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The authors have impressively summarized several complex
literatures and skilfully distilled concise and pointed sum-
maries [1].

Their assessment of cannabinoid medical indications
was particularly lucid. For five major indications for medi-
cal cannabis—refractory childhood epilepsy, pain, multiple
sclerosis spasticity, chemotherapy induced nausea and vom-
iting and glaucoma—their conclusions were fundamentally
unitary; namely that other agents exist which are equally
or superiorly effective and better tolerated. Such findings
uniformly minimize, and for the current time until greater
clinical data and understanding of mechanisms of action and
safety are available, dismiss the utility and clinical role of
cannabinoids for management of these and other conditions.

Acknowledgement that cannabis causes many major men-
tal illnesses in adolescents and adults, a progressive decline
in IQ and structural thinning of the prefrontal cortex and
hippocampus was also key [2]. Further they acknowledged
the growing research on intergenerational neurotoxicity
including autism, mental retardation, ADHD-like illnesses,
learning impairments and aggression.

Importantly stunning mechanistic revelations have
recently been elucidated which likely underpin many of
these observations, set them in context, address causal-
ity, and allow us to project future potential public health
scenarios.

Many studies now delineate a rich tapestry of can-
nabinoid-induced epigenetic, transcriptomic and prot-
eomic changes at both the brain and single cell level with
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identifiable homologies from rodents to humans [2, 3]. For
example one seminal rodent-human epigenetic study found
that many genes controlling growth (including MYC, KLF4,
SOX2-0OT, FYN) neurogenesis (EPHA2, IGF1, WNT3A,
TMP2) and synaptogenesis (NLGN1, NXNP1, ALDH1AI,
RXRB) were epigenomically down-regulated by cannabi-
noids [3]. Another found that reduction in rodent and human
frontocortical thickness was related to a reduction in den-
dritic arborization and complexity and a premature loss of
pyramidal cell dendrites, spines and synapses, glutamatergic
(AMPA, NMDA and metabotropic) receptor downregula-
tion and glutamate excitotoxicity which closely phenocopied
dementia, schizophrenia and aging [2].

Importantly reduction of all the mitochondrial electron
transport complexes along with the critical F1-ATPase
(which actually synthesizes ATP) was a prominent finding
in the cell type specific study [2]. This implies important
structural contributions to the reduction in mitochondrial
metabolism which is well documented.

Furthermore reduction in key components of the kine-
tochore and centromere which form the critical control
points for the mitotic machinery [3] and also in the tubulin
which forms the microtubular fibres which control chromo-
somal movement during anaphase has been repeatedly iden-
tified [2, 3]. This implies an increase in mitotic errors, the
generation of lagging chromosomes and their encapsulation
in defective micronuclear membranes which is a long estab-
lished feature of cannabinoid genotoxicology. Association
of cannabis exposure with congenital chromosomal anomaly
states has now been demonstrated epidemiologically [4].

These two findings synergize because it has recently been
shown that mitochondrial energy state and mitonuclear stress
signalling directly control genetic, epigenetic and chromo-
somal states and rupture of fragile micronuclear membranes
[5]. This in turn leads to shattering of the isolated chromo-
some known as chromothripsis which is a well established
engine for diverse congenital anomalies and a key driver of
aggressive cancers [4].

Californian authorities recognize that cannabinoids
discharged via wastewater achieve biologically relevant
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concentrations in aquatic environments and oceanographic
organisms [6]. Genotoxic lesions in exposed salt water mol-
luscs were found including DNA breaks and micronucleus
formation.

Cannabis crops can be contaminated by heavy metals
and by fungus. Crops may also be guarded against herbivo-
rous species such as deer by the liberal use of potent toxins
such as carbofuran, one quarter of a teaspoon of which will

suffice to kill a 300 pound bear. Death of numerous wild-
life species including deer, black bears and eagles have
been documented on such plantations (see Figs. 1 and 2).

Cows fed a diet high in industrial cannabis plants
become obviously sedated, immobile and unresponsive
[7]. The rates of their pulse, breathing, and milk produc-
tion all fell significantly. Worryingly modern analytical

Fig.2 A black bear wandering through cannabis grow camp with face covered with carbofuran, B dead bear.
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methods documented rates of cannabinoid analytes 3—7
times higher than official methodologies [7].

Provinces in the north and east of France host large can-
nabis farms. Press reports exist of rates of babies born with
major congenital anomalies affecting their limbs elevated
60 times above background [8]. Similar reports have issued
from German obstetric hospitals as cannabis becomes more
popular there. Melbourne in Australia is surrounded by can-
nabis farms and leads official tables for amelia and phoc-
omelia. Arm and leg bud formation is known to occur at
days 22-24 and 24-26 post-conception respectively. Disrup-
tions in this narrow time window can prevent limb forma-
tion. Cannabis disrupts key limb morphogen sonic hedgehog
both directly and epigenomically [8].

Cannabinoid-induced spatial and temporal modulation
of six key body morphogens has been demonstrated both
directly and epigenomically [9]. This is clearly a proximate
driver of body morphogenetic errors and its association with
numerous congenital anomalies.

Cannabis has been linked with cellular and clinical age-
ing by epigenomic mechanisms and DNA breakages [10].

Respiratory and cutaneous allergies to cannabis are also
increasingly defined.

Cannabis-related mortality was accepted.

Several principal themes emerge from this synopsis. In
this broader synthetic overview disparate aspects of can-
nabinoid toxicopathophysiology can be viewed as a multi-
faceted but coherent whole wherein particularly the syner-
gism between the mitochondriopathy, epigenotoxicity and
disruption of genome maintenance concisely explain the
diverse and variegated spectrum of cannabinoid pathology
seen clinically and epidemiologically in patterns of neu-
ropsychological deficits, cancer, congenital anomalies and
aging. Many of these systems are exquisitely sensitive to
micromolar concentrations of cannabinoids particularly dur-
ing key developmental periods such as gestation, childhood
and early adolescence.

Secondly current regulations fail to address the generality
of cannabinoids implicated in epi/genotoxicity which reflect
a major regulatory hiatus in understanding the breadth of
cannabinoids implicated. Thirdly intergenerational and
multigenerational transmission of genetic and epigenetic
changes is well established and is clearly foundational in
cannabinoid pathogenic pathways. Fourthly whole of com-
munity exposure through food chain and environmental
contamination largely and seriously removes the personal
choice element to xenobiotic exposure via the water table

and foodstuffs so that the whole population for the first time
constitutes the study “exposome”.

In the context of the generally weak evidence for can-
nabinoid medicinal efficacy such multifarous risks seem
egregiously premature.
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