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Edi tor ial

I
t happened. In July 2018, Canadian President Justin 
Trudeau made good on his campaign promise to 
legalize cannabis for recreational use – seventeen 
years after the decriminalization of the plant for 

medical purposes. His reasons? Among others, to minimize 
the potential for organized crime, as people flocked to find a 
“natural” alternative to prescription drugs.

The passing of Bill C-45 seems unlikely to lead to the 
‘free-for-all’ that some may fear – and, in fact, it may pose 
more challenges than it solves. In the build-up to the bill, 
Trudeau stated, “Producers need time to be able to actually 
prepare for a regimented and successful implementation of 
the regime ... This is something that we want to get right.” 
And as policymakers, regulators and scientists navigate this 
new territory, regulations are likely to get tougher and more 
complex for producers and consumers alike. After all, although 
legal on a national level, the details vary from province to 
province – as does public perception

British Columbia’s inhabitants, for example, are less likely 
to want a ban on sales outlets, where Québeckers are more 
resistant to partaking, post-legalization. Over half the general 
population think the push to change the law was a cynical 
ploy to win votes, and still more believe it will encourage a 
thriving black market.

In this time of upheaval and confusion, it is possible – and 
arguably essential – for science to be the “voice of reason.” 
Now more than ever, the cannabis science community has a 
responsibility to provide valuable information about medical 
efficacy. Out of the shifting regulatory landscape, positive 
developments are already starting to emerge, with increased 
investment in production, formal education and research. In 
particular, national legalization represents a clear benefit to 
clinical research; Canadian scientists will be able to sidestep 
the red tape tangling up their nearest neighbor and conduct 
the trials that are sorely needed.

Though cautionary and realistic, MJ Milloy (the scientist 
featured in our article on the potential impact of C-45 on 
page 14) sees a bright future, with changing legislation helping 
to tackle significant social problems. Canadian researchers 
now have the edge, but Milloy acknowledges that “science in 
general” continues to be at a disadvantage. How will the USA 
react to the disadvantage? Perhaps Canada has cast the pebble 
that starts the avalanche of legalization…

Joanna Cummings
Deputy Editor

Through the Red Tape 
O Canada! It’s your turn in the limelight.  
But what other issues will be thrust to center stage?
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Cannabinoids have already been approved 
for symptomatic treatment of spasticity 
in patients with multiple sclerosis. Now, 
a phase 2 clinical trial – (CANALS, 
cannabis sativa extract in amyotrophic 
lateral sclerosis and other motor neuron 
disease) in Italy has found evidence that 
similar effects might be seen in patients 
with motor neuron disease (MND) (1) 
– a condition where treatments have 
remained elusive. 

“There is no cure for motor neuron 
disease, so improved symptom control 
and quality of life are important for 
patients,” said research lead Nilo Riva 
(San Raffaele Scientific Institute in 
Milan, Italy) in a press release.

The researchers studied the effect 
of nabiximols (a cannabis extract 
delivered by oromucosal spray) on a 
key clinical outcome: the Modified 
Ashworth Scale – an objective measure 
of spasticity. In the multicenter, double-
blind, randomized trial, 59 patients 
with amyotrophic lateral sclerosis or 
primary lateral sclerosis were able to 
self-administer mouth spray containing 

either nabiximols or a placebo. The 
results? In brief, the nabiximols group 
exhibited a reduction in the frequency 
and severity of spasticity symptoms 
compared with the placebo group. In 
addition, the drug was well tolerated (no 
participants withdrew from the study) 
and no serious adverse effects occurred; 
although many experienced symptoms 
typical of cannabinoids, namely, asthenia 
(loss of energy), somnolence (sleepiness), 
vertigo, and nausea.

Despite encouraging phase 2 results, 
Riva is cautious about extrapolating 
too much from the study. “We must 
first confirm that THC-CBD spray is 
effective and safe in larger, longer term 
phase 3 trials,” he said. Marine de Visser, 
a specialist in neurodegerative disorders 
at The University of Amsterdam, the 
Netherlands, agreed: “Further studies 
are needed to establish the frequency of 
spasticity in the various presentations of 
MND, and to determine if reductions in 
spasticity improve overall quality of life. 
Larger multicenter trials should be done 
to identify which subgroups of patients 
might derive clinically signif icant 
benefits from nabiximols.”

Reference
1. N Riva et al., “Safety and efficacy of nabiximols 

on spasticity symptoms in patients with motor 
neuron disease (CANALS): a multicenter, 
double-blind, randomized, placebo-controlled, 
phase 2 trial”, Lancet Neurol, [Epub ahead of 
print] (2018). DOI: 10.1016/S1474-
4422(18)30406-X

MND: the 
(Therapeutic) 
Gap
Nabiximol sprays appear 
to alleviate symptoms of 
spasticity in motor  
neuron disease
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Sink or Swim
Could THC have a negative 
impact on sperm – and any 
subsequent embryos? Susan 
Murphy explains her research 
into cannabis and the sperm 
epigenome…

What made you think THC might 
affect sperm?
We had previously found that newborns 
of obese fathers had methylation 
changes in growth regulatory genes, 
and hypothesized that this might be 
epigenetic and transmitted through the 
sperm. In another study we examined 
the relationship between obesity 
and sperm DNA methylation, 
f inding that there were 
indeed methylat ion 
differences at these 
growth regulatory 
genes relative to 
n o r m a l  B M I 
controls in their 
s p e r m  D N A . 
Ca nnabi s  was 
just beg inning 
to be legal ized, 
and we wanted to 
know if cannabis use 
could impact the sperm 
epigenome. No one had 
previously examined this, but 
there was evidence of intergenerational 
effects from animal studies, suggesting 
that epigenetics could be responsible.

How did you investigate this?
We init ia l ly used a rapid urine 
screening test to measure 11-nor-
9-carboxy-ΔTHC (THCCOOH; 
the primary metabolite of cannabis) 
and then verified the results using an 
enzyme immunoassay. Measurements 
for THC and other cannabinoids were 
performed using ultra performance 

liquid chromatography/tandem mass 
spectrometry (UPLC-MS/MS) and by 
enzyme immunoassay (EIA). 

Our findings indicate that cannabis 
use (in humans) and THC exposure 
(in rats) are associated with changes in 
DNA methylation, meaning changes in 
the way genes are being regulated. 

What did you expect to find?
I truly did not know what to expect. For 
quite a few genes, there were relatively 
large changes in methylation between 
the user and control groups. For a 
substantial number of genes, we also 
saw multiple regions of the gene that 
were affected, bolstering the credibility 
of the results. Also surprising was 
the significance in the overlap of the 

genes identified in sperm from 
THC-exposed male rats 

and the same genes 
identif ied by an 

independent group 
as having altered 
methylation in 
the brains of 
rat  of f spr ing 
(not themselves 
e x p o s e d  t o 

THC) born to 
parents who were 

both exposed to 
THC during their own 

adolescence. This suggests 
potential for inheritance of 

effects from the parents via the gametes, 
but we need more definitive evidence.

Do you anticipate there being any 
evidence of epigenetic changes in the 
offspring?
This remains an open question. Until a 
few years ago, the inheritance of such 
effects from the paternal germline was 
thought to be improbable since DNA 
methylation in sperm is largely erased in 
the early embryo, just after fertilization. 
However, there is now evidence that 

there are thousands of regions of the 
genome that are not erased, providing a 
potential mechanism for transmission of 
these alterations. We don’t know as yet 
if any of the changes we have identified 
are in these regions. We are also working 
on determining whether the changes we 
see are happening at different regions in 
all of the sperm and are thus distributed 
throughout the entire sperm population, 
or if the changes are only present in a 
subset of the sperm population. 
This requires being able 
t o  a n a l y z e  D N A 
methylation in single 
sperm cells, which 
is technically quite 
challenging!

