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s u m m a r y

Cannabis use has often been associated with various forms of psychosis. Today it is well established that
everyone produces marijuana-like compounds known as endocannabinoids. The endocannabinoid sys-
tem is a homeostatic regulator of all body systems including the nervous system. As a result, imbalances
in the endocannabinoid system have been considered as possible causes of various forms of mental ill-
ness and abnormal behavior. In this paper, a novel hypothesis is presented that suggests that an as yet
undefined subset of schizophrenia is caused by an excess of endocannabinoids that are produced to pro-
tect the brain in response to infections by agents such as Toxoplasma gondii.

� 2008 Elsevier Ltd. All rights reserved.
1. Introduction

Schizophrenia is a chronic debilitating condition affecting
approximately 1% of the population [1]. It is characterized by dis-
organized thoughts, hallucinations, and delusions (positive form),
and apathy and avolution (negative form). Similar symptoms result
from cannabis use, which has often been associated with psychosis
(Greek meaning diseased soul), and specifically schizophrenia [2]
However, it is only in recent times that tools have become avail-
able to properly, scientifically evaluate whether or not there is a
cause-and-effect relationship between cannabis use and schizo-
phrenia in a susceptible population, such as potentially found in
adolescents [3]. Thus far, these studies have produced conflicting
results regarding the etiological role of cannabis and schizophrenia
[4]. This manuscript will examine brain infection-induced immune
imbalance as a possible cause for a subset of schizophrenia cases.

Over the past two decades, there has been an explosion of re-
search into the endocannabinoids system. It is well documented
that the endocannabinoid system is a master regulator of homeo-
stasis [5]. All body systems, cardiovascular, digestive, endocrine,
excretory, immune, musculo-skeletal, are homeostatically regu-
lated by endocannabinoids. With the discovery of the endocannab-
inoids system, the biology of an individual’s internal
endocannabinoid activity could be linked with behavioral abnor-
malities [6].

1.1. Genetics

Currently, DNA sequence analysis has revealed a number of ge-
netic changes in components of the endocannabinoid system that
could be potentially be associated with a variety of illnesses,
including schizophrenia. For example, there are triple repeats in
ll rights reserved.
the CB1 receptor [7], which is located in the vicinity of the schizo-
phrenia susceptibility locus [8], as well as a polymorphism in the
catechol-O-methyltransferase (COMT) gene [9]. However, a recent
study examining these genetic variations in a case controlled study
found no evidence for an association with schizophrenia [10].

1.2. Measuring endocannabinoids

Another important tool for determining the endocannabinoids
system’s involvement in illness has been the use of NMR to actu-
ally measure the levels of endocannabinoids in individuals. For
example, higher than normal levels of endocannabinoids have
been found in the blood of individuals with a variety of psycholog-
ical abnormalities including anorexia nervosa [11], and schizo-
phrenia [12,13].

1.3. Cannabinoid receptors

The CB1 receptor was the first cannabinoid receptor to be iden-
tified [14] and cloned [15]. This receptor is predominantly respon-
sible for the psychological affects of marijuana. Subsequently, the
CB1 receptor was shown to have been important neuroprotective
properties [16]. The CB2 receptor was identified and cloned from
the spleen [17]. While the CB2 receptor has recently been shown
to regulate numerous tissues [18], in particular under conditions
of pathology [19], its primary function appears to be in regulating
the immune system, where it typically turns down the inflamma-
tory responses.

1.4. Immune balance

Balances between pro-inflammatory and anti- inflammatory
activities characterize the immune response. The pro-inflamma-
tory arm of the immune system is driven by Th1 and Th17 cyto-
kines including IL-1 and TNF. In contrast, the anti-inflammatory
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arm of the immune system is driven by Th2 cytokines, including IL-
4 and IL-10. An unbalanced immune response can have severe con-
sequences. Using malaria as an example, a weak TH1 response pro-
motes a fulminate parasitic infection [20], whereas, an excessive
TH1 response leads to TNF mediated autoimmune pathologies,
specifically with cerebral malaria [21]. Immune response in the
brain are typically mediated by microglial cells [22]and astrocytes
[23]. Microglial cells, as well as most other cells, express toll-like
receptors that activate the innate immune response to a variety
of pathogens. TRL 11 specifically responds to Toxoplasma gondii
[24]. These responses are typically pro-inflammatory in nature.
However, neurons and glial cells also express cannabinoid recep-
tors. CB2 receptors turn down the pro-inflammatory immune re-
sponse by promoting a Th2 cytokines [25]. Furthermore, there is
a negative association between schizophrenia and arthritis [26],
thus implying that the immune system of these individuals has a
reduced level of pro-inflammatory activity than is found in the
population at large.
2. Hypothesis

There are a number of disparate observations regarding schizo-
phrenia that may be integrated into a cohesive model based on im-
mune imbalance. Firstly, there is a strong negative correlation
between rheumatoid arthritis and schizophrenia [26], yet, a num-
ber of similarities between these diseases have been indicated [27].
Secondly, rheumatoid arthritis is associated with a Th1/17 pro-
inflammatory cytokine bias [28]. The negative correlation between
arthritis and schizophrenia implies that schizophrenics may exhi-
bit an excessive Th2 immune imbalance. Support for this sugges-
tion comes from studies that examined endocannabinoid levels
in schizophrenics, where high levels were found in the serum,
especially during schizophrenic episodes [12]. Cannabinoids limit
the pro-inflammatory immune response in the nervous system
[29] by increasing Th2 cytokines [25]. Thirdly, for many years there
has been suggested link between schizophrenia and T. gondii [30],
as well as other pathogens such as HIV.

