction of the 
DNA formation by the cell itself. Professor Gabriel Nahas, interviewed for an Italian newspaper, Italy 
Daily Roma in 2000 said the process accounted for the findings more than twenty-five years (1973) before 
of the damaging effects of marijuana and THC on lymphocytes. THC induces apoptosis of the cells. 
Because of the long-term storage of THC in body fat, the “death signals” from the THC remain in the body 
and act on the cells for weeks.

Cultures of immune cells from mice, splenocytes and peritoneal macrophages were treated with THC and 
the DNA fragmentation preceded membrane damage, indicating that THC induced apoptosis rather than 
necrosis (Zhu et al 1998).

Mice exposed to THC or related substances were more likely to develop bacterial infections and tumours 
than unexposed mice (Zhu et al 2000). 

Friedman and his colleagues produced a review paper in 2003. It covered several drugs of abuse and their 
effects on immunomodulation. He said, “Recent studies of the effects of opiates or marijuana on the 
immune system have demonstrated that they are receptor mediated, occurring both directly via specific 
receptors on immune cells and indirectly through similar receptors on cells of the nervous system. 

Another deleterious effect of cannabis on the immune system was found by Tohyama and others in 2006. 
Cannabis can cause some white blood cells to lose the ability to migrate to sites of infection and 
inflammation. The cells seemed to lose their ability to develop a front/rear polarity needed to migrate to 
these sites. 
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The immune system has a part to play in the development of cancer through the activity of alveolar 
macrophages. The following paragraph is also included in my section on cannabis and cancer.

Alveolar macrophages protect the lungs from infection, they also kill tumour cells. Marijuana and tobacco 
smokers produce two or three times as many of these cells as non-smokers. The effects of smoking both 
being additive ( Barbers et al 1987). The macrophages in both tobacco and marijuana smokers were larger 
and had more inclusions, probably due to the ingestion of smoke particles (Beals et al 1989). A more recent 
paper by Baldwin and others in 1997 found significant impairment of the macrophage cells of both tobacco 
and marijuana smokers. These cells have been shown to have cannabis receptors (Bouaboula et al 1993). 
Anti-tumour immunity depends on antigen-presenting dendritic cells being able to stimulate the 
proliferation of T lymphocytes that identify and destroy tumour cells. The in-vitro studies in which 
dendritic cells and T lymphocytes were incubated with or without THC, the THC suppressed the T cell 
proliferation in a dose-dependent manner (Roth et al 1997). Two earlier papers were written on this subject 
in 1975 by Petersen et al and Nahas et al.
DNA alterations have been seen in the lymphocytes of pregnant marijuana smokers and their newborns. 
This study is particularly important as tobacco smokers were excluded (Ammenheuser et al 1998). 
Cannabis smoking also depressed pro-inflammatory cytokine production. Cytokines regulate macrophage 
function so this may account for the impairment of their ability to kill tumour cells (Baldwin et al 1997). 

Low levels of THC inhibited the tumour necrosis factor, thereby weakening the killing activity of 
lymphocytes against tumour cells (Kusher et al 1994).

Zhu and colleagues in 2000 showed that THC suppresses host immune reactivity against lung cancer. In 
two different lung cancer models in mice, intermittent administration of THC led to accelerated growth of 
tumour implants. He said, “Our findings suggest that THC promotes tumour growth by inhibiting anti-
tumour immunity by a CB2 receptor-mediated pathway”. 

Pacifici and others in 2003 found cannabis smokers had fewer natural immune-enhancing killer cells and 
lymphocytes and higher levels of a protein that may promote tumour growth called interleukin-10. These 
changes can dampen the immune system’s responses to infection, increasing susceptibility to infection and 
promoting tumour growth.

“The inability of alveolar macrophages from habitual marijuana smokers without apparent disease to 
destroy fungus, bacteria and tumour cells, and to release pro-inflammatory cytokines, suggests that 
marijuana might be an immunosuppressant with clinically significant effects on host defence. Therefore the 
risks of smoking marijuana should be seriously weighed before recommending its use in any patient with 
pre-existing immune deficits – including AIDS patients, cancer patients, and those receiving 
immunosuppressive therapies (for example, transplant or cancer patients)” (National Academy of Sciences 
Marijuana and Medicine 1999). 

There have been a few papers putting forward the idea that cannabinoids or their metabolites may prove 
useful in the treatment of some cancers. 