What does 
this mean for 
potential fathers 
who use cannabis?
It is too early to 
m a k e  d e f i n i t i v e 
recommendations other 
than to err on the side of 
caution for males seeking to 
become fathers. The findings need to be 
replicated in a larger study, and we need 
to determine if the changes we observed 
in sperm can be ‘“washed out’” with 
abstinence from cannabis use. This may
be possible if the changes are happening
only during the maturation process of 
the sperm cells – but if the changes are 
affecting the sperm stem cell population 
(the spermatogonial stem cells), then the 
changes may be permanent. We also 
need to determine if the changes we see 
in sperm are able to be carried forward 
to the next generation.

Reference
1. SK Murphy, “Cannabinoid exposure and 

altered DNA methylation in rat and human 
sperm”, Epigenetics, [Epub ahead of print] 
(2018). DOI:10.1080/15592294.2018. 
1554521
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Scientists have known that cannabis reduces 
ocular pressure since the ‘60s, but the reason 
why has remained a mystery – until now. 
A team at the University of Indiana has 
delved into the endogenous cannabinoid 
signaling system and made an unexpected 
discovery – the drug’s two major chemical 
components, THC and CBD, counteract. 
While THC, the primary psychoactive 
ingredient, was found to effectively lower 
eye pressure, CBD appeared to block its 
affect. Moreover, CBD appeared to worsen 
the primary underpinning of glaucoma 
by causing a rise in intraocular pressure 
(an average of 18 percent for at least four 
hours after use). So what does this mean 
for patients being treated with medical 
marijuana? “Given the popular embrace of 
CBD and its recent approval for childhood 
epilepsy, this potential rise in IOP is a side 
effect that we should be aware of,” says 
lead author Alex Straiker, an associate 
scientist from the university’s Department 
of Psychological and Brain Sciences.

Straiker and his team used knockout 
mice to separate neuroreceptors in a bid 
to understand more about the conflicting 
effects of THC and CBD. They found 
that three different cannabinoid-related 
receptors – CB1, GPR18 and GPR119 – 

all regulate ocular pressure 
independently. Moreover, 
they identified CB1 and 
GPR18 as those susceptible 
to pressure lowering.

Interestingly, the study 
also found that the THC’s 
effect was sex-dependent; 
male mice experienced an 
average drop in eye pressure of 
nearly 30 percent four hours after 
exposure to THC alone, along with 
a lower pressure drop of 22 percent 
after   hours. On the other hand, 
female mice experienced an average 
pressure drop of just 17 percent after 
four hours, with no difference in eye 
pressure after eight hours.

“The difference seems to be due to a 
difference in the number of receptors 
but it’s hard to say why there should be 
a sex difference. Strangely, we find that 
GPR119 lowers pressure, but only in 
female mice. Maybe the CB1/GPR18 
system is up-regulated to compensate, 
but we don’t know for sure,” says Straiker. 
Offering some explanation, Straiker 
notes that THC and CBD are somewhat 
non-specific in their action. “CBD acts 
as an (allosteric) antagonist at CB1, so 
it is opposing the pressure-lowering 
effects of those receptors,” he says. “The 
fact that the pressure rises is probably an 
indication that CB1 receptors are always 
partially activated to lower pressure. 
But it looks as though CBD also lowers 
pressure via GPR18. The truth is, we just  
don’t know.”  

Regardless, the study 
challenges long-held beliefs on 

cannabis as a glaucoma treatment. 
“The position of the medical community is 
that THC is ineffective in humans when 
applied topically. This is based on four 
studies from the early 1980s, three of them 
fairly small and with mixed-sex subject 
pools. Since there is a sex-dependence, they 
may have missed an effect,” says Straiker. 
“Despite all the usual caveats, such as 
our study being done in mice, our work 
suggests that the question is still open. 
Certainly, our study argues that lower-
CBD strains would work better that existing 
formulas, as CBD antagonizes the salutary  
THC effects.”

Reference
1. S Miller et al., “Δ9-Tetrahydrocannabinol and 

Cannabidiol Differentially Regulate Intraocular 
Pressure”, Invest Ophthalmol Vis Sci, 59, 15, 
5904 (2018), PMID: 30550613.

H(eye) – or Low?
Two chemical components; 
opposite effects. How medical 
marijuana impacts glaucoma 
for better – and for worse

On the Origin  
of Cannabis 
Is the plant’s unusual 
chemical make up the result 
of an ancient infection?

A growing number of researchers 
continue to dig into the effects of 
cannabis – medical or otherwise – but 
less attention has been paid to how the 
plant came by its distinctive chemical 
composition. Now, having published 
the world’s first cannabis genome map, 
researchers suggest that the secret to 

THC and CBD synthesis may be down 
to colonization of the plant’s genome by 
viruses millions of years ago (1).

According to Harm van Bakel, one 
of the researchers based at the Icahn 
School of Medicine at Mount Sinai in 
New York, plant genomes can contain 
millions of retroelement (viral DNA) 
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copies, which makes it difficult to link 
genes on chromosomes – “analogous to 
assembling a huge puzzle where three 
quarters of the pieces are nearly the same 
color.” But by combining a genetic map 
and PacBio sequencing, the team was 
able to locate distinct THCA 
and CBDA synthase genes. 
The team believes that 
their genetic similarity 
(but distinct location) 
indicates that they 
a r e  dup l i c a t e s  o f 
the same gene that 
w e r e  s ub s e q uent l y 
“scrambled” by invading 
r e t r o e l e m e n t s  b e f o r e 
evolving independently.

The researchers also identified the gene 
responsible for the synthesis of CBC – 

a cannabinoid that fails to gain the 
limelight but nevertheless appears to have 
interesting pharmacological properties.

Beyond evolutionary intrigue, Tim 
Hughes, a professor in the Donnelly 

Centre for Cellular and Biomolecular 
Research at the University 

of Toronto and co-leader 
of the study, explained 
the wider relevance 
of the work (2): “The 
chromosome map is an 
important foundational 
resource for further 

research which, despite 
cannabis’ widespread use, 

has lagged behind other crops 
due to restrictive legislation.”

Indeed, armed with the cannabis 
genome map and with newfound 

confidence that THC and CBD 
(and CBC!) are all produced by 
distinct enzymes, the cannabis 
community may be able to better 
tailor the respective content of 
each compound during selective 
breeding – a process that has 
confounded breeders in the past.

Reference
1. KU Laverty, “A physical and genetic map of 

Cannabis sativa identifies extensive 
rearrangements at the THC/CBD acid 
synthase loci”, Genome Res, [Epub ahead of 
print] (2018). DOI: 10.1101/gr.242594.118

2. Cellular + Biomolecular Research; University 
of Toronto, “Hughes Lab Publishes Long-
Awaited Cannabis Genome Map” (2018). 
Available at: https://bit.ly/2S0ZndC. Accessed 
January 29, 2019.

tas.txp.to/tcs6/advion?pdf
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Cannabis was one of the first plants 
cultivated by humans and it has been 
adapted to a variety of human needs: 
technical (f iber hemp), nutritional 
(hemp food), medicinal, and recreational 
(“marijuana”). But although cannabis 
has been “tamed”, it is far from being 
fully domesticated – there are too many 
gaps in our knowledge.

