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News

New Cannabis Science Podcast

Agricultural Genomics Foundation (AGF), a nonprofit
dedicated to scientific cannabis research has sponsored
a new podcast called “Cannabis Science Today,” which
will focus on the scientific and medical research in the
cannabis field. Each episode will reportedly be a conversational, wide-ranging interview with a notable scientist
or physician researching cannabis. The podcast is available to play on the Agricultural Genomics Foundation
website and for download on Apple Podcasts, Spotify,
and Google Play.
Emily Fata is the host of the podcast as well as one
of AGF’s board members and a business development
consultant and writer who examines trends in cannabis
science and business. The podcast will reportedly cover
the fields of neuroscience, psychology, medicine, and biology. The first seven episodes are available now:
• Episode 1: Terpenes are King featuring Dr. Cindy
Orser, Chief Science Officer for Digipath Labs and one
of AGF’s board members
• Episode 2: Treating Epilepsy with Whole Plant Cannabis
featuring Dr. Barbara Brett Green, Psychology
professor at Colorado State University
• Episode 3: Treating Epilepsy with Pharmaceutical CBD
featuring Dr. Catherine Jacobson, Neuroscientist and
VP of Regulatory Medical Affairs at Tilray
• Episode 4: Cannabis & Cognition featuring
Dr. Cinnamon Bidwell, the founder and director of
University of Colorado (CU) Center for Research and
Education Addressing Cannabinoids and Health
(REACH) and also the cofounder of the mobile lab
Cannavan
• Episode 5: Sativa or Indica: Unlocking the Cannabis
Genome featuring Dr. Daniela Vergara, an
evolutionary biologist, founder, and director of AGF
and cofounder of the Cannabis Genomic Research
Initiative (CGRI) at CU
• Episode 6: CBD & Stress featuring Dr. Monika Fleshner,
neuroscientist at CU Boulder.
• Episode 7: Innovation in Cannabis featuring Jon
Vaught, CEO of FrontRange Biosciences
You can learn more at agriculturalgenomics.org/podcast/.

Resource Innovation Institute
Publishes Best Practices Guides
for Cannabis Cultivators

CNST0120_09_News.indd 9
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References
1) https://resourceinnovation.org/
resources/#published-studies.

The Resource Innovation Institute (RII) recently published
its Best Practices Guides on LED Lighting for Cannabis

VOL 3 • NO 1 • JANUARY/FEBRUARY 2020

Cultivation and Controlled Environment Agriculture
and HVAC for Cannabis Cultivation & Controlled Environment Agriculture (1). The guides were developed by
RII’s Technical Advisory Council (TAC) (2), which consists of leading cultivation, engineering, technology,
and energy efficiency experts from more than 20 organizations specializing in lighting and HVAC. Members were carefully selected by RII based on depth of
knowledge, proven track record in energy conservation,
and level of influence in the industry.
According to RII, the aim of the guides is to increase
efficiency throughout the cultivation industry, which will
yield environmental benefits and cut costs for growers.
The guides are relevant to any grow environment using
lighting or HVAC systems during any stage of cultivation.
“Cannabis cultivation only recently emerged from the
shadows and, generally, wisdom about operational practices has been closely guarded. Now as the industry matures and cost pressures are universal, nearly everyone is
realizing it’s in their own best interest to share best practices. We have an immense opportunity as an industry to
raise the bar on performance, compete on quality, reduce
environmental impacts and continue to improve our reputation as a responsible economic contributor,” said Derek
Smith, Executive Director, Resource Innovation Institute.
Best Practices on LED Lighting for Cannabis Cultivation & Controlled Environment Agriculture helps cultivators develop expertise on:
• Speaking the language of horticultural lighting
• Reviewing manufacturer’s documentation to evaluate
purchasing options
• Understanding crucial considerations when selecting
LED lighting
• Installing and operating successful LED lighting
solutions in alignment with any given business model
Best Practices on HVAC for Cannabis Cultivation &
Controlled Environment Agriculture covers:
• Energy and power
• Environmental conditions
• General HVAC
• Energy efficiency
• Construction
• Cultivation key performance indicators (KPIs)

2) https://resourceinnovation.org/press-release/
resource-innovation-institute-announces-two-newtechnical-advisory-council-working-groups/.
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Cannabis Analysis

S

Dispelling Cannabis Analysis
Calibration Myths
This column introduces the basic concepts of instrument calibration. Then we examine how
instruments are calibrated, how to measure their quality, and examine the calibration myths in our
industry. The column concludes by dispelling these myths.
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Brian C. Smith

example, it has developed an SRM
for the green tea industry to improve
the accuracy and precision of its analysis (7). In a recent conversation with
NIST, I discovered they are working
on a hemp SRM, which should greatly
help many of the problems with hemp
analysis (8).
Once an agreed upon standard exists, it is used to calibrate an instrument. A common example is calibrating a scale that measures mass in
grams. This is done by placing standard weights on the scale, noting the
value given, and adjusting the scale
so the measurement is correct. The
standard weights are often what is
called “NIST traceable,” which means
they have been developed in accordance with NIST’s standards. Another
example of a calibration is the use of
Beer’s Law, which relates the amount
of light absorbed by a sample to concentration (9). For example, when a
high performance liquid chromatograph (HPLC) with an ultraviolet-visible (UV-Vis) detector is calibrated, solutions of known concentration of the
analyte, such as tetrahydrocannabinol (THC), are injected into the system. The amount of light absorbed
is measured and plotted versus the
known concentration in the standards,
generating what is called a calibration

line. An example Beer’s Law calibration line is seen in Figure 1.
Once a calibration line is generated, the concentration in unknown
samples can be determined by measuring the absorbance and using the
calibration line equation to predict
concentration in the unknown.
The scale and HPLC examples
above are what are called primary calibrations, the instruments were calibrated directly using known standards. In a recent article, I discussed
the use of infrared (IR) spectroscopy
for cannabis potency analysis (9). One
of the advantages of this technique is
that it can look at cannabis and other
samples directly with little or no sample preparation. That is, one does not
have to break down the sample into
pure components to measure concentrations (9). Despite what some
people claim, IR spectroscopy is
quantitative and in combination with
Beer’s Law IR spectrometers can be
used to determine concentrations of
chemical species in samples (for more
details I refer you to my book on the
subject [10]). IR spectrometers are capable of measuring absorbances with
high accuracy and precision (11), however, the peak size and area cannot
be used by themselves to determine
concentration directly. Instead, the
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nalytical chemistry can be defined as the science of identifying and quantifying the
chemical species in matter (this is my
definition, happy to entertain your
thoughts on this). Calibrate (verb)
means to determine, check, or rectify . . . any instrument giving quantitative measurements (1). Many chemical
analysis methods are geared towards
measurement of concentrations of atoms or molecules in samples, and of
course these days this is done with
chemical analyzers or instruments (2–
5). These instruments do not magically produce correct answers out of
the box, any instrument that measures anything needs to be calibrated—that is, be set up to ensure that
it is giving the correct readings. To do
this one must have standards, which
are samples containing known values
of the quantity that the instrument to
be calibrated will measure. At the end
of the day, in science the most fundamental standards are those that define basic units like mass, length, and
time. In the U.S., it is a federal agency called the National Institutes of
Standards and Technology (NIST)
that “sets the standard” for standards
(6). Amongst its other duties, NIST
develops standard reference materials (SRMs) for specific industries. For
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Separation of Eight Cannabinoids
With the recent legalization of both medicinal and recreational marijuana in the United States, analysis of individual cannabinoids has
captured the public’s interest at a new level. As such, many new cannabis products are now available, i.e., edibles, vaporizers, and extracts
to name a few. The increased marketability of the product has incited consumers to take a greater interest in the quality and craft ability
of the products being sold. Through the quantification of individual cannabinoids, the consumer can make an informed decision about the
possible effects they could expect from the products they purchase. Therefore, the need for accurate, robust, and affordable analysis tools
are of the upmost importance.
With health, safety, and edibles dosing as the primary motivation,
Hamilton Company developed an HPLC method that isolates
eight major cannabinoids. The HxSil C18 (3 µm) column provides
an accurate, cost effective, and robust solution that can be used
in any HPLC system.
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Absorbance versus Concentration
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Figure 1: A Beer’s Law calibration line, a plot of known
concentration from standards versus the measured amount of
light absorbed.

Correlation Chart Hemp Total THC
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Figure 2: A correlation chart plotting weight percent total THC
values as measured by HPLC versus as measured by mid-IR
spectroscopy for the same sample set.

spectrometer must be calibrated with samples of known
analyte concentration. For cannabis potency measurements, IR spectrometers are calibrated by running a set of
cannabis samples on a spectrometer, measuring the absorbances, and then running the same samples by HPLC
at a third party, state licensed, ISO certified laboratory (12).
One then constructs a correlation plot of the concentrations as determined by HPLC versus as determined by IR
spectroscopy to determine the quality of the IR spectrometer’s calibration. An example of this for the determination
of total THC in hemp by mid-IR spectroscopy is seen in Figure 2 (12). Since IR spectrometers must be calibrated using
data from primary methods such as HPLC, it is correct to
say that IR spectroscopy is a secondary method.

Calibration Myth 1 Dispelled: Primary Methods
Are Always Better than Secondary Methods
Which brings me to the first calibration myth I need to dispel.

CANNABIS SCIENCE AND TECHNOLOGY
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I have heard people in this industry say, “Primary methods
are always better than secondary methods.” This statement
is unscientific on its face. What criteria are being used to
judge the methods? Based on whose peer-reviewed scientific work? Remember from the last column the Golden Triangle of chemical analysis, where the criteria used to judge
a method are accuracy, speed, and cost (9). This means the
“goodness” of a method must be determined within the
context of its application. As I pointed out in the last column, chromatographic measurements are accurate but are
slow and expensive, and spectroscopic measurements are
typically not as accurate but are faster and cheaper. Within
the context of cannabis potency testing, I argued that chromatography is great for laboratory testing, and that IR spectroscopy is better suited for in-field testing (9). There are no
absolutes about one technique being “better” than another, it’s all about how fit a method is for its anticipated purpose. Thus, primary methods are not necessarily better than
secondary methods, and secondary methods are not necessarily better than primary methods, they each must be
judged on their own merits.
Figures of merit for a calibration include accuracy and
precision, which we have discussed previously (13). Additionally, when plotting lines as in Figures 1 and 2, the
agreement between the x-axis and y-axis data is measured using a metric called the correlation coefficient (R2)
(10). If the two sets of data are in perfect agreement, that
is if the two techniques are in perfect agreement, an R2 of
1.0 is achieved. This is of course an impossibility because
of the existence of error in all measurements (13). If there
is absolutely no correlation between the data, an R2 of 0 is
obtained. Of course, the closer to 1 the R2 is the better. If
you look closely in Figure 1, the R2 value is labeled on the
plot at 0.99, whereas in Figure 2 it is labeled as 0.95. This
means that the data sets in Figure 1 agree better with each
other than in Figure 2, but this does not necessarily mean
one calibration is better than another. Again remember . . .
speed, accuracy, and cost, not just accuracy, are the criteria that should be used when evaluating calibration quality.