The administration of THC and a synthetic cannabinoid agonist into the tumour induced a considerable 
regression of malignant gliomas in rats and in mice. No substantial neurotoxic effect was produced by the 
cannabinoid treatment in the conditions employed. 
Two glioma cell lines in culture demonstrated that the cannabinoids signalled apoptosis in the cells. It was 
suggested that these results may provide the basis for a new therapeutic approach for the treatment of 
malignant gliomas (Galve-Roperph et al 2000).

A metabolite of THC is 11-COOH-THC, and ajulemic acid (AJA) is a synthetic analogue of it. In cell 
cultures AJA proved to be approximately one half as potent as THC in inhibiting tumour growth against a 
variety of tumour cell lines. However its effects lasted longer. The conclusion was that AJA produced 
significant anti-tumour activity and effected its actions primarily through CB2 receptors (Recht et al 2001). 

Casanova and colleagues in 2001 showed that both CB1 and CB2 receptors are present in hair follicles and 
skin. The synthetic cannabinoid WIN55, 212-2 induced a decrease in the viability of several mouse skin 
cancer cell lines, non-cancer lines being unaffected. This occurred through the process of apoptosis. CB1 
and CB2 receptors were involved.
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Providing that purified single extracts of cannabinoids or synthetic equivalents are subjected to the 
rigorous clinical testing required by law, there should be no objection to these proposals. Crude cannabis is 
not a  candidate for medical use.

Zhang et al in 2007 produced a paper showing that “the use of cannabinoids may place individuals at 
greater risk of the development and progression of Kaposi’s sarcoma. The herpesvirus associated with the 
development of Kaposi’s sarcoma, KSHV, is needed but insufficient for its development. Marijuana was 
investigated for its effect on this disease. “Our results indicate that delta 9 THC can enhance KSHV 
infection and replication and foster KSHV-mediated endothelium transformation. Thus, use of 
cannabinoids may place individuals at greater risk for the development and progression of Kaposi’s 
sarcoma”. 

Cannabis has been shown to modulate mitochondrial function and induce cell death in a paper in 2007 by 
Athanasiou and others. Time-lapse microscopy of human lung cancer (H460) cells showed that anandamide 
(AEA), THC and a synthetic cannabinoid (HU210) all caused morphological changes characteristic of 
apoptosis. All 3 ligands caused significant decreases in oxygen consumption and mitochondrial membrane 
potential in rat heart mitochondria. THC and HU210 significantly increased the production of hydrogen 
peroxide, AEA had no significant effect. Further evidence was obtainedof the damaging effects on 
mitochondria (the structures in cells which produce energy). 

A paper by Chao et al in 2008 found that recreational drug use does not adversely affect CD4 cell counts. 
They wrote, “We did not find any clinically meaningful associations, adverse or otherwise, between use of 
marijuana, cocaine, poppers, or amphetamines and T-cell counts and percentages in either HIV-uninfected 
or HIV-infected men”.  However in their conclusion they added, “although the circulating numbers of CD4 
and CD8 T cells do not appear to be significamntly affectedby use of these substances, these findings do 
not preclude the possibility that substance use may adversely affect the functional properties of T cells”. 

Ishida and others in January 2008 found that chronic marijuana use may increase fibrosis for Hepatitis C 
patients. Between 2001 and 2004, 204 patients with hepatitis C were interviewed for risk factors associated 
with HCV and use of alcohol and cannabis. Virologic testing and liver biopsies were carried out. Current 
daily cannabis use increased the odds of moderate to severe fibrosis by nearly 7-fold. This study confirms 
an earlier French one of 2004 which came to the same conclusion of an increase in fibrosis in daily users.

A paper in February 2008 (Thomson et al) found that cannabis smoking may be a risk factor for periodontal 
disease, independent of tobacco use. The Dunedin NZ Longitudinal Study supplied the data fror this 
research. Three groups were determined, no exposure to cannabis, 293(32.3%), some exposure, 428(47.4%) 
and high exposure, 182(20.2%) .The incidence of Combined Attachment Loss (CAL), between 26 and 32 
years of age, in the none group was 6.5%, s ome exposure 11.2% and high exposure 23.6%. After 
conrolling for tobacco use, sex, irregular use of dental services and dental plaque, the relative risk estimates 
of the highest group were 1.6 for having 1 or more sites with 4mm or greater with CAL, 3.1 for having 1 or 
more sites with 5mm or greater CAL and 2.2 for having CAL compared with the “none” group.
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