Cannabis produces a galaxy of over 150 
unique isoprenylated alkylresorcinols, 
known as phytocannabinoids and a 
host of equally unique polyphenolics 
(1), but biomedical interest has so 
far focused only on two compounds: 
Δ9tetrahydrocannabinol (Δ9-THC) and 
cannabidiol (CBD). Δ9-THC, a narcotic 
and socially divisive compound, has fostered 
the discovery of the endocannabinoid 
system, its two receptors (CB1 and 
CB2), and its endogenous modulators 
(endocannabinoids) – just like nicotine and 

muscarine did for the cholinergic system, 
ephedrine for the adrenergic system, 
and morphine for the opioid system. 
Conversely, CBD (e.g., Epidiolex GW 
Pharmaceuticals, UK) is still challenging 
molecular pharmacologists to unravel the 
molecular bases of its clinical activity in 
medical conditions where conventional 
treatment is of avail, such as genetic forms 
of epilepsy. 

Δ9-THC and CBD are the easiest 
compounds to purify from cannabis, 
but some say they are only the tip of the 
iceberg. There is growing evidence that 
the cannabinoid structural motif is a 
privileged platform for bioactivity and 
that its chemical space is still substantially 
unexplored. For cannabinoids, narcotic 
properties are not a sequitur; just because 
a compound is a cannabinoid and comes 
from cannabis does not mean that it will 
be psychoactive. A small change, like 
shortening the n-pentyl residue to a 
n-propyl as in Δ9-THCV – the naturally 
occurring lower homologue of Δ9-THC 
– switches the activity from CB1 agonism 
to antagonism (1), while the carboxylated 
native form of Δ9-THC (pre-THC or 
THCA-A) is a powerful PPARy agonist 
with remarkable neuroprotective activity 
and negligible activity on CB1 (2).

While the biomedical potency of Δ9-
THC and CBD is remarkable, there 
is surprisingly scarce awareness that 
these compounds do not belong to the 
native branch of the phytocannabinoid 
lineage. They are produced, just like 
all the other analogues in the plant, 
as carboxylated precursors, and, to a 
limited extent, as terpenyl esters of the 
carboxylated precursors. The native 
carboxylated forms (pre-cannabinoids 
or acidic cannabinoids) are thermally 
unstable, and are converted to neutral 
phytocannabinoids by loss of carbon 
dioxide. In turn, phytocannabinoids 
can be oxidized to cannabinoquinoids, 
another class of interesting compounds, 
whose instability has spurred the 

Domesticating 
Cannabis
There is much we know  
about the cannabis plant,  
but its potential in medicine 
and drug discovery is  
largely untapped.

By Giovanni Appendino, Scientific 
Advisor at Indena, Italy.
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generation of stable semi-synthetic 
analogues, exemplified by VCE-004.8. 
This aminoquinoid is interesting for 
autoimmune diseases like multiple 
sclerosis, and has received orphan 
drug status by FDA and EMA for 
the treatment of scleroderma (in 
development by Emerald Health 
Pharmaceuticals, USA).

The chemical diversity of cannabis 
is, thus, not only expressed by 
nat ive compounds, since ac id ic 
phytocannabinoids are generated with 
an expiry date and are primed to undergo 
a series of degradative modifications that 
generate neutral phytocannabinoids and 
cannabinoquinoids. These are, in turn, 
excellent templates for the development 
of novel semi-synthetic analogues with 
superior activities. All these changes 

are associated with distinct biological 
profiles – a “cannabinome” that still waits 
to be disentangled and domesticated to 
the benefit of medicine. Cannabis has 
long been considered a social issue or a 
book to be read in Smithsonian terms 
– a catalogue of structures. Seeing it as 
a source of solutions for unmet medical 
needs is a big step forward, and should 
spark optimism (rather than skepticism) 
in the medicinal chemistry community.

References
1. R LO Hanus et al., “Phyocannabinoids: a 

unified critical inventory,” Nat Prod Rep, 33, 
1357–1392 (2016). 

2. X Nadal et al., “Tetrahydrocannabinolic acid 
is a potent PPARy agonist with 
neuroprotective activity,” BJP, 174, 
4263-4276 (2017).

“Although 
cannabis has been 
‘tamed’,  
it is far from  
being fully 
domesticated – 
there are too many 
gaps in our 
knowledge.”
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O 
CANNA(DA)!

As the second country in the world to legalize recreational cannabis, all 
eyes are on Canada – and its researchers are likely to find themselves in a 
more prominent position on the world stage. Are they ready for it? And 
will each business and field have equal opportunity to benefit? Four months 
in, we talk to three experts from the worlds of research, education and 
consultancy to find out what they think about Canada’s green rush – and to 
explore the impact it will have on science, business and human health.

What will Bill C-45 mean for the scientists and 
business people in the Canadian cannabis industry?
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POTENTIAL  
VERSUS  
PANACEA
 With M-J Milloy, Canopy Growth professor of cannabis  
 science, Department of Medicine, University of British  
 Columbia and Research Scientist, British Columbia  
 Centre on Substance Use, Vancouver, Canada.

It’s an exciting time in Canada. Last week, I went to the first 
store to sell legal cannabis in the city of Vancouver. What 
struck me was how busy it was; many of the people buying 
products were saying how they had never used cannabis before 
but, now that it was legal, they wanted to try it in the hope 
that it would address some of their health concerns. 

The gates are open
Cannabis science is going through a bit of a renaissance. In 
Canada, something like 90 percent of the population live within 
20 miles of the US border and much of our society is constructed 
in relation to the USA. But now we have a fully legal framework 
and the support of the government, we are able to do research 
that cannot be accomplished over the border. And though it is 
always challenging to get enough money for science (no matter 
the country), we are fortunate that the federal government, as well 
as the cannabis producers, are supportive of funding research.

These are all tremendous advantages – and, post-legalization, I 
hope we can turn these advantages into scientific evidence. Among 
my colleagues, there are many dedicated scientists working in 
various fields, from arthritis to mental health to multiple sclerosis, 
and now the gates are wide open, I’m hopeful that we can begin to 
answer questions around the role cannabis might play in health and 
wellbeing. In the future, it’d be great to see Canadian researchers 
taking a bigger role on the world stage.

I am the inaugural professor of cannabis science at UBC – the 
first in the province. Canopy Growth, a licensed producer of 
cannabis, the government of British Columbia and my university 
all came together, decided this was a good idea and hired me. For 
any researcher to get this recognition – and, more importantly, 
support – for research is something that I’m tremendously grateful 
for. I’m a relative newcomer to the field, but I’m lucky that there are 
Canadian researchers who established programs of research when 
cannabis was still illegal, despite the challenges. It’s a very good 
time to be in research in Canada – it is marked by a real diversity of 
viewpoints; people are involved from a lot of different areas; social 
work, law, government policy…

THC and HIV
With the privilege of my position comes responsibility, of course. 
I started my academic training as an epidemiologist looking 
into illicit drug use, especially in the context of HIV infection 
– unfortunately, we have a lot of people here in Vancouver who 
have acquired HIV through drug use. As a country we have lost 
thousands of fellow citizens to drug overdoses in the last couple of 
years – a completely preventable form of death. To try and address 
this, we need to generate useful scientific evidence and put new 
tools in the hands of doctors, nurses, paramedics, as well as people 
who use drugs and their family members. Addressing that toll of 
death is what motivates all of us here at the the BCCSU.