Calibration Myth 2 Dispelled:
Cannabis Potency Measurements Are Accurate
Recall that accuracy is a measure of how far off a measurement is from its true value (13). The true values are typically provided by NIST standards and NIST standard reference materials. For example, for the analysis of green tea
there exists a standard sample of known composition that
can be used to check an instrument’s calibration and can
be used as a comparison for round-robin studies across
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different laboratories (7). Thus, the determination of accuracy in green tea analysis is possible because there exists
a standard reference material of known composition—that
is, there exists a true value.
The opposite is true with cannabis potency analysis.
There are no standard reference cannabis plant materials
or oils. This means there are no true values, and no way to
check the calibration of chromatographs and spectrometers, or to legitimately compare potency results across
different laboratories. This in part explains the inter-laboratory variation problem in cannabis analysis—that is,
different laboratories obtaining significantly different results on the same samples (14–16). Given that there are no
“true” values in cannabis analysis, there is no way to ascertain the accuracy of any potency analyses regardless
of instrumental technique. That is not to say that precision
cannot be determined. Recall that precision is how much
spread there is in the determination of a value for a given
sample or set of samples (13). For example, precision can
be determined by running the same sample three times
and looking at the variation in the results. Therefore, my
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recommendation to cannabis businesses is to send multiple portions of the same sample to multiple laboratories,
determine which one has the best precision, and then use
that laboratory exclusively going forward. This way you can
trust changes in values are real, and that comparisons of
data over time are legitimate. This problem is solvable by
development of NIST traceable cannabis reference materials (8). However, until that happens, potency accuracy in
cannabis analysis is a myth.

Calibration Myth 3 Dispelled: Cannabis
Businesses Shouldn’t Perform In-House Testing
Since state regulations require compliance testing be performed by third party laboratories, some people in this industry believe that they must do all their testing at third
party laboratories. I guess this stems in part from the idea
that the methods used by third party laboratories are the
only ones allowed, and that an in-house tester will never
be as accurate as a third party laboratory.
This is simply not true. In other regulated industries,
such as in the pharmaceutical industry, in-house testing
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is commonly done and required and blessed by the U.S.
Food and Drug Administration (FDA). This is part of my
“Cannabis is Medicine . . . Test it Like Medicine” mantra I
have been trying to instill in the industry (17). When running a cannabis business, third party laboratory testing is
impractical because it is slow and expensive; you can’t run
an extraction process or optimize a grow if it takes two
weeks to get results back. Now, last column I compared
and contrasted laboratory versus in-house testing (12). Remember it’s not just about accuracy, but speed, accuracy, and cost. If your in-house testing method is accurate
enough, fast enough, and affordable enough for you to
make business decisions, it is fit for its purpose.
The problem faced by in-house cannabis analyzer makers (18) is what reference values to use for calibration given the problem of inter-laboratory variation (14–16). Similar to my advice for cannabis businesses, in this case
instrument manufacturer’s need to find a laboratory they
trust and use their readings going forward until the inter-laboratory variation problem goes away. Until cannabis SRMs are available, we should as an industry decide
upon a “golden” HPLC potency method and standardize around this. I believe the method of Giese, Lewis, and
Smith should be used (19).

Conclusions

6) www.nist.gov.
7) https://www.nist.gov/image/
greenteastandardreferencematerialsrmjpg.
8) https://www.nist.gov/programs-projects/nisttools-cannabis-laboratory-quality-assurance.
9) B.C. Smith, Cannabis Science and
Technology 2(6), 10–14 (2019).
10) B.C. Smith, Quantitative Spectroscopy: Theory and
Practice (Elsevier, Boston, Massachusetts, 2002).
11) B.C. Smith, Fundamentals of Fourier Transform
Infrared Spectroscopy, 2nd Edition (CRC
Press, Boca Raton, Florida, 2011).
12) B.C. Smith, Cannabis Science and
Technology 2(6), 28–33 (2019).
13) B.C. Smith, Cannabis Science and
Technology 1(4), 12–16 (2018).
14) B.C. Smith, P. Lessard, and R. Pearson, Cannabis
Science and Technology 2(1), 48 (2019).
15) B.C. Smith, Cannabis Science and
Technology 2(2), 12–17 (2019).
16) B.C. Smith, Cannabis Science and
Technology 2(3), 10–14 (2019).
17) B.C. Smith, Cannabis Science and
Technology 2(4), 12–14 (2019).
18) www.bigsurscientific.com.

The science of instrument calibration was introduced, and
the importance of standards and standard reference materials was emphasized. When evaluating a calibration for use
accuracy, speed, and cost should all be considered. The correlation coefficient as a measure of calibration quality was introduced. The idea that primary calibration methods are better than secondary methods was dispelled. Given the current
lack of SRMs in this industry, the myth of cannabis potency
measurements was dispelled. Finally, the importance of inhouse testing for the cannabis industry was established.

19) M.W. Giese, M.A. Lewis, L. Giese, and K.M.
Smith, J. AOAC Int. 98(6), 1503 (2015).
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Talking Extraction: Continuous-Flow
Extraction, Quality Control,
Challenges, and More
Dr. Steven Splinter, Radient Technologies, Inc., discusses his role in extraction and manufacturing
in Canada.
Megan L’Heureux

A

s the cannabis industry shifts towards more regulations and safety standards, it’s essential for companies to produce reliable and reproducible materials
for their consumer products. Extraction companies across the
world will be tasked with processing materials accurately and
consistently. We recently spoke with Dr. Steven Splinter, CTO
and founder of Radient Technologies, Inc., to find out how his
company is tackling some of the issues facing extractors. Here,
Dr. Splinter shares some insight into how his company handles
cannabis extraction, quality control, challenges, and more.

How did you first get involved in cannabis extraction?
Dr. Steven Splinter: I founded Radient in 2001—and believe
me I had no idea back then that I would one day be working with cannabis! The company began as a botanical extraction and ingredient manufacturer, but it wasn’t until 2016, after
the government of Canada began the process of legalizing
cannabis federally, that we began to look seriously at working with cannabis. We recognized that with these favorable
changes coming with respect to cannabis legislation, that
there was going to be a very significant need to extract cannabinoids with a higher efficiency. We saw the opportunity to
capitalize on the industry’s desire to partner with a reputable
extraction expert that was able to offer product manufacturing under strict quality systems, while possessing the capacity
necessary to meet demand. So, here we are in 2020, and Radient has pivoted from a botanical extraction and ingredient
manufacturer to a cannabis extraction and ingredient manufacturer, because the demand has been so great.
How does your extraction technology differ from other extraction methods on the market? Are you using any
other extraction methods?
Splinter: There are a number of ways that Radient’s extraction technology differs from other existing methods. First,
our method is a continuous-flow extraction process rather
than the industry standard, which is batch processing. This
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allows us to process much greater volumes of raw material
without having to stop and restart material flows, and also
means we can scale-up to these higher throughputs very
easily, without the need for costly additional machine time
and human labor. It also allows us to have precise control
over extraction time and temperature, so that the negative effects typically associated with heating are minimized.
Also, because the material is extracted at the same time
and temperature, we can achieve better extraction efficiency and recover more cannabinoids from the biomass—up
to 99%, whereas comparative methods achieve 70–80% recovery of cannabinoids.
Second, our method avoids additional purification steps
such as winterization, which takes 24 hours or more to complete and is required by other extraction processes to remove undesirable elements from the extract (fats, waxes,
pigments, and so on). This allows us to maintain high overall process efficiency, because we avoid additional cannabinoid losses that can happen during these additional purification steps. In addition, we can minimize the losses of
other components such as terpenes and therefore maintain
more of the full plant profile.
What kind of quality control and testing measures are
used in your manufacturing facilities?
Splinter: We are Health Canada approved and good manufacturing practice (GMP) compliant, so the quality control and testing measures are very high-level. We have
well-established quality systems including on-site quality
control laboratories. Even the level of security we have is
very high-level and very thorough. Making ingredients and
products that are safe, consistent, and properly labelled is
extremely important to us.
What is the biggest challenge facing cannabis processors
and manufacturers that want to do their own extractions?
Splinter: I would say that there are three very
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important considerations a processor must consider when deciding to do their own extractions:
1. the extraction efficiency that can
be expected from the chosen method (defined as the percentage of available cannabinoids that are recovered
through the entire process); 2. the ability to scale up to meet demand; and 3.
the ability to repeatedly achieve optimal product quality to ensure product
safety and consistency.
Anyone can extract at relatively
small scale by purchasing the appropriate equipment—which is the case
with, for example, supercritical CO2,
and other conventional solvent extraction methods. However, often the extraction efficiencies for those types of
equipment are not great. Also, when
you want to scale up to much larger
quantities, you need to keep purchasing more equipment to scale up, which

becomes expensive. These methods
also require repeatedly stopping and
restarting material flows, which is time
consuming and laborious—you need
to have people there to monitor this
process. Another drawback of these
methods is that it is difficult to ensure
that extracts are consistent across
batches, so consistent potency of the
product is difficult to guarantee.
Our technology can easily scale-up
to processing much larger quantities
because it is a continuous-flow process,
meaning there is no stopping and restarting of material flows. This allows
us to process much larger throughputs,
much faster, with minimal human labor or intervention. It also simplifies the
GMP requirements, reducing the overall quality assurance costs. Finally, we
can achieve much greater extraction
efficiency (up to 99%) from the biomass,
and so can ensure optimal economics.

17

Do you foresee cannabinoid products expanding in the future? Will
there be CBN and CBG products?
Splinter: In short, yes. The more research is done on the benefits of these
lesser known and lesser understood
cannabinoids, the more we will begin
to see the demand for these products
start to increase. CBN, for example, has
been shown to work well as a sleep aid,
but it has also been shown to help regulate the immune system, and relieve the
pain associated with inflammation.

This interview has been edited for
length and clarity. To read the full interview with Dr. Steven Splinter please visit:
www.cannabissciencetech.com/extraction/talking-extraction-continuousflow-extraction-quality-control-challenges-and-more.
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Debugging the System:
Understanding Pests,
Pest Control, and Pesticides

The reduction of crop loss from pest damage is often one of the most important goals in agriculture.
The cannabis industry is now being called to task to account for the use of modern pesticides in
their efforts. But, pest control in our modern times is a complex set of management strategies that
include a variety of different tools in the arsenal. In this column, we examine the history of pest
control and the strategies of modern pest management, including pesticides. By understanding the
different approaches of pest management, the chemistry of pesticides, and life cycles of pests the
cannabis industry can create better strategies not only to protect their products but also increase
their output through better pest control systems. We examine some of the most common pesticides
monitored within the cannabis industry and break down the function and chemistry of these agents
in cannabis pest control.

P

est control is often considered
to be a modern invention born
of the chemical revolution at
the turn of the last century. It is true
that chemical pest controls are a
relatively recent invention, but the
practice of pest management is the
product of evolution and biological
relationships. The first acts of pest
control were simple techniques
such as fire to ward off dangerous
predators or mud to cover the skin
from biting insects. As agriculture
came into existence, techniques increased from personal protection
to include protection and expansion of crops. At its heart, the need
to control pests is an expression of
the control of species relationships.

Biology of Species Interactions
All the variations of interactions of
species can be simplified into three
basic scenarios. The first is mutualism in which the organisms involved
actions benefit one another. An example in nature is the codependence of plants on nitrogen fixing
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bacteria in their roots. Each organism gains from the interaction. A
human example could be some agricultural interactions such as with
fruit trees where the humans gain
food and the plant is cared for and
seeds are spread.
The second type of interaction
is
commensalism.
Commensalism is species interactions in which
one species benefits and the other species neither is benefited nor
harmed. Examples of these interactions include the relationship of epiphytes such as orchids which grow
on trees. The trees do not benefit
from the orchid but are not harmed.
The third basic type of interaction is one of the most complex interactions—parasitism or predation.
In these interactions, one species
benefits but the other species is either harmed or killed. It is these interactions that started the need for
pest management.