Putting these three observations together leads to the hypothe-
sis that a chronic T. gondii infection, or other brain infections, may
result in brain inflammation to which the body responds by
increasing neuroprotective endocannabinoid levels [31]. These
psychoactive molecules may in turn promote the psychological
manifestations of schizophrenia. Considering that a three fold
higher level of anandamide is found systemically during schizo-
phrenic episodes, the local levels at the site of synthesis must be
extremely high.
3. Discussion

For decades marijuana consumption has remained the center of
controversy. The discovery of the endocannabinoid system now
provides a scientific foundation for examining this topic. A possible
link between cannabis consumption and schizophrenia continues
to fuel the controversy. Numerous hypotheses have been proposed
in an effort to explain schizophrenia. Proposals regarding genetic
and environmental factors, as well as age remain inconclusive. This
paper presents a novel hypothesis that suggests that a high level of
endocannabinoid activity in the brain is produced in response to
brain infections, and high levels of these psychoactive compounds
maybe crucial for the development of schizophrenia. This sugges-
tion is consistent with other possible causes of schizophrenia.

Current cannabinoid research indicates an important role
played by endo and exo-cannabinoids in promoting the survival
of nerve cells, largely through the CB1 receptor, and in down reg-
ulating potentially dangerous pro-inflammatory immune re-
sponses, through the CB2 receptor. The latter activity, while on
the surface appearing to be beneficial, may have serious negative
consequences with respect to schizophrenia, which is hypothe-
sized to result from parasitic brain infections as exemplified by T.
gondii. In view of the psychoactive properties of endocannabinoids,
a high local concentration of these otherwise protective molecules
could be responsible for schizophrenic symptomology.

This hypothesis predicts that there is a subset of schizophrenics
for whom an appropriate antibiotic regime might control the
inflammatory infection to the degree that the brain would produce
lower levels of endocannabinoids, and hence provide symptomatic
relief. An additional therapeutic strategy that might reduce the
probability of future schizophrenic episodes could include treat-
ment with a CB2 receptor-specific antagonist to facilitate the im-
mune system’s capacity to control this type of infection.

Acknowledgement

The author would like to thank Dr. Mitch Earleywine for criti-
cally reading the manuscript.

References

[1] Cohen M, Solowij N, Carr V. Cannabis, cannabinoids and schizophrenia:
integration of the evidence. Aust NZ J Psychiat 2008;42 5:357–68.

[2] D’souza D, Ranganathan M, Braley G, Gueorguieva R, Zimolo Z, Cooper T, et al.
Blunted psychotomimetic and amnestic effects of delta-9-
tetrahydrocannabinol in frequent users of cannabis.
Neuropsychopharmacology 2008.

[3] Rubino T, Parolaro D. Long lasting consequences of cannabis exposure in
adolescence. Mol Cell Endocrinol 2008.

[4] Di Forti M, Morrison P, Butt A, Murray R. Cannabis use and psychiatric and
cognitive disorders: the chicken or the egg? Curr Opin Psychiat
2007;20(3):228–34.

[5] Melamede R. Endocannabinoids: multi-scaled, global homeostatic regulators
of cells and society. InterJ Complex Syst 2006:1669.

[6] Emrich H, Leweke F, Schneider U. Towards a cannabinoid hypothesis of
schizophrenia: cognitive impairments due to dysregulation of the endogenous
cannabinoid system. Pharmacol Biochem Behav 1997;56(4):803–7.

[7] Hoehe M, Caenazzo L, Martinez M, Hsieh W, Modi W, Gershon E, et al. Genetic
and physical mapping of the human cannabinoid receptor gene to
chromosome 6q14–q15. New Biol 1991;3(9):880–5.

[8] Cao Q, Martinez M, Zhang J, Sanders A, Badner J, Cravchik A, et al. Suggestive
evidence for a schizophrenia susceptibility locus on chromosome 6q and a
confirmation in an independent series of pedigrees. Genomics 1997;43(1):1–8.

[9] Caspi A, Moffitt T, Cannon M, Mcclay J, Murray R, Harrington H, et al.
Moderation of the effect of adolescent-onset cannabis use on adult psychosis
by a functional polymorphism in the catechol-o-methyltransferase gene:
longitudinal evidence of a gene � environment interaction. Biol Psychiat
2005;57(10):1117–27.

[10] Zammit S, Spurlock G, Williams H, Norton N, Williams N, O’donovan M, et al.
Genotype effects of chrna7, cnr1 and comt in schizophrenia: interactions with
tobacco and cannabis use. Brit J Psychiat 2007;191:402–7.