Then I saw a study by Patricia Molina and colleagues in New 
Orleans (1), showing that monkeys exposed to THC had lower 
amounts of simian immunodeficiency virus in their blood, 
compared with monkeys that did not receive THC. I led a study 
in the mid-2010s (2) to see whether a similar effect can be seen 
in humans. We found that in the year after people acquired the 
infection (before they began treatment with antiretroviral drugs), 
those who were using cannabis at least once a day had significantly 
lower levels of the virus in their blood than those who were not.

We know that HIV is primarily a disease of inflammation, and 
CBD in particular has been shown to be anti-inflammatory. The 
hypothesis is that by lowering the amount of inflammation in the 
body during that acquisition period there is less chance for the virus 
to replicate, but that is still only a hypothesis. That’s the closest I’ve 
come to a “Eureka!” moment as a scientist, and it really opened my 
eyes to the possible impact of cannabis in the populations we study.

Our findings should certainly not be taken as any indication that 
you can manage your HIV infection with cannabis, something I 
point out whenever I present this work. It needs to be said – especially 
here in Vancouver when people are always looking for “natural” ways 
of dealing with their health – if you’re living with HIV, the best thing 
you can do is get on treatment and stay on treatment.

People on treatment have much slower disease progression, and 
cannot pass it onto their sexual partners or other partners. That’s 
positive – but they still experience co-morbidities as a result of 
chronic inflammatory process, such as depression, anxiety, and 
HIV-associated pain. This, and improving quality of life, is where 
I think cannabis might be useful.

The opioid crisis
A lot of my more recent research with cannabis has been 
examining its impact in the context of addiction, especially 
addiction to drugs. We have an overdose crisis in the USA and 
Canada, which is largely the result of people addicted to opioids 
like heroin being exposed to new and more powerful opioids, such 
as fentanyl. We are interested in whether cannabis might benefit 
these people and lower the risk of overdose.
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For the last 20 years, we have been running cohort studies 
involving 3,000–4,000 people who use drugs. They are 
marginalized; many are homeless, living in poverty, living under 
stigma and – if a heroin or a cocaine user – run the risk of being 
arrested and incarcerated. These are all barriers to health, and 
unfortunately they are the ones who are suffering the most from 
the overdose crisis and with very high death rates.

The need really is quite clear: to develop new treatments, and to 
develop new strategies for them to be able to improve and protect 
their health. We have over 20,000 interviews with these individuals, 
spanning 20 years, and we have been looking at that data to explore 
the possible benefits of cannabis. For example, we have found that, 
if people who are starting treatment for opioid use disorder are also 
using cannabis at least once a day, they were 21 percent more likely 
to still be in treatment six months later. That’s a positive – we know 
that keeping people in treatment, getting them on methadone or 
buprenorphine is the best way to ensure that they don’t suffer the 
harms of opioid use disorder, such as overdose or HIV acquisition.

We’ve also shown that people using cannabis every day are about 
30 percent less likely to start injecting drugs – which in turn lowers 
someone’s risk of overdose/getting HIV. It looks as if people are 

using cannabis to try and control or reduce the harms of other 
forms of drug use, which is very encouraging. We are planning 
some clinical trials (thanks to support from Canopy Growth) and 
hoping we can translate these findings into experimental studies.

Our pilot trial is to see if we could pair existing treatments 
for opioid use disorder, like buprenorphine, with cannabis – and 
whether that promotes retention in treatment, improves their 
quality of life or reduces pain or anxiety. As you may know, there 
is a lot of preliminary evidence that cannabis could be useful; and 
a now famous study (3) shows that those states in the US with 
medical cannabis systems have about 25 percent lower rates of 
opioid-related death. We are hoping to fill in some of the gaps to 
see if that is born out at the community level. I hope that will be 
useful for other communities grappling with drug overdose.

It is challenging to get a clinical trial like that up and running – 
and because of decades of cannabis prohibition there is a backlog of 
research – but one of the benefits of legalization is that it is much 
easier to do this kind of work. My friend and colleague, Mark Ware at 
McGill University, was the first in Canada to do a clinical trial using 
cannabis and it took him over ten years to get all the licensing settled.

We are also doing a scientific evaluation of a community group 
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here in Vancouver that is handing out cannabis for free to people 
who are at risk of overdose in the hopes of lowering the risks. A year 
from now, I hope that we will be able to share what we have learned 
in terms of the benefits and possible risks of that intervention.

From a scientific point of view, we need to ask ourselves what 
might be the best cannabis to use for these trials, in terms of its 
form, of its relative ration of cannabinoids and so on. From our 
preliminary work it seems that some people really benefit from 
high doses of CBD-based pill formulations, whereas some people 
want the immediate effect of smoking.

There is still much for us to learn in terms of conducting trials, 
licensing, regulations and so on – largely because a lot of it is still 
being drafted and determined. It is going to be a challenge, but we 
are certainly excited by it!

Delivering the message
I’m not one of those people who think cannabis is a panacea, and I 
certainly don’t think my job is to prove that cannabis is useful. I’m 
lucky to be working on the medical end, where the possible benefits 
of cannabis are exciting. But people should be mindful – as with 
any psychoactive substance. With any intervention – be it cannabis, 
another molecule, or a social program – you have to balance the risks 
against the benefits. Cannabis is no different, even in the medical 
sphere. I do think that is has tremendous potential, however, and 
I think that for the last century or so it has been unfairly maligned.

People (including scientists) have focused too much on the possible 
risks of cannabis, and not enough on the possible benefits. Eminent 

English scientist David Nott has shown that if you compare cannabis 
at a public health or an individual health level to other substances, 
including legal substances, it’s quite clear that the risks of cannabis 
pale in comparison to alcohol or tobacco or other drugs.

Anyone working in the field is likely concerned about the possible 
negative consequences of legalization, but, at the same time, I 
believe that people should not be put in cages for using drugs – any 
drugs. I think that instead of using a public security approach to 
issues, we should be using a public health approach  – and appears 
to be what the Canadian government has tried to do with cannabis 
– to regulate it like any other substance.

I never thought I would end up here, studying cannabis. I’ve had 
my mind changed not only because of the work I’ve done, but also 
through talking to the participants in my studies and others who 
are using cannabis therapeutically, including family members here 
in Vancouver. For many people, it makes a lot of difference in their 
lives and I am lucky to be able to see that. The impetus for my work 
is to really see whether those benefits can be borne out in a scientific 
study – and I’m delighted to be playing a part in the process.
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FRIEND, 
NOT FOE
 With Adolfo Gonzales, Seminar Leader and Co-owner  
 at CannaReps, and Advisor at Canadian Association of   
 Medical Cannabis Dispensaries, Vancouver, Canada. 

I currently run CannaReps, a cannabis education firm and Canada’s 
first interactive dispensary worker training program. I also act as 
a consultant to several licensed or soon-to-be licensed companies 
in the cannabis space, primarily in terms of product development, 
branding, marketing and corporate training. I have been fighting 
for legalization in Canada for some time, alongside mentors and 
inspirational figures who have long been doing the same.