History of Pest Management
Prior to the industrial and chemical

www.CannabisScienceTech.com

revolution of the 19th and 20th centuries there was a slow and ongoing
battle with simple tools and chemicals. The early chemical weapons
were elemental compounds of sulfur, heavy metals, and salts. Some
of these compounds were in use
up through the present day. Elemental sulfur was one of the earliest known pesticides used to deter lice and other pests. Heavy
metal compounds were popular because of their toxicity. Arsenic compounds were highly effective against insects, bacteria, and
fungi by binding with biologically important thiols and interrupting
enzymatic processes, such as adenosine triphosphate (ATP) production. Mercury compounds also have
an affinity for thiols and disrupt biological processes. Lead compounds
act as a calcium analog and block
calcium driven processes in the organism, such as heme synthesis.
These inorganic compounds lasted a long time and were not easily degraded. Unfortunately, they
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Table I: IRAC pesticide groups by action and type (2)
Action

Nerve and
muscle

Group #

Type

Pesticide Groups

1

Acetylcholinesterase (AChE) inhibitors

1A: Carbamates
1B: Organophosphates

2

GABA-gated chloride channel blockers

2A: Cyclodiene organochlorines,
2B: Fiproles

3

Sodium channel modulators

3A: Pyrethroids, Pyrethrins
3B: DDT, Methoxychlor

4

Nicotinic acetylcholine receptor (nAChR)
competitive modulators

4A: Neonicotinoids
4B: Nicotine
4C: Sulfoximes
4D: Butenolides
4E: Mesoionics

5

Nicotinic acetylcholine receptor (nAChR)
allosteric modulators

Spinosyns

6

Glutamate-gated chloride channel (GluCl)
allosteric modulators

Avermectins, Milbemycins

9

Chordotonal Organ TRPV Channel Modulators

9B: Pyridine azomethine derivatives
9D: Pyropenes

14

Nicotinic acetylcholine receptor (nAChR)
channel blockers

Nereistoxin analogues

19

Octopamine receptor agonists

Amitraz

22

Voltage-dependent sodium channel blockers

22A: Oxadiazines
22B: Semicarbazones

28

Ryanodine receptor modulators

Diamides

29

Chordotonal Organ Modulators - undefined
target site

Flonicamid

30

GABA-gated chloride channel allosteric
modulators

Meta-dimides, Isoxazolines

32

Nicotinic Acetylcholine Receptor (nAChR)
Allosteric Modulators - Site II

GS-omega/kappa HXTXHv1a peptide

often leached into the ecosystem, wreaking havoc on
local wildlife and posing a health threat to its human
inhabitants.
Over the centuries science moved from religion and
magic to practical study. The disciplines of chemistry
and biology were founded, opening up studies into
chemical compounds, reactions, and chemical synthesis. Pest control methods grew and benefited from this
pursuit of knowledge. The 19th century saw the start of
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chemical synthesis and the rise of chemical pesticides.
At first, chemicals were extracted and purified from
their botanical sources. It was at this time that nicotine
compounds were purified from tobacco, pyrethrums
were extracted from flowers, and rotenone was isolated
from roots. Compounds were blended and produced
for the purpose of pest control. In 1814, an inorganic compound of copper (II) acetoarsenite called “Paris Green” was introduced as a pigment. By 1867, Paris
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Table I (continued): IRAC pesticide groups by action and type (2)
Action

Group #

Type

Pesticide Groups

7

Juvenile hormone mimics

7A: Juvenile hormone analogues
7B: Fenoxycarb
7C: Pyriproxyfen

10

Mite growth inhibitors

10A: Clofentezine, Diflovidazin, Hexythiazox,
10B: Etoxazole

15

Inhibitors of chitin
biosynthesis affecting
CHS1

Benzoylureas

16

Inhibitors of chitin biosynthesis, type 1

Buprofezin

17

Molting disruptor, Dipteran

Cyromazine

18

Ecdysone receptor agonists

Diacylhydrazines

23

Inhibitors of acetyl CoA carboxylase

Tetronic and Tetramic acid derivatives

12

Inhibitors of mitochondrial ATP synthase

12A: Diafenthiuron,
12B: Organotin
12C: Propargite
12D: Tetradifon

13

Uncouplers of oxidative phosphorylation via
disruption of the proton gradient

Pyrroles, Dinitrophenols, Sulfuramid

20

Mitochondrial complex III electron transport
inhibitors

20A: Hydramethylnon,
20B: Acequinocyl
20C Fluacrypyrim
20D: Bifenzate

21

Mitochondrial complex I electron transport
inhibitors

21A: AMETI acaricides and insecticides,
21B: Rotenone

24

Mitochondrial complex IV electron transport
inhibitors

24A: Phosphides
24B: Cyanides

25

Mitochondrial complex II electron transport
inhibitors

25A: Beta-ketonitrile derivatives
25B: Carboxanilides

11

Microbial disruptors of insect midgut
membranes

11A: Bacillus thuringiensis
11B: Bacills sphaericus

31

Baculoviruses

Granuloviruses,
Nucleopolyhedroviruses

8

Miscellaneous non-specific (multi-site) inhibitors

8A: Alkyl halides,
8B: Chloropicrin
8C: Fluorides
8D: Borates
8E: Tartar emetic
8F: Methyl isothiocyante

UN

Compounds of unknown or uncertain MOA

Lime sulfur, sulfur, azadirachtin,benzoximate,
bromopropylate, dicofol, chinomethionat, mancozeb,
pyridalyl

Growth

Respiration

Midgut

Nonspecific
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Na+

(a)

Na+

(b)

Figure 1:

Examples of modes of action: (a) agonist action
keeping channel open and (b) antagonist action blocking channel.

Green was widely sold as an insecticide and rodenticide, which was produced up until the 1960s.
During the Victoria era, traditional pest controls were
investigated and their chemicals identified and isolated. As a result, all of the chemical compounds that were
historically available in their botanical forms (for example, rotenone in roots and pyrethrums in chrysanthemums) were purified for commercial and home use, and
elemental compounds were blended to create more efficient pesticides. The humble beginnings of simple,
natural repellents and physical pest controls grew into
chemical and agricultural industries seeking out new
and improved methods.

Modern Pest Management
Modern pest management and control is an increasingly diverse science with thousands of different management strategies. More recently, pest control efforts
have evolved into management strategies. The management strategies are developed around three goals:
repel pests or prevent predation; control the life cycle
of the pest and stop damage or predation; and eliminate or kill the pest. These three goals depend upon
three basic types of pest control groups: physical controls, biological controls, and chemical controls. Physical control mechanisms are strategies that include nets,
fences, smoke, and fire which create barriers to limit
contact between predator and prey. Biological controls
use other organisms to control target pests by exploiting other natural predator-prey relationships. Examples
of this type of control are very diverse from companion
planting to use of predator insects such as lady bugs or
praying mantis in gardens. The ways biological controls
are implemented can be by importing native or nonnative predators to an area that is without a predator, or
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by augmenting the native predator concentration. A final method of implementing biological control is conservation or increasing of predator habit or conditions
to increase predator growth.
The most popular strategy of modern pest control
is chemical controls. Chemical controls are poisonous
substances that control organisms that are harmful to
human or animal health (biocides and pesticides). Pesticides are substances intended to prevent, destroy, repel, or mitigate any pest. They also are plant regulators,
defoliants, or desiccants. The classes of pesticides include all the target groups of biota from bacteria (bactericides) to large predators (predacides). In agriculture,
we are most familiar with insecticides, fungicides, and
herbicides with herbicides being the most widely used
type of pesticide (1).
All pesticides are either broad spectrum (nonselective) or narrow spectrum (selective) in their target species. Broad spectrum pesticides kill or incapacitate a
wide variety of species, which was common among
many early pesticides such as heavy metals and DDT.
Narrow spectrum pesticides target specific groups of
organisms, such as an antimicrobial agent.

Pesticide Application and Mode of Action
Most pesticide compounds are not applied as pure materials, but are often combined to facilitate application,
delivery, and efficiency of the pesticide. Pesticide formulations often include more than just the active ingredients. Additional chemicals such as solvents or substrates are added to aid in the final form of the applied
pesticide (liquid, solid, gas, or aerosol) or in application (dispersants, carriers, and stabilizers). The active
ingredients are the either natural or synthetic substances that will kill or disable the targeted pest.
Pesticides can be applied to maximize the vulnerable life cycle stages of pests. Efficient pest management
strategies depend on several factors including the life
cycle of pests, timing of pesticide application, selection
of strategy to accomplish the goal (regulate, control, or
destroy), and the mode of action of the pesticide. Some
agents are applied as protectants prior to the planting
or laying of eggs or seeds. Agents can be applied prior
to emergence of the pest from the egg, seed, or larval
state. Finally, agents can be applied to eradicate pests
after emergence. Pesticides are delivered to the pest
organism by inhalation, ingestion, or absorption.
Modes of action in pesticides define the systems, processes, or organs which are targeted by the pesticide.
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Biological systems such as growth, respiratory, circulation, or digestive systems are the target of some pesticides. Other agents target specific biological pathways
or processes to stop, limit, or control those processes such as reproduction. Finally, there are agents that
target specific cellular locations to control or limit cellular functions such as controlling ATP production or
blocking neurotransmitters. The most common modes
of action are: agonists (activators) which bind to a receptor to illicit a response or antagonists (disruptors,
inhibitors, or blockers) which bind to a receptor to stop
a response or modulators which control reaction rates
(Figure 1). The ways in which these actions are accomplished are most often by either mimicking natural process chemicals or by creating barriers that block channels and processes.

Pyrethrins were some of
the earliest isolated chemical
pesticides and helped move
pest control from natural sources
to chemically manufactured
materials.
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effect where the potency or action is increased by the
combination of agents. There is also an opposite or antagonistic chemical incompatibility. These incompatibilities can be issues of physical insolubility, chemical
precipitation, or unintentional toxicity. Potentiation occurs when the combination of two or more compounds
becomes more toxic than the individual components.
This effect is usually not intended by the formulator.
Therefore, it is important to understand the chemical
nature of the pesticides being used to determine if they
can be combined safely in a way that does not work to
the detriment of the goal of pest control.