[11] Monteleone P, Matias I, Martiadis V, De Petrocellis L, Maj M, Di Marzo V. Blood
levels of the endocannabinoid anandamide are increased in anorexia nervosa
and in binge-eating disorder, but not in bulimia nervosa.
Neuropsychopharmacology 2005;30(6):1216–21.

[12] De Marchi N, De Petrocellis L, Orlando P, Daniele F, Fezza F, Di Marzo V.
Endocannabinoid signalling in the blood of patients with schizophrenia. Lipids
Health Dis 2003;2:5.

[13] Potvin S, Kouassi E, Lipp O, Bouchard R, Roy MA, Demers M, et al. Endogenous
cannabinoids in patients with schizophrenia and substance use disorder
during quetiapine therapy. J Psychopharmacol 2008.

[14] Munro S, Thomas K, Abu-Shaar M. Molecular characterization of a peripheral
receptor for cannabinoids. Nature 1993;365(6441):61–5.

[15] Chakrabarti A, Onaivi E, Chaudhuri G. Cloning and sequencing of a cdna
encoding the mouse brain-type cannabinoid receptor protein. DNA Seq
1995;5(6):385–8.

[16] Van Der Stelt M, Veldhuis W, Maccarrone M, Bar PR, Nicolay K, Veldink G, et al.
Acute neuronal injury, excitotoxicity, and the endocannabinoid system. Mol
Neurobiol 2002;26(2–3):317–46.

[17] Shire D, Calandra B, Rinaldi-Carmona M, Oustric D, Pessegue B, Bonnin-
Cabanne O, et al. Molecular cloning, expression and function of the murine cb2
peripheral cannabinoid receptor. Biochimica et Biophysica Acta
1996;1307(2):132–6.

[18] Buckley N. The peripheral cannabinoid receptor knockout mice: an update.
Brit J Pharmacol 2008;153(2):309–18.

[19] Mackie K, Ross R. Cb(2) cannabinoid receptors: new vistas. Brit J Pharmacol
2008;153(2):177–8.



222 R. Melamede / Medical Hypotheses 72 (2009) 220–222
[20] Kossodo S, Monso C, Juillard P, Velu T, Goldman M, Grau G. Interleukin-10
modulates susceptibility in experimental cerebral malaria. Immunology
1997;91(4):536–40.

[21] De Kossodo S, Grau G. Profiles of cytokine production in relation with
susceptibility to cerebral malaria. J Immunol 1993;151(9):4811–20.

[22] Cabral G, Marciano-Cabral F. Cannabinoid receptors in microglia of the central
nervous system: immune functional relevance. J Leukocyte Biol
2005;78(6):1192–7.

[23] Schwab C, Mcgeer P. Inflammatory aspects of alzheimer disease and other
neurodegenerative disorders. J Alzheimers Dis 2008;13(4):359–69.

[24] Plattner F, Yarovinsky F, Romero S, Didry D, Carlier M, Sher A, et al. Toxoplasma
profilin is essential for host cell invasion and tlr11-dependent induction of an
interleukin-12 response. Cell Host Microbe 2008;3(2):77–87.

[25] Yuan M, Kiertscher S, Cheng Q, Zoumalan R, Tashkin D, Roth M. Delta 9-
tetrahydrocannabinol regulates th1/th2 cytokine balance in activated human t
cells. J Neuroimmunol 2002;133(1–2):124–31.
[26] Oken RJ, Schulzer M. At issue: schizophrenia and rheumatoid arthritis: the
negative association revisited. Schizophr Bull 1999;25(4):625–38.

[27] Torrey E, Yolken R. The schizophrenia-rheumatoid arthritis connection:
infectious, immune, or both? Brain Behav Immun 2001;15(4):401–10.

[28] Lubberts E. Il-17/th17 targeting: on the road to prevent chronic destructive
arthritis? Cytokine 2008;41 2:84–91.

[29] Centonze D, Finazzi-Agro A, Bernardi G, Maccarrone M. The endocannabinoid
system in targeting inflammatory neurodegenerative diseases. Trends
Pharmacol Sci 2007;28(4):180–7.

[30] Mortensen P, Norgaard-Pedersen B, Waltoft B, Sorensen T, Hougaard D, Yolken
R. Early infections of Toxoplasma gondii and the later development of
schizophrenia. Schizophr Bull 2007;33(3):741–4.

[31] Eljaschewitsch E, Witting A, Mawrin C, Lee T, Schmidt P, Wolf S, et al. The
endocannabinoid anandamide protects neurons during cns inflammation by
induction of mkp-1 in microglial cells. Neuron 2006;49(1):67–79.


	Parasitic Brain Infection, Endocannabinoids, brain infection, endocannabinoids, and Schizophreniaschizophrenia
	1. Introduction
	1.1. Genetics
	1.2. Measuring Endocannabinoidsendocannabinoids
	1.3. Cannabinoid Receptorsreceptors
	1.4. Immune Balancebalance

	2.0. 2. Hypothesis
	3.0. 3. Discussion
	AcknowledgementsAcknowledgement
	References