I’ve worked in the industry for a number of years – and I am 
blessed to have fallen in love with this plant at just at the right 

moment in history. The past 20 years have been a real rollercoaster, 
and it has been interesting to see this industry change so abruptly 
from the inside. I have learned firsthand that true skill, passion 
and understanding of the plant and all of its derivatives, is not the 
same as a market cap. At this point in history, those of us who 
truly understand what quality means have a massive opportunity.

As a point of comparison – wine culture took a long time to fully 
develop in America and other “new world” production areas, and 
it took many winery owners who respected and understood wine 
culture and good quality wine. This meant the staff in charge actually 
understanding grape genetics, growing, harvesting and processing 
with a degree of detail far beyond a scientific understanding of 
“how things work.” And that’s why I established the “Cannabis 
Sommelier Course”. The human, cultural and sensory experience 
for the consumer of all types will slowly improve thanks to those 
who understand the concept of a desirable and effective product – 
while others that underestimate their consumer base are likely to 
fall by the wayside.
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THE CANNABIS 
CONDUIT 
 With Barinder Rasode, CEO and Co-Founder 
 of Grow Tech Labs, Vancouver, Canada. 

I am the CEO and Co-Founder of Grow Tech Labs, a cannabis 
accelerator program based out of Vancouver, British Columbia. My 
past experiences in the health, media and research spaces – and 
an academic background in political science – have allowed me to 
view legalization through a public health and public safety lens, 
while becoming an advocate. It’s also given me the government 
background needed to gain understanding of this market; I am very 
aware of the concerns of public related to llegalization (such as road 
safety), and and feel able to educate them in a tone that is familiar 
to them and in a space that does not make them feel vulnerable.

Through its consultation process and working groups, GTL aims to 
create a new generation of leaders in the cannabis sector to help address 
the current pain point in this new industry. Up to now, regulations 
have favored the large producer, so we are also exploring the possibility 
of developing a provincial co-op engagement plan. BC has so much 

to gain by ensuring thousands of existing Health Canada registered 
growers are active participants in Canada’s cannabis economy. 

For many pre-legal companies, sustaining a strong reputation 
against tough competition is not guaranteed in the post-prohibition 
marketplace. We aim to support them in this confusing time, providing 
our cohort companies with access to traditional business services and 
specialized mentors to help them transition into the legal market.

I believe that this new, post-regulation space provides us with 
an opportunity to create diversity and make room for under-
represented groups in the cannabis field. The more that people see 
those like them in power positions, for example, the more they feel 
inspired – the knowledge that it’s possible for them to get there 
too can be highly effective. At Grow Tech, we save a spot in our 
program for a female-led company, to make sure that each round 
of cohorts creates a strong female leader. 

It’s still early, but Bill C-45 has already helped our business grow, 
allowing us to support the legal market in Canada. The Bill has not 
legalized edibles yet, which has affected our ability to add companies 
in the edible market to our program. We believe that there’s a large 
segment of the market that doesn’t feel comfortable inhaling cannabis 
but will find the benefits of this plant through topical or edible 
products.  But one of our chief aims will continue to be maintaining 
BC’s competitive advantage as an international cannabis leader.
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The process of legalization has been a mixed bag but, as a whole, 
I believe changing our laws to control and regulate the production, 
sale and consumption of this product will be a positive change for my 
industry and my country. I am glad to see test results for everything 
sold, and it puts me at ease to know that there are tight controls 
around mold and pesticide contaminants, as well as heavy metals and 
other potential issues. I am also glad that budtenders are not allowed 
to dispense medical guidance alongside cannabis and that doctors 
and pharmacists are now starting to take up this role more seriously.

I do see one problem: the growing dominance of big players in the 
retail and production sectors. Remember that the bulk of the industry 
was once small “mom-and-pop” grow sites, with organized crime 
composing only a small fraction of the supply chain. Regulation has 
great benefits to public health and safety, there is no question about 
that, but regulating all of the small players out of the game is a fail 
for our local economies and a threat to the very fabric of our society 
here on the west coast. Hopefully the province achieves its goal of 
including smaller producer into the framework without having them 
all controlled by only a few major entities. It is not easy to write and 
enforce policy, and I believe the Canadian government is doing the 
best it can with a highly complicated set of interrelated factors that must  
be considered.

When liquor laws changed in Canada during the 1970s, the 
laws were very stringent. No advertising, limited product in stores 
and tight regulation over production requirements. It was not 
easy for industry to adjust then, just as it is not easy for us to 
adjust now. Things are bound to get better over time, as screws 
are tightened and laws are slowly loosened to fit the needs of 
producers, retailers and the public. As long as we can find a place 
for the artisan producer to survive, we can retain our cultural 
legacy, while allowing companies large and small to flourish as 
our country is more widely recognized on the global scene.

For us, the impact of Bill C-45 has been mostly positive, with 
more folks gaining an interest in participating in this space. We 
have had to adjust our course material to include all of the new 
regulations so that compliance is woven into the fabric of every 
module that we present but our methods and approaches have 
remained essentially the same.

I cannot see legalization causing any issues for me in the 
next few years. I see legalization as a friend, not a foe – to both 
CannaReps and Connekta. Both companies are fully focused 
on serving the legal sector, and this means more clients, and 
involvement in more projects with the chance – thanks to the 
sure footing provided by legalization – to stand the test of time.
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The umbrella term “cannabinoids” 
covers a variety of compounds that are 
derived from the cannabis plant, including 
tetrahydrocannabinol (THC) – the 
chemical predominantly responsible for 
the psychoactive effect that accompanies 
cannabis use. THC was the first cannabinoid 
to be studied extensively for its therapeutic 
potential. Indeed, the first cannabinoid-
based product to be approved by the 
FDA was a synthetic version of 
THC called Marinol in 1985. 
By improving appetite 
and reducing nausea 
and vomit ing in 
patients undergoing 
chemotherapy or 
being treated for 
HIV, Marinol saw 
great success and 
continues to be the 
standard of care in 
such patients. 

Johnson Matthey got 
involved in the cannabinoid field 
over 15 years ago when we developed a 
generic substitute for Marinol. Working 
with cannabinoids is very complex and 
APIs produced based on cannabinoids can 
be challenging to work with. In Marinol, 
the API oxidizes quickly and is prone to 
impurities. To add to the challenge, many 
countries – particularly the US – have 
strict rules and requirements around the 
use of controlled substances However, 
Johnson Matthey already had a great 

deal of experience with manufacturing 
controlled substances, so it was a logical 
step to enter the cannabinoid space. We 
already had the expertise to handle the 
complex chemistry and stability challenges, 
coupled with the infrastructure and 
resources to navigate the legal landscape.

Plant potential
Today, interest in cannabinoids in the 
pharma industry and medical community 
is increasing rapidly as further research 
emerges. Cannabinoid receptors are 
being found all over the body and 
there is potential for cannabis-derived 
medicines to help in unexpected 
therapeutic areas; for example, there is 
a lot of work taking place in employing 
cannabinoids for dermatologica l 
conditions, such as eczema. There is 
also interest in using cannabinoids as 
an adjuvant in chemotherapy patients 
to help manage pain. There could be 

huge rewards for companies that 
develop alternative medicines  

and approaches. 
In addition, research with 
cannabis – historically 
hindered by the legal 
landscape – is becoming 
easier as a number of 
US states and countries 
a round the wor ld 

begin to relax rules 
and regulations around 

medicinal (and, in some 
cases, recreational) cannabis use. 