The Common Cannabis Pests
Just like any other agricultural crop, cannabis is subject to a wide variety of pests from the smallest viruses (Tobacco Mosaic Virus) to animals such as birds, rodents, and burrowing animals. But, some of the most
destructive and common pests for cannabis are insects
and fungi (Table II).
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The modes of action of pesticides are a key component to a management program, which maximizes performance and efficacy of selected pesticides and reduces the possibility of pesticide resistance. Resistance
occurs when the targeted pest is no longer controlled
by the pesticide because of repeated exposure. Management strategies try to minimize resistance to any
one agent by changing agents or targets throughout
the season. The Insecticide Resistance Action Committee (IRAC) grouped pesticides according to target process and mode of action. The targets include nervous
and muscular system pesticides, growth inhibitors, respiratory pesticides, midgut pesticides, and nonspecified action (Table I).
The development of a pest management strategy involving pesticides must also consider the chemical and
environmental concerns of the agents being applied
and how those agents will react with each other and
the environment. Chemical compatibility is when two or
more chemicals can combine safely. The combination
could produce a synergistic action in which each chemical is aided by the addition of the other or an additive
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Navigating the Labyrinth

Table II: Common cannabis pests
Insects

Fungi

Aphids

White powdery leaf mold

Mites

Bud rot

Whiteflies
Leaf miners
Caterpillars
Ants
Root maggots
Fungus gnats
Thrips
Cochineals

Some of these common parasites and pests can be
effectively treated by combinations of pesticides with
different modes of action (where permitted by state
regulation and registry) (see Table III). The most applicable against a variety of common cannabis pests are
the broad spectrum nervous system disruptors (Groups
1, 2, 3, and so on), which include organochlorine pesticides, pyrethrins, and neonicotinoid pesticides.
Since cannabis continues to be a contentious agricultural product under legal debate and U.S. federal restriction, the selection or registration of pesticides for
cannabis crops is still up to discussion and debate. It
has only been within the past few months that the U.S.
Environmental Protection Agency (EPA) has opened
discussion of the issuance of pesticide registrations
for hemp products. The state of Colorado is one of the
more active agencies working to find applicable pesticides for hemp and cannabis use with the majority of
their approved agents being Azadirachtin (Neem Oil),
pyrethrins, and mixtures of botanical and mineral oils.
Azadireachtin is a terpenoid from the neem plant that
acts as a feeding and growth restrictor in insects. By an
action of being an ecdysteroid hormone disruptor, the
compound stops insect molting and development stages and arrests or slows growth and reproduction (3). Pyrethrins are nervous system disruptors that are sodium
channel modulators, which interrupt the normal flow of
sodium ions in and out of the neuromuscular cells and
then cause muscle twitching, spasms, and death (4).
Pyrethrums were one of the earliest biological pesticides originally sourced from Chrysanthemum cinerariifolium and Chrysanthemum coccineum flowers. Pyrethrins were some of the earliest isolated chemical
pesticides and helped move pest control from natural
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sources to chemically manufactured materials. The difficulty, cost, and availability of isolating natural sources of pyrethrins pushed the creation of synthetic pesticides, which are in common use today.

As the
next decade arrives, more
governments and organizations
will become involved in the
regulatory and testing
processes to help the cannabis
industry develop their
own effective pest management
strategies that are effective,
safe, and sustainable
into the future.
Final Thoughts
Since the start of the production boom in the 1940s
to present day, a huge catalog of thousands of insecticides, herbicides, and general pesticides was developed, including organochlorides (DDT, BHC), organophosphates (parathion, malathion, azinophos methyl),
carbamates (aldicarb and carbofuran), and neonicotinoids (imidacloprid and acetamiprid). As modern pesticides develop, there has been a shift to understand and
apply the chemical properties and interactions of pesticides with both the environment and animals other than
the target pests. Early pesticides were for the most part
persistent chemicals that affected the nervous system
of invertebrates. These pesticides had in many cases
limited solubility and persisted for years or decades after delivery. More modern pesticides take into consideration environmental impact and a larger pest management strategy.
Chemical pesticides are now an integral part of the
world’s agricultural arsenal, offering protection to
crops from destructive pests. However, some disastrous side effects of their use include probable leaching of these chemicals into the environment and their
ultimate presence in the human food chain. Because
of this, pesticide residue analysis has become a serious testing process for several laboratories, most lately
cannabis. Each pesticide group in historical or modern
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Table III: Pesticide groups for targeted pests

use has their own set of physical and
chemical properties that can make
pesticide analysis a challenge. If the
complexity of cannabis products are
added into the analysis it can further complicate an already extensive analysis. The lack of clear regulations, documentations, and methods
has over the past decade become a
hurdle to effective pesticide residue
testing. Fortunately, as the next decade arrives more governments and
organizations will become involved in
the regulatory and testing processes
to help the cannabis industry develop their own pest management strategies that are effective, safe, and sustainable into the future.
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MOA Group

Target

Aphids

Whiteflies

Mites

Caterpillars

1A

Nerve

X

X

X

X

1B

Nerve

X

X

X

X

2A

Nerve

X

X

X

X

2B

Nerve

X

3A

Nerve

X

X

X

X

4A

Nerve

X

X

X

X

5

Nerve

X

6

Nerve

X

7B

Growth

X

7C

Growth

X

9B

Nerve

X

X

X

9C

Nerve

X

X

X

10A

Growth

10B

Growth

11

Midgut

X

X

12A

Respiration

X

X

X

12B

Respiration

X

12C

Respiration

X

13

Respiration

X

14

Nerve

15

Growth

X

16

Growth

X

18

Growth

19

Nerve

X

20B

Respiration

X

20C

Respiration

X

21A

Respiration

X

22A

Nerve

X

22B

Nerve

23

Growth

25

Respiration

28

Nerve

UN

Unknown

X
X

X

X

X
X

X

X
X
X

X
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Cannabis Crossroads

New Year, New Cannabinoids
An interview with Giuseppe Cannazza of the Department of Life Sciences at the University of Modena
and Reggio Emilia and the Institute of Nanotechnology of the National Council of Research (CNR
NANOTEC) regarding the discovery of two new cannabinoids—∆9-tetrahydrocannabiphorol (THCP)
and cannabidiphorol (CBDP).
Joshua Crossney

The identification of two new
cannabinoids is extremely exciting.
Please share details on how these
new cannabinoids were discovered.
Are these cannabinoids present
at very low concentrations in most
commercial cannabis strains?
Giuseppe Cannazza: The first
intuition about the possible presence
of a cannabinoid with a seven-term
alkyl chain, in particular CBDP, came
from Dr. C. Citti, who was analyzing
the chemical composition of a
hemp extract by mass spectrometry
(MS). From here I hypothesized that
also the THC counterpart could
be present in a medicinal cannabis
variety since hemp contains very low
amounts of THC-like compounds.
The Italian Ministry of Health gave
us the authorization to study the
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FM2 cannabis variety, which is
produced by the Military Chemical
Pharmaceutical Institute of Florence,
and we were able to demonstrate
our hypothesis. The concentration
present in this variety is extremely
low and probably it does not reach
the effective dose to produce a
pharmacological effect. It should
not be ruled out though that the
concentration of THCP might be
higher in other cannabis varieties,
since this compound has never been
searched for in the plant before.
Thanks to Dr. P. Linciano’s work, we
now have the pure standard.

cannabinoids? Are you currently
working to identify new ones now?
Cannazza: We are going on
with our research to study the
chemical composition of different
cannabis varieties. We started with
cannabidibutol (CBDB) and ∆9 tetrahydrocannabutol (THCB), the
corresponding derivatives with a
four-term alkyl chain, published in
the Journal of Natural Products (2),
then we studied CBDP and THCP.
We are now looking for CBGB,
CBGP, CBCB, CBCP, and so on.

One of the new cannabinoids is
reported to have 30 times affinity
for cannabinoid receptors. What
exactly does this mean? Is this
affinity for a specific receptor type?
Cannazza: THCP was tested in
vitro on CB1 and CB2 receptors
proving to have a 33-fold affinity
for CB1 compared to the data on
THC reported in the literature. This
does not mean that it is active
in vivo. Therefore, Dr. L. Luongo
tested THCP on mice to evaluate its
cannabimimetic activity. The results
suggest that THCP acts similarly to
THC but at lower doses (about half
dose).

You stated that a phytocannabinoid
with a linear alkyl side chain
containing more than five carbon
atoms has never been reported
as naturally occurring. Is this
cannabinoid more likely to cross
the blood-brain barrier? Any other
physiological significance here?
Cannazza: No pharmacokinetic
test was performed on CBDP and
THCP. We can only speculate that
they are more lipophilic molecules
than the respective CBD and THC
and therefore they could cross the
blood-brain barrier more easily
by passive diffusion. However,
the road is still long for a clear
understanding of their biological
activity.

Are
the
high-resolution
MS
techniques you used to find
and identify these cannabinoids
amenable to finding additional

Thank you for sharing information
on
these
groundbreaking
discoveries. Do you have any final
thoughts that you would like to
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n December 30, 2019, researchers from the Department of Life Sciences at the
University of Modena and Reggio
Emilia and the Institute of Nanotechnology of the National Council
of Research (CNR NANOTEC) in Italy published an exciting manuscript
in Scientific Reports on nature.com
identifying two new cannabinoids:
∆9 -tetrahydrocannabiphorol (THCP)
and cannabidiphorol (CBDP) (1). In
this installment of “Cannabis Crossroads,” we gain insights from the
lead author and researcher, Giuseppe Cannazza, regarding these
discoveries.

VOL 3 • NO 1 • JANUARY/FEBRUARY 2020

1/31/20 3:06 PM

Cannabis Crossroads

share here, or any comments on your laboratory’s
future directions?
Cannazza: There is still a long way to accomplish a
comprehensive characterization of cannabinoids in
a cannabis variety, but our work will pave the way for
pharmacologists, toxicologists, and clinicians for
the correlation of the observed biological effects
with the chemical composition of the different
cannabis varieties used.
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Cultivation

Ask the Experts: Cultivation
Leading cultivators and researchers from the cannabis industry—Zac Hildenbrand, Inform
Environmental, LLC; Karan Kapoor, KapoorAg Consulting Inc. (formerly with JC Green Inc. and
Avana Canada Inc.); Autumn Karcey, Cultivo, Inc.; and Roger Kern, Agate Biosciences participate in
this round-table discussion on cultivation.
What is the biggest challenge in cannabis cultivation?
Zac Hildenbrand: Controlling the environment conditions is always a challenge. For example, controlling pests and microbes
is a daunting, yet manageable task; however, trying to prevent
the occurrence of cross-pollinating is sometimes impossible.
This has become more of a prevalent issue with the emergence
of outdoor hemp cultivation that is conducted in the proximity
of outdoor cannabis cultivation. The pollination of hemp with
cannabis pollen or the pollination of cannabis with hemp pollen
can have devastating impacts on an outdoor crop.
Karan Kapoor: The biggest challenge from my point of view
is the lack of scientific ideas in the cannabis industry compared
to the agriculture sector. Because of prohibition, cannabis science is almost 50 years behind compared to agriculture, which
has led to a lot of misinformation in the cannabis industry. For
example, there is not reliable information about the cannabis
strains. An ongoing operational challenge in the industry is between quality assurance (QA) teams and growers. Many experienced growers who came to the legal industry don’t have an
educational base to understand the quality assurance process,
which leads to conflicts. Industry should spend some resources on educating these growers to understand the QA process.
The lack of a “structured breeding” approach in the cannabis
industry is another problem that has led to too many cannabis
strains, the majority of which might not be significantly different
from each other in secondary metabolites contents and quality.
Indoor breeding of cannabis has led to very week plants at disease resistance level which has led to some licensed producers
having lost up to 90% of their crop because of diseases. There
is a large need for developing disease and pest resistance.
Another challenge is the lack of government initiative towards research and development (plant sciences side). Still
governments do not have clear guidelines on grant submission
for cannabis. Cannabis does not fall completely under agriculture, food, or pharmaceuticals, but in a combination of all.
Autumn Karcey: I would say overall the biggest challenge
in cannabis cultivation is producing quality and consistency
while attempting to scale. Many of the methodologies used in
small scale cultivation do not scale well and it becomes counter intuitive like trying to turn a liquor store into a Costco, the
same rules don’t always apply. Understanding thresholds of
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large scale processing while not impeding on quality is key
and can be a challenge for any company.
Roger Kern: It depends. For the grower starting out, it’s a
matter of finding the proper strain and matching it to the
proper environment. For larger growers, it’s all about efficiency: efficiency of energy and efficiency of labor. Efficiency of labor means designing your facility with a proper workflow and
choosing technology that minimizes the labor involved and
people’s interaction with the plants. The fewer people, the
less likely for them to bring diseases into the controlled-crop
environment.
What type of cultivation (greenhouse, outdoor, controlled-environment agriculture) do you find the most effective for your plants?
Hildenbrand: Each of these different modalities has their
merits. For example, indoor cultivation allows for control of
the environmental conditions as well as the use of advanced
lighting technologies (such as light-emitting diodes [LEDs])
that produce a better yield than sunlight. Alternatively, outdoor cultivation costs less and generally allows one to grow
more plants, albeit under the mercy of outdoor conditions.
Greenhouse cultivation is somewhat of a happy medium, providing growers with the best of both worlds.
Kapoor: I would put them in this order: Indoor will give
you a consistent product; Greenhouse (greenhouse will be
more exposed to variation in growth factors compared to
indoor but better than outdoor); Outdoor (no control on the
growth atmosphere).
Karcey: Depending on what the end goal of production is I
would say that all forms of cultivation listed have a place in
the industry for different reasons. From a cultivation standpoint it all starts with location, location, location. Many climates even if they are “zoned correctly” may not be optimal
for greenhouse or outdoor production for a myriad of reasons.
I try to encourage anyone before investing in property either
for greenhouse or outdoor production that they perform the
proper due diligence necessary on the land; including soil
tests, water tests, weather reports, and take into account
things like pesticide drift from neighboring farms.
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I always say the difference between indoor and greenhouse or outdoor cultivation is that with indoor cultivation “you’re
playing god,” meaning you should have
100% control over your environmental
parameters, whereas with outdoor cultivation “you’re at the mercy of the environment around you”—you will have to
learn to adapt on the fly to any unforeseen and unanticipated circumstances.
For companies developing medical
products I feel the research and development of understanding certain cultivars would benefit from the consistency and quality that comes with indoor
cultivation. On the contrary, if a company is concerned with the lowest cost of
goods sold, cultivating outdoors in an
optimal environment may be the way to
go. Greenhouse is a hybrid of both indoor and outdoor philosophies where
you have much more environmental
control than outdoor and with the use of
supplemental lighting and blackout curtains often times you are able to produce
year round. However, the efficiency of a