This has led to increased availability 
of cannabis for research purposes and 
fewer restrictions about what researchers 
can do. With ongoing research about 
how cannabinoids can potentially treat 
a plethora of conditions, the medical 
community is pushing for GMP-grade 
products that have been subject to rigorous 
safety studies. More patients are becoming 
aware of cannabis’ potential health benefits 
but many of them want to gain access to 
a controlled, safe and effective product.

Meeting new and natural needs
We have already established large scale 
expertise in the cannabinoid space, which 
means we’ve been able to adapt scale 
up operations to meet rapidly increasing 
market demands. Although we initially 
started with THC, we have since grown 
our offerings to include other synthetic 
cannabinoids, including cannabidiol 
(CBD) and nabilone.

Clearly, to gain FDA approval, you 
need to produce a very pure product, 
which requires the right equipment and 
a significant amount of technical know 
how. As well as developing a validated 
process for cannabidiol synthesis (filed 
with a US DMF), we have also created 
reference standards for our cannabinoids, 
which help our customers understand 
what they are getting, and gives them 
the confidence to use our APIs in their 
formulations. We have also considered 
ease of formulation – our cannabidiol is 
a free-flowing crystalline powder and the 
particle size can be adjusted to suit a 
variety of formulations.

Beyond THC and CBD, there are well 
over one hundred different cannabinoids 
within the cannabis plant, and pharma 
companies are interested in assessing 
the therapeutic potential of a number 
of these. In response, we are planning 
to expand our portfolio to include other 
synthetic cannabinoids.

The FDA recently approved the 
seizure drug, Epidiolex, which contains 
naturally extracted cannabidiol, and 
we see increasing interest in the use 
of natural cannabinoids. As one of the 
largest API manufacturers in the world, 
Johnson Matthey has gained significant 
expertise in the extraction of APIs 
from natural sources, and so we are 
also expanding our offerings to help 
those customers wishing to explore  
botanical cannabinoids.

Kevin Hennessy is Commercial Director 
at Johnson Matthey.

The Marijuana 
Medicine Makers
Interest in cannabinoid drug 
development is growing. The 
potential market – and the 
opportunity to treat unmet 
patient needs – is enormous.

By Kevin Hennessy



As Easy as GC×GC
 

Is there a place for two-dimensional gas chromatography in cannabis testing?

By  Laura McGregor and David Barden, SepSolve Analytical Ltd, Peterborough, UK.

The need for robust methods of analyzing cannabis 
constituents continues to grow, and analytical 
chemists now have a wide array of techniques at 
their fingertips. One of the exciting things about 

cannabis testing is the opportunity it offers to stretch the 
limits of the available technology. Whether it’s automating 
sample preparation to ensure homogeneity of these complex 
(and highly variable) matrices, or helping cannabis growers to 
get to grips with the testing of their products, researchers and 
manufacturers face a number of challenges when it comes to 
pinning down exactly what’s in a cannabis sample, in order 
to provide the raw data that enables assessment of safety  
and efficacy.

However, one group of cannabis compounds in particular 
– the terpenes – remain highly challenging, despite all these 
advances. Could two-dimensional gas chromatography shake 
off its ‘academic’ aura and offer a solution to this difficult but 
important group of cannabis compounds?

The terpene challenge
 
Over 100 terpenes are known to occur in cannabis, and are 
important not just because of their distinctive aromas and 
flavors, but also because of their contributions to psychoactive 
effects such as sedation and anxiety relief (Figure 1) (1,2).
In addition, terpenes also display what’s known as the ‘entourage 
effect’ (5,6) – the greater therapeutic effect resulting from the 

presence of terpenes alongside psychoactive cannabinoids. 
Kevin Koby, Chief Scientific Officer of Abstrax Tech, a 
leading provider of terpene blends to the cannabis industry, 
said, “Because of the entourage effect, an understanding of 
the terpenoids in a cannabis product can be really important 
to growers wanting to ensure consistent effects from their 

Figure 1. The classification of terpenes according to the number of 
isoprene units they contain in their molecular skeletons, showing 
examples of three compounds found in cannabis, with their aroma (3) and 
effects on the human body (2,4).
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products. For example, high myrcene content is associated 
with the sedative effect known as ‘couch lock,’ whereas elevated 
levels of pinene are associated with alertness.”

The consequence of this, he says, is that plant breeders 
will often attempt to engineer cultivars with specific terpene 
profiles, in order to encourage particular traits (7). However, 
this relies on in-depth terpene testing to allow the best cultivars 
to be selected – and that’s a big challenge.

So what makes terpenes so tricky to analyze? It’s largely 
down to their immense variety. Not only can the fundamental 
carbon backbones take a variety of shapes, but there are myriad 
derived forms (terpenoids) to contend with, as well as isomers 
with very similar properties. As a result, separating all these 
from each other – let alone confidently identifying them – is 
enough of a challenge on its own.

Taking on terpenes
 
Deciding how best to separate and identify terpenes in 
cannabis used to be a major preoccupation for many analysts 
– and continues to be a point of discussion (8). This is primarily 
because there are no defined regulatory methods for cannabis 
testing, meaning that the decision on which technique to 
use lies largely with the analyst. Methods available include 
high-performance liquid chromatography (HPLC) or gas 
chromatography (GC), with the detection method depending 
upon factors including detection limit, and analyte volatility 
and stability.

However, for relatively volatile species such as terpenes 
and residual solvents, GC is the clear winner for its general 
applicability and ease of use. It is usually coupled with 
headspace sampling, which is inexpensive, highly effective 
and easily automated, with the added advantage that it removes 
the need for labor-intensive solvent extractions. 

Unfortunately, choosing a detection method for GC analysis 
of cannabis terpenes is less straightforward. David Mathis from 
Bonafides Laboratory Inc. – a cannabis testing facility based 
in Colorado, USA – has particular experience in this regard. 
He said, “Flame ionization detection is ideal for quantitation, 
but we often find that it over-estimates the abundance of 
important terpenes. Mass spectrometry and vacuum ultraviolet 
detection, although allowing the differentiation of co-eluting 
compounds, are typically more expensive […] and they also 
often require more experienced analysts.” An additional factor 
is that the algorithms used to deconvolve structurally similar 
terpenes can be prone to errors.

The solution to this conundrum, as Mathis sees it, is to try 
and improve the quality of the GC separation. “Confidence in 
compound identity and quantitation is primarily constrained 

by the degree of separation,” he says. “Being able to resolve 
co-elutions gives you a lot more flexibility when it comes to 
choice of detector.”

So how can the separating power of GC be improved while 
retaining its undoubted practical advantages? The answer may 
lie in a well-established but overlooked variant of the technique 
– two-dimensional gas chromatography, usually abbreviated 
as GC×GC. First developed in the 1990s, GC×GC involves 
coupling two GC columns with different stationary phases, 
with individual portions from the first column passed into a 
faster-eluting second column (Figure 2). The result is separation 
of the sample in two dimensions (9) which provides the greater 
peak capacity needed to deal with highly complex mixtures 
like cannabis (10). 

Changing methods, changing minds
 
GC×GC has long been used in the petrochemical and fragrance fields 
precisely because of its ability to separate highly complex mixtures 
(11,12). For example, in the case of petrochemicals, it’s essentially the 
only choice if you want to have any hope of separating the sub-classes 
of mixtures comprising literally thousands of hydrocarbons (13). For 
analysis of fragranced mixtures such as essential oils, it’s the ability to 
separate and identify isomers that is the major advantage.