greenhouse is still determined by the environment in which it sits.
Kern: Again, it depends. For a medical or top-shelf recreational flower, I like
indoor because at every moment you
can control and optimize all the environmental variables: temperature, humidity, and lighting (intensity and spectrum). If you’re interested in producing
flower for oil production, then I think the
greenhouse is the best option because
of energy considerations. Sunlight is
free, almost—there are always temperature-control issues.
What is the best piece of advice you
can offer for newcomers?
Hildenbrand: Don’t be afraid to ask for
the advice of your more knowledgeable
peers. Growing premium cannabis is as
much of an art form as it is a science.
Kapoor: New people joining the cannabis industry have to make sure they
take some basic courses on horticulture,
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especially plant nutrition and integrated
pest management. An understanding of
production economics is very important
to survive in this competitive industry.
Growing cannabis is combination of both
art and science, be creative in your ways
without compromising the science behind it. Always be receptive to new ideas.
Karcey: Start by getting the right team
with some experience in place. If the
expertise doesn’t support the business
model then start slow and proceed at a
steady, methodical pace. Don’t get too
ambitious and bite off more than you
can chew.
Kern: Keep it simple and know there is
a lot you don’t know but can learn. Educate yourself. If you can, volunteer to
work with somebody before you invest
in your own grow so you get a feel for the
plant and the processes that support it.
Visit www.cannabissciencetech.com/
cultivation for more on this topic.
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Feature

How the Cannabis Industry Can Benefit
from Leveraging Pharmaceutical Resources
Currently in the cannabis industry, the standards and benchmarks for drug delivery, analytics and
testing, consumer reporting, and packaging are basic in nature with substantial room for more
sophistication and technology. In these areas, the cannabis industry can immensely benefit from
leveraging the hundreds of years of pharmaceutical study and research. Here’s how.
Christian Sweeney and Shehzad Hoosein

W

ith the rise of cannabis legalization across North
America has come a rise in the prevalence of
niche expertise in the cannabis sector. As cannabis enterprises and partnerships continue to form across the
continent, the industry as a whole is maturing and refining itself at a rapid rate, but with what benchmarks?
Currently in the cannabis industry, the standards and
benchmarks for drug delivery, analytics and testing, consumer reporting, and packaging are basic in nature with
substantial room for more sophistication and technology.
In these areas, the cannabis industry can immensely benefit from leveraging the hundreds of years of pharmaceutical study and research. Here’s how.

Drug Delivery
The route of cannabis administration has a vast impact on
efficacy, duration, and time of onset. These are critical components when designing any specific cannabis-infused
product. What the cannabis industry needs from the pharmaceutical industry is the insight into methods the pharmaceutical experts use to make these molecules more bioavailable for consumer consumption, which can lead to more
accurate information on dosing and increased efficiency of
cannabis intake. Additionally, the cannabis industry can also
benefit from adapting current pharmaceutical drug delivery
systems, such as nasal spray devices or microneedle patches. Combining both, the cannabis industry has the power to
greatly strengthen current drug delivery practices.
For decades, biomedical engineers have researched various ways in which certain drugs can be delivered to the human
body. How a drug moves through cells and tissues dictates
how it’s delivered, at what speed, the form in which the medicine takes, and how it eventually impacts the user. While the
traditional recreational cannabis market has focused on user
experience often at the expense of efficacy, truly therapeutic products must still ensure patient compliance by being
discrete, minimally invasive, and high in sensory acceptability.
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When it comes to delivery method several variables are
at play including routes of delivery, delivery systems (delivery devices and formulated delivery vehicles), and targeting
strategies. Any variation of these elements can result in unwanted side-effects. Most negative side effects occur when
a drug comes into contact with tissues that are not the target of that specific drug. To decrease side effects, clinicians
have often utilized medicine that locally targets areas of the
body affected by disease. By treating an ailment locally it
minimizes those unintentional interactions, and in turn results in fewer negative side effects. This type of targeted
treatment also lessens the amount of medicine needed and
increases the likelihood of positive treatment outcomes.
When it comes to route of delivery, medications are typically delivered in the following ways: swallowing, inhaling either through the nose or mouth, absorbing through the skin
(topical) or sublingually through tissues within the mouth, or
by intravenous injection. While some exhibit higher patient
compliance than others, not all delivery methods are created equal. In addition, while some delivery methods require
formulations that are less stable, requiring demanding storage conditions, others are so simple they can be administered at home by the patient themselves.
One of the most interesting areas for further research
and development is the transdermal route of delivery. The
pharmaceutical industry has already optimized the current
transdermal patch delivery mechanism, and is now looking towards novel transdermal delivery systems, such as microneedle. As previously referenced, microneedle drug delivery is a relatively new pharmaceutical method that delivers
medicine topically through the skin. Microneedle patches
consist of dozens of microscopic needles that can penetrate
the skin to deliver medicine transdermally with fast uptake
and high bioavailability. The National Institute of Biomedical Image and Bioengineering (NIBIB) has reported that they
are currently developing a patch containing dissolvable microneedles that could serve as vaccine delivery. Unlike its
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traditional counterpart, these patches will be easy to use and do not require special storage or disposal methods, and thus could effectively be used
by the patient at home. This method
could also greatly serve communities
with fewer resources and storage options needed for traditional, refrigerated medicine.
In addition to drug delivery devices,
formulated delivery vehicles also greatly impact the efficacy of certain drugs.
In recent months, nanotechnology researchers have found promising results when directly injecting nanoparticles into infected tumors. This could
effectively replace a type of gene therapy that uses viruses, which can have
negative side effects and unexpected
outcomes. Other researchers are developing formulated drug delivery vehicles via bacteria that have magnetic
and oxygen sensing navigation. It is evident that optimized drug delivery systems, consisting of validated delivery
devices, coupled with formulated delivery vehicles is an area the pharma industry has significant expertise. If this
knowledge and technology were applied to cannabis therapeutics, it could
open the door to a host of new treatment opportunities.
Targeting strategies, which refer to
local or systemic delivery, is another focus of research that could greatly
benefit the cannabis industry. Pharmaceutical drugs typically target organs,
tissues, infected cells, or the structures
within the cells.
By implementing traditional pharmaceutical practices the cannabis industry has the opportunity to improve
the therapeutic outcomes of newly developed products. Being able to utilize
pharmaceutical data to minimize unwanted side effects and negative drug
interactions could dictate the ways cannabis is ingested or applied. Improving
onset time and bioavailability through
unique drug delivery technology such
as microneedles and nanoparticles will
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management systems, obtaining appropriate quality raw materials, establishing robust operating procedures, detecting
and investigating product quality deviations, and maintaining
reliable testing laboratories.”

allow for the creation of a new generation of highly efficacious and minimally invasive cannabis derived therapies.

Analytics and Testing
A cannabis-chemist successfully creates a more effective administration
route, but how do they measure against
industry standards? The pharmaceutical industry, because of U.S. Food and
Drug Administration (FDA) oversight,
has developed a rigorous approach to
testing and reporting, ensuring that all
information from medical studies, laboratories, and clinical trials is public and
reported in the same database with the
same benchmark standards. Currently, the cannabis industry does not have
industry metrics because of the lack of
FDA regulations, making analysis and
reporting very difficult at the clinical
level. If the cannabis industry can adopt
the pharmaceutical industry’s ability to
efficiently create a set of industry metric standards, anticipating the rigor of
strict FDA regulations in the meantime,
the creation of new products, distribution methods, and therapy techniques
will expand at a rapid rate. By using
FDA best practices in the development
of new products, the cannabis industry can insure product integrity and improve consumer perception about the
reliability of cannabis therapies.
As it stands today, the FDA regulates
manufacturing of pharmaceuticals mainly through current good manufacturing
practices (cGMPs). The FDA states (1)

“cGMPs provide for systems that
assure proper design, monitoring, and control of manufacturing processes and facilities.
Adherence to the cGMP regulations assures the identity,
strength, quality, and purity of
drug products by requiring that
manufacturers of medications
adequately control manufacturing operations. This includes
establishing strong quality
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When implemented properly, these
standards and regulations aim to
maintain the integrity of the product, and protect the consumer from
drug contamination, deviations, errors, and failures—among other potential dangers associated with consuming pharmaceutical drugs.
It’s important to note that the implementation of cGMPs are flexible in
nature, allowing each manufacturer to
utilize its own design, methods, and
procedures to adhere to the industry
standards. Despite modern technology arming companies with the tools
they need to achieve the desired results, not all manufacturers have access to the same resources. This
means that the FDA is less concerned
with how a manufacturer achieved industry standard, only with the fact that
they met the requirements in the end
product. It’s also important to note
that cGMPs are an industry minimum
standard, and leading manufacturers
are implementing new processes and
systems to ensure and increase the
quality standard of pharmaceuticals
on the market.
The FDA also enforces standards by
implementing mandatory inspections
across pharmaceutical manufacturing
facilities worldwide. These inspections
follow a standard set of procedures to
evaluate both facilities that produce
active ingredients as well as final products. The FDA relies on these inspections in conjunction with reports filed
by the public and the industry regarding potentially defective or dangerous
products on the market.
By creating a central organization
and set of standards for manufacturers
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to abide by, the FDA made an infrastructure to protect the general population. As one would imagine, a general consumer isn’t, and shouldn’t have
to be, armed with the knowledge to
determine whether or not a pharmaceutical drug is safe. When considering cannabis, the expectations should
be no different. Cannabis can take a
lesson from pharmaceuticals by creating standards that are required by
manufacturers. A number of organizations such as ASTM International
have begun the development of these
standards, but buy-in from key industry stakeholders is required to ensure
those standards are met.

Consumer Reporting
Currently, in the pharmaceutical industry, there is a structured protocol to
consumption and patient reporting on
outcomes. A patient will be prescribed
a certain dosage, complete dosage
properly, and report back to the doctor
if the prescription worked or not. When
using cannabis as a medical tool, the
reporting system between doctor and
patient is at a very early stage of development. The cannabis industry needs
a more structured feedback loop between doctor, patient, and dispensary.
If adopting current protocols that the
pharmaceutical industry already has in
place for successful feedback retrieval,
a cannabis professional will be able to
better understand, and improve, cannabis usage for various medical purposes.
The Center for Drug Evaluation and
Research (CDER) is a division of the U.S.
FDA that monitors most drugs as defined in the Food, Drug, and Cosmetic Act. The primary job of the CDER is
to evaluate drugs before they can be
sold to the general public, and to monitor the use of drugs for new and unreported health risks once they’ve been
released. If the CDER determines there
are new, unanticipated risks that were
not previously reported it’s their responsibility to take necessary actions
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including informing the public, changing marketing materials and labels, and
even sometimes removing the product
from the market.
As an extension of this evaluation,
the CDER also regularly consults with
the American people to help make decisions about the drugs they are using.
This, in conjunction with MedWatch, the
FDA program that enables health care
professionals and consumers to report
suspected problems with their drugs,
creates a comprehensive reporting system that allows the FDA to ensure the
drugs that it approves consistently meet
and abide by industry quality standards
and minimums. The CDER often holds
public meetings inviting experts and
consumers alike to gather input regarding certain drugs that are being evaluated. To remain transparent, the CDER
announces most decisions in advance
of actually finalizing them so the public
can provide input and suggestions before anything is set in stone. Those who
typically provide insight are the general public, members of academia, industry and trade associations, consumer interest groups, and relevant professional
societies. The CDER also holds annual meetings with patient and consumer groups, professional societies, and
professional trade associations to ensure they’re receiving proper feedback
regarding their current and future initiatives. This has driven stronger and stricter policies over the years to promote
the center’s mission, which is “to ensure that the benefits of drug products
made available to the public outweigh
all known risks.”
As cannabis gains in prevalence
amongst consumers, there needs to be
a system in place that allows them to relay drug feedback to their doctor and
to dispensaries. For the cannabis industry to continue growing and evolving, this information needs to be protected as it is relayed back to the proper
regulatory programs and organizations.
Public events and regularly scheduled

www.CannabisScienceTech.com

meetings will provide a safe space for
consumers and industry professionals
alike to provide feedback on current
products, and shed light on voids that
have not yet been able to be addressed
by cannabis. Transparency around decision making ahead of finalization will ensure that consumers know what to expect with current and future initiatives,
just as the CDER does with pharmaceuticals today. This will also help to create
a cohesive community around the use
of cannabis, encouraging communication within the space to elevate the industry as a whole.

Packaging
The pharmaceutical industry coined
child-resistant packaging in the 1950s,
making it an industry standard across
all fields. The cannabis industry is slowly moving to mandatory child-resistant
packaging, but not fast enough. With
a variety of products now on the market, current cannabis professionals cannot always find the needed child resistant closure (CRC) packaging for the
products on the market (for example, infused lip balm). If the pharmaceutical industry offers their current technology
and packaging techniques to the cannabis industry, this will rapidly expand the
amount of safety technology for consumers, creating yet again, another industry standard.
According to the Consumer Products Healthcare Association (CPHA) (2),
“Child-resistant (C-R) packaging, also referred to as ‘special packaging,’ is used
to reduce the risk of poisoning in children via the ingestion of potentially
hazardous items including certain prescription and over-the-counter (OTC)
medications, pesticides, and household
chemicals. The U.S. Consumer Product
Safety Commission (CPSC) has the authority to regulate C-R packaging via the
Poison Prevention Packaging Act (PPPA)
which became effective in 1972.”
There are several ways in which the industry determines what is and isn’t CR
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approved packaging. First and foremost,
pharmaceuticals containing specific
common ingredients, such as acetaminophen, aspirin, diphenhydramine, and
ibuprofen (to name a few), must be contained within child resistant packaging.
The United States Pharmacopeial Convention has established requirements for drug containers that are compliant with child resistant legislation.
Each package has its own set of standards for drug manufacturers and marketers. For capsules and tablets, regulations typically relate to the container in
which they come, requiring it to be tight,
well-sealed, and often light-resistant.
For injectables, construction materials
are often addressed, but also pertain to
storage, and single or multiuse function.
Something interesting of note is that
the potential intensity of the medicine or
drug, as well as the state the patient will
be when they’ll be ingesting the drug, is
taken into consideration when evaluating the complexity and accessibility of
the packaging. For example, inhalation
drug products are typically intended for
respiratory-tract compromised patients,
which is directly reflected in the complexity of the packaging. While inhalation
drug products rank among the highest
degree of concern associated with the
administration method, the fact that the
patient will be potentially compromised
of oxygen or optimized respiratory function when trying to access the medicine
is taken into consideration when designing the packaging. But before diving into
packaging, it’s important to know about
the most common methods of consumption when it comes to cannabis.
The most common forms of cannabis consumption are through inhalation, oral ingestion, sublingually, and
topically. According to the U.S. Department of Health and Human Services, the
FDA, the CDER, and the Center for Biologics Evaluation and Research (CBER),
oral, sublingual, and topical fall within the lowest level of concern when it
comes to both administration and thus
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packaging. Nasal administration falls
just below inhalation in terms of level of concern. Following these guidelines, we can look into specific packaging that could contain cannabis in its
most commonly consumed forms.
Pharmaceutical packaging is constantly innovating, which will allow
cannabis to follow suit. Closure systems with child-proof screw caps and
tamper-proof sealing strips prevent
children from opening a bottle while
the adult can still access the medication. Tear-resistant packaging could
be used for cannabis gum and chews.
Certain pharmaceutical packaging
even requires activating, which prevents children from taking out tabletform medicine. In this case, a specific
mechanism is integrated into the box
that makes sure tablets can only be
dispensed one at a time. To get more
than one tablet, patients have to use
both hands—one to slide the button
to the side and hold it in place, and
the other to grab the tablet. Once the
hand is removed, the container automatically reverts to its initial position.

Conclusion
As it stands today, cannabis is evolving
at an alarmingly fast rate. With widespread adoption comes cut corners as
various players scramble to get their
product to market. It is then the responsibility of leading industry players to implement and incorporate organizations,
regulations, and standards to maintain
the efficacy of the industry, products,
and consumers.
First and foremost, the industry
needs to establish and appoint a regulatory body to implement standards
and quality minimums that apply to all
brands and products within the industry.
This body will focus on the ingredients,
products, and analytical and production
methods used to make various cannabis products. Research done within this
body will focus on optimizing products,
taking things such as routes of delivery,
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delivery vehicles, contents, and targeting strategies into consideration.
As brands bring their products to
market, new methods of analytics and
testing will come to the forefront, driving new regulations which will ensure all
products and processes are up to industry standards. With more products coming to market, consumer reporting will
play an increasingly critical role in the
developments of new cannabis treatments. The ways in which consumers relay this information will ensure their feedback is securely stored for consideration
when evaluating the state of the market.
All of these elements will run smoothly in
the background, ensuring that the final
product is secure and safe once it makes
its way to the consumer.
Just as with pharmaceuticals, it is not
the responsibility of the consumer to
know or understand the efficacy or the
product or the processes in which its
been through. However, with such a lucrative and growing industry, it is imperative we create a series of systems and
regulations to ensure that cannabis remains safe for consumers. With the undeniable medical and recreational
benefits that cannabis has proven to address, being able to utilize research and
findings from the pharmaceutical industry will help the cannabis space to thrive
to its utmost potential for years to come.
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How to Choose the Right Instrumentation
for Cannabinoid and Terpene Analysis
The “Green Rush” of cannabis and hemp continues to increase because of the medicinal and health
benefits of these two plants. The two major beneficial compound classes are the cannabinoids and
terpenes. This article explores the various techniques for conducting analysis of these compounds,
including: integrated versus modular high performance liquid chromatography (HPLC), HPLC
versus ultrahigh-pressure liquid chromatography (UHPLC), UHPLC-ultraviolet (UV) versus UHPLCphotodiode array (PDA) detectors, HPLC-UV versus quadrupole liquid chromatography mass
spectrometry (LC–MS) versus triple quadrupole mass spectrometry (LC–MS/MS), quadrupole timeof-flight mass spectrometers (QTOF-MS) versus matrix-assisted laser desorption or ionization timeof-flight mass spectrometers (MALDI-TOF-MS), LC versus gas chromatography (GC) systems, and
sample preparation for LC- and GC-based methods.

T

he “Green Rush” of cannabis and hemp continues
to increase because of the medicinal and health
benefits of these two plants. The two major beneficial compound classes are the cannabinoids and terpenes. This article explores the various techniques for conducting analysis of these compounds.
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Integrated Versus Modular HPLC
The most widely used technique for cannabinoid analysis
is high performance liquid chromatography (HPLC). HPLC
systems vary by many factors, such as capacity, versatility, and price. A lower-priced integrated HPLC would be
a turnkey cannabis analyzer with an autosampler, pumps,
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columns, and detectors all built into
an integrated housing. Turnkey packages provide all the tools necessary
to analyze samples on day one, including the instrumentation, methods, standards, solvents, guard
columns, analytical columns, and
dedicated software with custom reporting templates. A modular HPLC
system provides greater versatility
because components can be interchanged as needed for many other
applications.

HPLC Versus UHPLC
Once the decision has been made to
purchase an integrated or modular
HPLC system, the next decision is to
choose between conventional HPLC
and ultrahigh-pressure liquid chromatography (UHPLC); each has its own
advantages and disadvantages. HPLC
and UHPLC can both be obtained in
integrated or modular formats.
Shown in Figure 1 is a chromatogram of 11 cannabinoids by HPLC in
10 min, while Figure 2 displays the
UHPLC chromatogram of 17 cannabinoids in 5 min. Table I shows examples of the cannabinoids analyzed by
HPLC and UHPLC. Armed with this
information, the consumer may prefer the greater efficiency of separation from the UHPLC system. However, there are other factors that must
be discussed.
HPLC is a more robust method. According to the International Council for Harmonisation of Technical Requirements for Pharmaceuticals for
Human Use (ICH), “The robustness/
ruggedness of an analytical procedure is a measure of its capacity to remain unaffected by small, but deliberate variations in method parameters
and provides an indication of its reliability during normal usage” (1). Due
to the robustness of HPLC, a lowersalaried technician could be utilized
in place of a higher-salaried chemist for operation, sample preparation,
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Table I: Example of cannabinoids measured by HPLC and UHPLC
HPLC Analysis

Compound Names

UHPLC Analysis

THCV

Tetrahydrocannabivarin

THCV

∆8 -THC

∆8 -Tetrahydrocannabinol

∆8 -THC

∆9-Tetrahydrocannabinol

∆9-THC

∆9-THC
THCA

∆9-Tetrahydrocannabinolic

acid

THCA

CBD

Cannabidiol

CBD

CBDA

Cannabidiolic acid

CBDA

CBDV

Cannabidivarin

CBDV

CBN

Cannabinol

CBN

CBG

Cannabigerol

CBG

CBGA

Cannabigerolic acid

CBGA

CBC

Cannabichromene

CBC

Cannabidivarinic acid

CBDVA

Tetrahydrocannabivarinic acid

THCVA

Cannabinolic acid

CBNA

Cannabichromenic acid

CBCA

Cannabicyclol

CBL

Exo-tetrahydrocannabinol

Exo-THC

Figure 1: Chromatograph of 11 cannabinoids in 10 min by HPLC.

and maintenance. Conversely, UHPLC demands the use of the highest quality solvents (UHPLC- or liquid
chromatography–mass spectrometry
[LC–MS]-grade) and that samples be
filtered free of particulates.
In addition to robustness, the capital and operating costs for HPLC
are lower. Instrument costs for HPLC
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systems are approximately 20% lower than for UHPLC systems. This
takes into account the allowable use
of HPLC-grade solvents instead of
higher-cost UHPLC- or LC–MS-grade
solvents. There is a lesser need to filter the mobile phase when using
HPLC. A lower frequency of maintenance is another HPLC benefit, as a
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Figure 2: Chromatogram of 17 cannabinoids in 5 min by UHPLC.