But in other fields, cannabis included, GC×GC has struggled 
to gain much traction. In our view, this stems from two 
misconceptions – complexity and cost.

Figure 2. Schematic of a GC×GC system showing how chromatographic 
resolution can be improved using two columns of different selectivity.
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GC×GC is often described as being complicated, with the 
impression being that it’s only used by academics for niche 
applications. In fairness, running GC×GC methods is more 
involved than for regular GC, with additional method parameters 
to optimize and a different format for visualizing results… but it’s 
worth noting that early adopters of the technology were happy 
to have it seen as an “advanced technique” in order to elevate the 
status of their research! However, the unwanted side-effect of this 
has been that the “complicated” label has stuck, meaning that it 
has often been overlooked for routine applications.

With regard to the second point, high running costs are 
considered to be a drawback of GC×GC systems, mostly due 
to the requirement for liquid cryogen by the modulator. This 
critical part of the GC×GC system ensures that peaks eluting 
from the first column are sampled and re-injected as narrow 
chromatographic bands into the short secondary column, to avoid 
overloading it and to preserve the separation achieved in the 
first dimension. The first commercial GC×GC modulators used 
liquid nitrogen to operate a so-called “cold jet,” and these thermal 
modulators still have a wide user base in the GC×GC community.

Beyond the misconceptions
 
Developments in GC×GC have now addressed both of these 
challenges. Numerous commercial packages are now available 
that allow existing GC systems to be upgraded easily, with 
tailor-made software to visualize and compare chromatograms 
as easily as in 1D systems. Not only that, but as the technique 
becomes more widely adopted, ready-optimized sets of columns 
and conditions are becoming available.

On the cost front, the running costs of GC×GC are lower than 
they used to be, thanks to the development of devices that use 
flow control rather than temperature control to achieve effective 
modulation. Such flow modulators don’t require liquid cryogen 
or chiller units, lowering both capital and running costs, and 
making GC×GC more affordable for small labs.

These changes have recently resulted in a greater uptake of 
GC×GC by high-throughput labs working on routine applications, 
particularly in flavor and fragrance analysis and environmental 

investigations. The reasoning has been that because GC×GC is 
capable of handling relatively complex sample matrices, it’s not 
necessary to spend so much time on sample preparation, which 
up until now has been a major drain on laboratory resources.

Not only that, but in some cases, new legislation is driving 
the need for advanced analytical techniques like GC×GC. For 
example, the Canadian Ministry of the Environment has now 
listed GC×GC as an acceptable analytical technique, and have 
published regulatory methods on using it (14).

A single method
 
So what can GC×GC do for cannabis terpenes? For a start, 
it enables monoterpenes and sesquiterpenes to be easily 
distinguished, because they elute in well-separated bands 
when using a non-polar 1D column and a polar 2D column 
(the so-called “normal-phase” setup). Furthermore, using this 
configuration means that oxygenated terpenes elute later in the 
(more polar) second dimension. This structured ordering simplifies 
the identification process, allowing tentative identifications to be 
assigned based on groupings alone (Figure 3).

The improved separation of GC×GC also allows common 
co-elutions to be resolved using simple, inexpensive detectors 
(such as flame ionization detection) rather than resorting to 
mass spectrometry or complicated deconvolution algorithms. 
This means that cannabis producers can obtain more reliable 
information on the component terpenes, which in turn allows 
the creation of more precise descriptions of aroma characteristics 
and therapeutic traits for each cultivar (Figure 4). 

In addition, more terpenes can be monitored in a single 
method. For example, the difficulties in separating terpenes 
by one-dimensional GC means that in many labs only a select 
group of “common” cannabis terpenes are monitored. This means 
that important aroma and flavor characteristics or beneficial 
therapeutic effects can be overlooked. Using GC×GC, cannabis 
producers can provide more accurate labelling of their products, 
providing consumers with the information that allows them to 

Figure 3. GC×GC color plot of a cannabis extract, showing separation of 
analytes according to chemical class (15).
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select the best product for their needs.
Thomas Martin, R&D Flavour Chemist at Abstrax, said, 

“Obtaining a detailed understanding of the terpenes present in 
cannabis products is essential both for growers and consumers 
alike, and GC×GC is a valuable tool for achieving this.”

It has even been shown that GC×GC analysis of cannabis 
extracts can aid classification of samples based on the strain of plant 
(16). This is a very attractive prospect for plant breeders working on 
engineering new strains with specific therapeutic traits.

Analytical advantages
 
In summary, GC×GC is in the process of transforming from 
being a niche to a mainstream technology, thanks to advances 
in user-friendliness that make it far easier to employ on a routine 
basis. This is making it more appealing to analysts in a wide range 
of industries who need to achieve confident identification of large 
number of volatile constituents in a wide range of matrices.

Martin is optimistic about what the future holds. “With 
GC×GC, we now have the opportunity to answer important 
questions regarding why cannabis smells, tastes and affects us the 
way it does – and those employing it stand to gain considerable 
advantages in this fledging industry.”
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Applicat ion Note 24

The aim of this study was to develop 
a sensitive and reproducible workflow 
for screening pesticides and mycotoxins 
simultaneously in cannabis using UPLC-
MS/MS and GC-MS/MS to meet 
or exceed action levels set within the  
California regulations.

T h e  o b j e c t i v e  w a s  a l s o  t o 
st reaml ine the ana lysis using a 
simple sample extraction and dSPE 
cleanup which minimizes sample 
preparation, followed by automated 
method generation using Waters  
Quanpedia database.

Standard compounds for 66 pesticides 
and 5 mycotoxins were combined to 
produce a stock solution which was 
sequentially diluted to prepare the 
spiking solutions. Aliquots of 0.5 g of 
ground material were spiked with 0.10 
μg/g (100 ppb) and 0.50 μg/g (500 ppb) 
of the acetonitrile spiking solutions. The 
mycotoxins were spiked at 0.02 μg/g (20 
ppb) and 0.10 μg/g (100 ppb).

Both LC-MS/MS and GC-MS/MS 
were used as some residues are only 
amenable to either LC or GC. Tandem 
quadrupole MS is the detector of choice as 
it provides high sensitivity and selectivity 
for simultaneous analysis of hundreds of 

pesticides at low ng/g (ppb) levels in a  
single analysis.

Mycotoxins analysis by LC-MS/MS
The LC-MS/MS analysis of mycotoxins 
can be combined with the analysis of 
pesticide residues in a single analytical 
injection, allowing trace level detection 
of aflatoxins G2, G1, B2, B1, and 
ochratoxin A. The calibration curves for 
all mycotoxins were linear (R2>0.990) 
over the range tested 0.005 to 0.10 μg/g 
in matrix matched calibration curves

Pesticides analysis by LC-MS/MS & 
GC-MS/MS
The State of California monitors 66 
target pesticides in cannabis. This list 
completely encompasses the Oregon 
pesticide list minus MGK-264. However, 
the California list has additional 
compounds like chlordane, captan 

(analyzed as its degradant THPI), and 
pentachloronitrobenzene (PCNB) which 
require GC-MS/MS due to poor ionization 
using electrospray ionization in LC-MS/
MS. There is a large subset of compounds 
that worked well using both techniques, 
therefore, analysis on both systems allows 
for increased confidence in results and the 
GC-MS/MS data can be used as an added  
confirmatory technique.

Recovery results between 80% and 
120% demonstrated the high accuracy 
of the method, and the significant 
benef its of using dSPE to reduce  
matrix suppression.