Figure 3: PDA spectral absorbance measurement of cannabinoids for an HPLC-PDA.

30–50% reduction in the replacement
of consumables, such as seals, plungers, rotors, and stators, can be realized.

UHPLC-UV Versus
UHPLC-PDA Detectors
The acronym UHPLC implies the system can be utilized either as an HPLC
or UHPLC system. There are multiple
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types of detectors that may be used
for cannabinoid analysis. This section focuses on systems based on
absorbance detection in the ultraviolet-visible (UV-vis) region of the
electromagnetic spectrum (190–
900 nm wavelength range).
For cannabinoid analysis the most
important part of the spectrum is in
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the UV region of 190–350 nm. The
HPLC-UV is typically used to measure
only a couple of specific wavelengths,
such as 220 nm or 228 nm. With UV
detection, confirmation of the specific cannabinoid is based on the retention time, as shown in Figures 1 and 2.
The photodiode array (PDA) detector,
also known as a diode array detector
(DAD), can measure the entire wavelength range simultaneously, which
may provide other advantages. Figure 3 shows an example of the cannabinoid spectral absorbance profiles, which can provide a second
form of identity confirmation. Notice the neutral cannabinoids (delta9-tetrahydrocannabinol [∆9-THC], ∆8 THC, tetrahydrocannabivarin [THCV],
cannabidiol
[CBD],
cannabidivarin [CBDV], and cannabigerol [CBG])
in the blue traces have similar spectral profiles that differ from the acidic forms (tetrahydrocannabinolic acid
[THCA], cannabidiolic acid [CBDA],
and cannabigerolic acid [CGBA])
shown in the red traces.
The carboxyl group (-COOH) of
the acidic cannabinoids provides additional conjugation of the electron
structure of the molecule. This results
in longer wavelengths of the peak
maximums. The PDA could be used
to distinguish the neutral cannabinoids from the acidic forms, but may
not be sufficiently reliable to confirm
cannabinoids within the same class.
Also, other cannabinoids (cannabinol
[CBN] and cannabichromene [CBC]
shown in the green traces) have substantially different spectral profiles
based on their structures.
PDA detection has other advantages in that the spectral profile may assist in determining an unknown peak
in the chromatograms, such as another cannabinoid or terpene. Full
confirmation analysis should be performed by a mass detector-based
system, as discussed later in this article. In the pharmaceutical industry,
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a PDA detector is often used to determine peak purity of the target
compound. The absorbance spectra are compared at multiple points
across the peak, as shown in Figure 4.
Differences in the spectra can be indicative of coelution in the chromatographic peak. A peak purity index
of 1.000000 indicates a pure compound is eluting. As the peak purity index becomes lower, it can be
concluded that coelution of multiple
compounds exists.
Peak deconvolution is another possibility with PDA detection systems. A
PDA detector collects time information (the chromatogram) and spectral
information (UV spectrum), shown in
Figure 5. By using both sets of information, it is possible to deconvolute
the data and determine the quantity of each analyte in a coeluting peak.
Deconvolution relies on sound
scientific principles, not estimation
based on Gaussian modeling, which
has been used in the past. Figure 6
shows an example of five cannabinoid peaks being deconvoluted using
Shimadzu’s Intelligent Peak Deconvolution Analysis (i-PDeA) software. Two
forms of peak identification, including retention time and absorbance
spectral i.d., are now easily obtained.
A third confirmation of mass spectral i.d. can be obtained by adding a
mass spectrometer as described in
the next section.

Comparing HPLC–UV,
LC–MS, and LC–MS/MS
Instead of an absorbance spectral
detection of an HPLC-UV or HPLCPDA, the analyst may prefer a mass
spectrometry-based system, such
as a single quadrupole liquid chromatography-mass spectrometry (LC–
MS) system or a triple quadrupole
mass spectrometer (LC–MS/MS), also
known as tandem mass spectrometry. These types of mass spectrometers are referred to as high-speed
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Figure 4: Simplified schematic of peak purity measurement across the peak and comparing with the spectral absorbance.

Figure 5: Deconvoluting coeluting peaks utilizing time information (the chromatogram)
as well as spectral information (UV spectrum).

mass spectrometers. They provide a
fingerprint of the eluting chromatographic peak, especially with LC–MS/
MS. A simplistic difference between
LC–MS and LC–MS/MS is that the latter can assist in removing compound
interferences and provide more confidence in compound identification.
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Mass spectrometers can provide
the analyst valuable insight with information about molecular weight and
structures. For scientists in the research and development (R&D) arena, a mass spectrometer is often considered vital in the pursuit of critical
molecular knowledge. LC–MS and
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LC–MS/MS can also be combined
with a UV-vis or PDA detector to provide three forms of compound identification: retention time, absorbance
spectra, and mass spectra.
Each of these techniques have a
certain cost. For example, an HPLCUV costs in the range of $40–$50K
while an HPLC-PDA system is in the
$50–$60K range. UHPLC-based systems usually cost about 20% more.
Most quality assurance (QA) and
quality control (QC) laboratories believe these instruments are sufficient.
High-speed LC–MS systems are in
the $100–$120K range, while LC–MS/
MS systems are in the $300–$400K
range and often are reserved for researchers. Many states permit using
an HPLC-UV for cannabinoid analysis.
An exception is Tennessee, where the
Department of Agriculture requires
LC–MS/MS. In addition to a clear instrument cost advantage, conventional HPLC holds numerous other
advantages, including a better linear
dynamic range, better detector stability, reduced frequency of calibration, and a lower operator salary level (that is, technician versus chemist).
Generally, QC labs using HPLCUV or PDA do not use internal standards; however, some states, such as
New York, require an internal standard (Norgestrel) as well as a surrogate
(4-pentylphenyl 4-methylbenzoate).
With LC–MS/MS, internal standards
are usually a requirement. Also, the
most popular LC–MS/MS sample introduction method is electrospray
ionization (ESI), but for cannabinoid
analysis, atmospheric pressure chemical ionization (APCI) is required. Finally, contract laboratories may
charge in the $50 range for cannabinoid analysis, so those incentivized by
money are not likely to tie up the very
expensive LC–MS/MS system, unless
required to do so. LC–MS/MS would
be more likely used for a higher billing pesticide analysis, typically in the
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$225 range per sample, and for simultaneous mycotoxin and aflatoxin analysis, which yields another $75, for a total of $300 per sample.

QTOF-MS Versus
MALDI-TOF-MS
Quadrupole time-of-flight mass spectrometers (QTOF-MS) and matrix-assisted laser desorption and ionization
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time-of-flight mass spectrometers
(MALDI-TOF-MS) are referred to as
high-resolution mass spectrometers
(HRMS). Mass spectrometry measures the mass (m) to charge (z) ratio
(m/z) in a sample. High-speed LC–MS
and LC–MS/MS measures the nominal mass of a compound, while HRMS
measures the exact mass to several decimal places, providing more

|

CANNABIS SCIENCE AND TECHNOLOGY

1/31/20 3:08 PM

40

Feature

LC Versus Gas
Chromatography Systems

Figure 6: Example of five cannabinoid coelution peaks being deconvoluted using
Shimadzu’s i-PDeA software.

Figure 7: The GC–MS analysis of the Shimadzu 11-cannabinoid premix standard only
shows eight peaks because the acidic THCA, CBDA, and CBGA are converted to the
neutral THC, CBD, and CBG, respectively.

confidence for the analysis of targeted and untargeted compounds.
QTOF also has the advantage of
chromatographic separation by UHPLC. A QTOF-MS system costs in
the range of $400K.
MALDI-TOF-MS is a broad term
encompassing a range of instrumentation types, including ion trap,
benchtop and floor linear models, linear reflectron, and TOF-TOF,
costing in the $150–$400K range
depending on the specifications.
MALDI-TOF does not utilize the
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chromatographic separation power of the previously discussed techniques, so high resolution is very
important.
Cannabis consists of more than
500 compounds with over 140 cannabinoids and over 200 terpenes. It
also contains hydrocarbons, sugars,
nitrogenous compounds, fatty acids,
flavonoids, amino acids, aldehydes,
ketones, esters, steroids, protein,
elements, pigments, and vitamins.
High resolution is important for targeted and untargeted compounds.
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As described above, LC may be the
gold standard for cannabis analysis.
However, gas chromatography (GC)
systems have been reported to have
better sensitivity and higher throughput than LC systems. But, because of
the heated injection port and column,
GC methods can only provide “total
∆9-THC” as the ∆9-THCA is converted to the ∆9-THC. The same is true
for any of the acidic cannabinoids,
such as CBDA and CBGA, which will
be converted to the neutral forms for
CBD and CBG, respectively. It should
be noted that ∆8 -THC and THCV are
not converted to ∆9-THC.
Figure 7 shows a chromatogram
of Shimadzu’s 11-cannabinoid premix standard, which has only eight
peaks because the three acidic components of THCA, CBDA, and CBGA
have been converted to the neutral
forms. Many analysts find this unacceptable, since the cannabinoid concentrations in the original sample are
missing some information. It should
be noted that adding a headspace
sampler to a GC coupled to a flame
ionzation detector (FID) or GC–MS allows its utilization for terpene and residual solvents analysis in the cannabis and hemp industries and may still
be required in many instances.
Cardenia and colleagues (2) reported on the derivatization of the acids
to stabilize the structure and increase
volatility for analysis by GC–MS. The
authors reported the analysis of 10
cannabinoids, including the three
acidic cannabinoids. The derivatization step may be automated with the
use of the proper autosampler.
Professor Kevin Schug and his colleagues at the University of Texas, Arlington (3–5) have coupled a GC and
GC–MS to a vacuum ultraviolet (VUV)
detector from VUV Analytics. The
VUV region of the spectrum is below
200 nm, and the working region of the
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Complete Turnkey HPLC Analyzers for
Quantitative Determination of Cannabinoid
Content in Cannabis and Hemp
5JKOCF\WoU%CPPCDKUCPF*GOR#PCN[\GTUCTGVJG
EQORTGJGPUKXGUQNWVKQPUHQTECPPCDKPQKFUCPCN[UKU
+PVGITCVKPIKPUVTWOGPVJCTFYCTGVJTGGRTQXGP*2.%
OGVJQFUEGTVKƂGFUVCPFCTFUCPFCNNUWRRNKGUVJGUGRCEMCIGU
CTGFGUKIPGFHQTCEEWTCVGTGUWNVUYKVJOKPKOCNGHHQTV#
[GCTYCTTCPV[CPFRTGXGPVCVKXGOCKPVGPCPEGRNCPGPUWTGU
VTQWDNGHTGGWUGCPFOCZKOWOWRVKOG
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authors was 120–240 nm, well below
the HPLC-PDA region of 190–400 nm
discussed earlier, which provided additional information. The electrons
are excited from one energy level to
a higher level such as σ–σ* (sigma to
sigma star transition) for alkanes, n–π*
(n to pi star transition) for O, N, S and
halogens, and π–π* (pi to pi star transition) for unsaturated alkenes. In
their publication, they showed GCVUV and GC–MS-VUV could analyze
the neutral and acidic cannabinoids,
but the later compounds would require derivatization.
As a bonus, the authors showed
they could measure terpene isomers
using the GC–MS-VUV system, measuring terpene alcohols, terpenes with
single, double, and triple bonds, oxygenated terpenes with double bonds,
and ethers, ketones, and aromatic
terpenes (3–5).