This simple sample extraction and 
dSPE cleanup method followed by 
UPLC-MS/MS and GC-MS/MS 
analysis provides a rapid, sensitive, and 
robust workflow for determination of the 
California pesticide list and mycotoxins 
in challenging cannabis matrix.

Analysis 
of Residual 
Pesticides and 
Mycotoxins in 
Cannabis

A rapid workflow for 
screening the California  
list of pesticides and 
mycotoxins in a challenging 
cannabis matrix

By Kim Tran, Kari Organtini,  
Marian Twohig et al.

www.waters.com/cannabis

Figure 1. Representative MRM chromatograms for (1) mevinphos isomers, (2) dimethomorph, (3) 
fenhexamid, (4) coumaphos spiked at a level of 0.10 μg/g in cannabis flower and extracted using the 
sample preparation protocol reported.
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Cannabis testing laboratories face the difficult task of removing 
a variety of unwanted matrix components from their samples 
prior to LC-MS or GC-MS analysis. High-lipid samples, in 
particular, pose a major challenge when testing for a large number 
of pesticide residues that contain different physicochemical 
properties and need to be detected at very low concentrations. 
This application note outlines the performance benefits achieved 
using the LipiFiltr® cleanup cartridge for the analysis of 
pesticides in oil-based cannabis products using LC-MS/MS 
analysis. The pesticides evaluated in this study include those 
listed in the Oregon monitoring list (~60 pesticides). CBD oil 

was used as the representative matrix. A comparison of pre- 
and post-LipiFiltr® cleanup using full scan GC-MS is also 
presented to demonstrate the removal of lipid co-extractives. 
This work was originally presented as a poster at the North 
American Chemical Residue Workshop (NACRW) 2018 in  
Naples, Florida. 

https://sampleprep.unitedchem.com/media/at_assets/tech_doc_
info/8110-01-01_Optimization_of_Sample_Preparation_for_
Pesticide_Analysis_in_Oil-Based_Cannabis_Products_using_
LipiFiltr__1.pdf

Optimization of  
Sample Preparation  
for Pesticide Analysis  
in Oil-Based Cannabis
Products using UCT’s All New LipiFiltr®  
Push-Thru Cartridges

Clockwise from left: Comparison of hexadecanoic acid content, 
octadecadienoic & octadecatrienoic acids, and cannabidiol content pre and 
post LipiFiltr® cleanup in a CBD oil extract.

tas.txp.to/tcs6/utdchem?pdf
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 27Sit t ing Down With 

Where did your love of science begin?
I gravitated towards science in third 
grade. And by fifth grade, I wanted to be 
a research scientist – working on cures for 
illnesses such as epilepsy. I was certainly 
curious – but I was quite often sick as a kid, 
so my interest in therapeutics probably has 
its roots in both of those things. Making 
medicines was an inherent calling; you can 
see the positive impact you’re making.

Why cannabis?
My brother was the “stepping stone.” In 
2008, the construction company he was 
working for was asked to build a dispensary, 
and they were focusing on medical. I didn’t 
know there was a medical use for cannabis 
at that time. I studied everything I could 
get my hands on, and then volunteered 
in the dispensary for two weeks. I saw 
the positive effects on patients, and could 
quickly recognize the problems in knowing 
the supply chain, understanding dosing 
and knowing how to breed for CBD. A 
turning point came in early 2009, when 
President Obama said he was going to go 
after drug trafficking organizations, not 
medical patients. I saw this as the medical–
entrepreneurial “green light,” and my brother 
and I decided to set up The Werc Shop, an 
independent testing lab. After more than 12 
months of research, we opened our doors 
in 2010, with three fundamental aims: to 
be sustainability based; to lead with science 
and good information; and always to have  
scientific integrity. 

How did you feel about making the leap? 
I felt both excited and apprehensive – not 
least what it might do to my career in the 
pharmaceutical world or fine chemical space. 
But when you’re doing the right thing for the 
right reasons, logical and rational arguments 
hopefully win the day. I liked the idea of a 
wide-open research area, the chance to really 
put the scientific stake in the ground, the 
chance to learn about the plant’s complexity 
and to create low cost medicines. It was also 
an incredible opportunity as an entrepreneur. 

I knew that, if I went down that path, it 
would probably keep me busy for the rest of 
my life. So far, I haven’t been proven wrong! 

What have you achieved since then? 
We’ve cont inued to grow as an 
organization and now have a large number 
of employees providing back-end scientific 
support for many other entrepreneurs, 
whether it be license holders, brands or 
those who want to better understand the 
medicine. We recognize “the name game” 
– we were the first to say that although 
Indica, Sativa, and Hybrid may be great 
for morphological designations, they 
do not tell us consistently about causing 
medical effects. To move forward, we 
have to clarify this from a chemotype or 
chemical composition perspective. First 
and foremost, you need to do your job as 
a scientist, and I think everyone has high 
regard for our scientific integrity.

What is your priority right now?
Alerting everyone to the word “terpene” is 
a big one. In 2011, we started offering that 
test for free, because even though I assured 
people it was really important, some 
thought we were just trying to make more 
money. Today, people understand – they’re 
talking about the ensemble or entourage 
effects. It also became a defined term on 
the street, and that’s when we really started 
to make an impact. It’s also important to 
me to make everyone aware that there are 
other molecules present, which makes the 
whole composition much more interesting 
than just a single molecule. 

What inspires you about the field?
People seem to have embraced cannabis 
as a “cure all” without understanding 
the compositions we’re talking about; it’s 
essential to know which medicines are 
helping whom and why. Does it have the 
same composition? Do we take the same 
dose each time? How many different 
ways can we consume it? It’s very broad, 
diverse and complex – and that’s why 

it’s important to have people who are 
motivated to drill down scientifically. We 
still only talk about two cannabinoids, and 
there are over 100! There’s a whole iceberg 
here and we’re only scratching the tip. But 
that makes it more exciting intellectually. 

How does it compare with other fields 
from an analytical point of view?
The analytical tools are the same as for any 
pharmaceutical or natural product, but it’s 
challenging from a complexity standpoint. Its 
consistency varies because it’s an agricultural 
product, too – so we need to consider how it 
is cultivated or produced. What’s interesting 
about cannabis is that it’s a confluence of 
agriculture, food, dietary supplement and 
hardcore pharmaceutical medicine. All of 
those may be at play depending on which 
final path you go down. 

For example, pesticides can be like needles 
in the proverbial haystack. Failing a pesticide 
test could cost somebody their entire crop, 
livelihood or future. How do I make sure 
I’m right if someone’s license is on the line? 
We like to try and stay on the bleeding edge 
of technology, but we push those tools to 
the limits. It is not for the faint of heart in 
terms of complexity or intellectual challenge! 
Having said that, analytical technology is 
super sensitive and super capable – I don’t 
think there’s much that can be improved. 
It’s physical chemistry – the behavior of the 
molecules – that you’re battling. 

What (more) would you like to achieve in 
your career?
I would like to open people’s minds 
to looking at plants and natural-based 
resources, so that we can use sustainable 
products. This plant is probably the first 
one – and it’s a huge one – but it shouldn’t 
be the last. If we can lead with science, we 
can encourage the right conversations and 
push this in the right direction. Once we 
recognize the wonderful utility that this 
plant has to offer, we can finally get access to 
it. If I could help broaden that conversation, 
I would feel exceptionally proud. 
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