Sample Preparation for
LC- and GC-Based Methods
As cannabis and hemp are analyzed
for cannabinoids, sample preparation
depends on the sample type. As described above, LC systems have been
the gold standard. Sample preparation
for analysis of concentrates is quite simple, typically only requiring a dilution in
solvent. For flower, the sample preparation may involve extraction with one
solvent and dilution with another solvent. Homogeneous foods such as
gummies may also involve a solvent extraction with solvent dilution, which are
relatively easy procedures.
The difficulty arises when the foods
are nonhomogenous, such as energy bars that may contain chocolate,
almonds, peanut butter, and caramel. Different foods can require different sample preparation methods
depending on the components of
salts, sugars, sweeteners, fats, natural products, coloring, additives, preservatives, cholesterol, fiber, and so
on. For LC, sample preparation would
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usually require a multiple step process: grinding into a homogeneous
mixture, dissolving in a solvent, and
then solid phase extraction (SPE). The
SPE steps then consist of:
1. conditioning a cartridge with a
solvent, followed by
2. conditioning with water,
3. applying the sample to collect
the target compounds on the cartridge while the rest goes to waste,
4. washing the cartridge with water
to remove impurities, and
5. extracting the target compounds by washing the cartridge with solvent.
This is very time consuming and varies depending on the matrix.
A pyrolyzer (PY), used for thermal desorption, can be added as the
sample introduction device to a GC–
MS. PY-GC–MS can be used to characterize complex materials at trace
levels, often without any sample pretreatment. Because of the direct sample introduction and the chromatographic separation, it is possible to
analyze very small amounts and collect detailed, unique information,
which would generally require significant sample preparation.
Sample preparation could be as
simple as weighing the nonhomogeneous food sample into a sample cup and having the autosampler
drop the cup into an oven between
100–300 °C, which is high enough to
vaporize the cannabinoids but low
enough to leave behind higher boiling interfering compounds. Depending on the matrix, the sample may require grinding and, possibly, a liquid
extraction step, but sample preparation steps are minimized compared
to LC and LC–MS sample preparation steps.

Conclusion
HPLC-based systems have been the
gold standard for cannabinoid analysis because they offer a variety of
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selections between HPLC and UHPLC, integrated or modular formats,
photometric detectors such as UV-vis
and PDA or DAD, and mass spectrometry detectors such as MS, MS/MS,
and QTOF-LC–MS, with each component having advantages and disadvantages. GC and GC–MS-based
methods are improving by reducing
sample preparation with thermal desorption sample introduction for cannabinoid and terpene analysis utilizing
VUV detection.
Future experiments should involve
combining PY-GC–MS with GC–MSVUV for faster sample preparation
analysis of edibles with three forms
of confirmation with retention time,
mass spectral identification, absorption spectral identification for cannabinoids and terpenes, and faster
chromatography.
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Vapes: What Are You Actually Inhaling?
Based on our experience testing compliance samples, engaging with local and state officials on
regulations, and working directly with manufacturers and clients, we have identified four major
factors related to the production of vape cartridges that warrant additional attention: cutting agents,
temperature, flavoring, and hardware and heavy metals.

O

n October 5, 2019, CannaSafe released our initial findings into the sudden appearance of
multiple e-cigarette, or vaping, product use associated lung injury (EVALI) (1) cases across the country.
That report highlighted and focused on the alarmingly high levels of pesticides and cutting agents, particularly vitamin E acetate, found in cartridges purchased
on the illicit market. California has the strictest cannabis product testing regulations in the nation, and the
licensed products proved to be free of contaminants
and dangerous pesticides. There are many factors that
go into the efficacy of a vape cartridge, which prompted us to continue this study on potential factors at play
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beyond the scope of current cannabis testing and regulation. Similar to ongoing investigations undertaken by
the Centers for Disease Control and Prevention (CDC)
(2), CannaSafe has tested the vaporized contents of
vape cartridges and monitored the performance of the
accompanying hardware in an effort to shed light on
some of the unknowns related to what actually enters a
consumer’s lungs. This testing was examined alongside
the regulatory testing required under California Proposition 64 (3) (commonly called Prop 64, approved at the
ballot in 2016, and in effect since January 1, 2018), which
tests the final packaged units of product as sold or purchased in licensed cannabis dispensaries. The goal of
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this study is to bring information to
the table about the state of vape
products as they are inhaled.
Our doing business as (DBA)
name is CannaSafe, but the original name of our company was Consumer Safety Analytics. Our overall
mission has always been to provide data and information so that
consumers can make informed and
health-conscious decisions. We
have examined samples from both
the legal and illicit cannabis markets to provide insight into what
measures could be taken to ensure
the safest products are available to
consumers.
This study was conducted using CannaSafe’s own resources. All
of the legal cartridges were purchased at licensed dispensaries.
All illicit cartridges were purchased
from unlicensed delivery services or retailers in Los Angeles, California. Due to the limited data set,
no broad conclusions should be inferred from the results presented.
Rather, the results should highlight
the need for additional testing of
vape cartridge hardware and oil, especially at high temperatures.

Overview
Based on our experience testing
compliance samples, engaging
with local and state officials on regulations, and working directly with
manufacturers and clients, we have
identified four major factors related to the production of vape cartridges that warrant additional
attention:
•
•
•
•

Cutting agents
Temperature
Flavoring
Hardware and heavy metals

Each of these factors play an important role in how products are
consumed. Let's take a closer look
at each one.
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Figure 1: CannaSafe’s study presented the following on illicit cartridges: Illicit cartridge
A contained 30.88% vitamin E acetate. Illicit cartridge B and illicit cartridge C contained
36.74% and 31.13% vitamin E acetate, respectively. Illicit cartridge D had 34.02% vitamin
E acetate. Illicit cartridge E had 34.69% vitamin E acetate.

Cutting Agents
For the purpose of this study, cutting agents refer to chemicals added to vape cartridges that dilute
the cannabis oil inside. The primary
reason cutting agents are used is to
increase the final volume available
for sale by the producer of the vape
cartridge. For the consumer, this results in a given purchased amount
(whether measured by weight or
volume) containing less cannabis oil
than expected.
With advanced e-cigarette technology being applied to cannabis, it has become essentially impossible for the average consumer
to tell whether the oil in their cartridge has been “cut” with off-label
chemicals. Cutting agents on the
whole are meant to stay under the
consumer’s radar and don’t materially change the appearance, flavor,
or effect of the product when added. Laboratory testing is needed to
properly categorize the content of
vape cartridges.
Cutting agents are currently unregulated in California. Colorado implemented a ban on polyethylene glycol (PEG), vitamin E
acetate, and medium-chain triglycerides (MCT oil) as additives to
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vape cartridges that went into effect at the start of 2020 (4). While
banning the aforementioned additives will certainly help address the
current issue, enforcing labeling
requirements would also promote
transparency and protect consumers against the next unsafe cutting
agent discovered.
Our study presented the following on illicit cartridges: Illicit cartridge A contained 30.88% vitamin
E acetate. Illicit cartridge B and illicit cartridge C contained 36.74% and
31.13% vitamin E acetate, respectively. Illicit cartridge D had 34.02%
vitamin E acetate. Illicit cartridge E
had 34.69% vitamin E acetate (see
Figure 1).

Temperature
The role cutting agents play in the
dilution of cannabis oil and the deception to the consumer is harmful
enough. Yet, even more sinister is
what the chemicals added to vape
cartridges turn into upon heating.
A study (5) of four different cutting agents (propylene glycol [PG],
vegetable glycerin [VG], polyethylene glycol 400 [PEG 400], and MCT)
found that all four produced measurable amounts of acetaldehyde,
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acrolein, and formaldehyde when
heated to 230 °C (446 °F). Thus, the
uncertainty around the content of
a vape cartridge is only increased
when the unknown material is heated to produce the vapor inhaled by
the user.
A quick internet search produces
a great deal of information and recommendations about the best temperature for vaping cannabis (6–10).
But there’s a disconnect for many
consumers who find themselves reliant on vape pens and batteries
that express levels of heating intensity not in degrees Celsius (°C) or
Fahrenheit (°F), but in units of electric potential (volts) and resistance
(ohms). Ohm’s Law (11) dictates the
relationship (V = IR) between voltage (V), current (I), and resistance
(R) but does not help in directly calculating the resulting temperature
from a given voltage or resistance
(in fact, Ohm’s Law assumes constant temperature). This is a problem common with all cannabis vape
products and not just cartridges
and pens purchased illicitly. Across
all 14 cartridges used in this study,
no cartridge listed the recommended temperature of vaporization. We
have seen legal manufactures have
physical or visual indicators to control temperature, but consumers
don’t always use the battery intended by the manufacturer nor understand how important it is to do so.
Only one legal cartridge (Legal Cart
A) provided recommended settings
of any kind, listing a “recommended voltage” of 3.5 V on the packaging. Based on our review of various
sources, this seems to match general industry-wide recommendations
of ~3 V.
The key to connecting voltage
and resistance to temperature is
that the current through the heating coil of a vape pen acts as a
proxy for temperature. By Ohm’s
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Law, at constant resistance, more
voltage means more current. More
current means more electron activity in the heating coil, causing it to
heat more and reach a higher temperature. If a vape pen only has a
single voltage option, more volts
can be assumed to produce more
current and a higher temperature.
In practice, it is not possible for the
average consumer to get a reliable estimate of the temperature at
which their vape pen is operating
given the standard specifications of
commodity hardware.

We found that
even the oil in legal
cartridges broke
down into unfavorable
chemicals when
vaporized at higher
voltage settings.
Consumers who are able to
spend more money on their vape
hardware can benefit from engineered solutions that allow for direct control over temperature (12).
For those who are unable to afford
a temperature controlled vape device, a better unit of measurement
than voltage or resistance alone is
power (expressed in “W” for watts).
Power in watts is the product of the
voltage (V) multiplied by the current
(in “A” amps). Unlike ratings of voltage or resistance alone, power incorporates a measurement related
to time (because current expresses
a measurement of electrons flowing
per second) that allows for, at least
in theory, a representation of the
amount of energy being delivered
to the vape cartridge per second.
In conclusion, there needs to be
more transparency into the hardware’s vaporizing temperature. For
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this study, we compared voltage
settings of 3.5 V versus 5.8 V. We
found that even the oil in legal cartridges broke down into unfavorable chemicals when vaporized at
higher voltage settings.
Using Gastec gas detector tubes
to measure vapors at the higher
voltage setting, formaldehyde, carbon monoxide, and hydrogen cyanide were found in the illicit Cartridge A (>50 ppm), illicit cartridge
D (>50 ppm), and illicit cartridge
F (5 ppm) cartridges. Harmful and
potentially harmful constituents
(HPHCs) were found at inconclusive
levels in both illicit and legal carts
(13). This may be due to inconsistent
temperature from the battery heating the cartridge oil and the instability of the compounds generated
in the vapor.

Flavoring
Cannabis naturally produces flavoring compounds with the most predominant being terpenes. Terpenes
represent a wide variety of organic compounds that are produced by
many plants. Their commonality between plants is reflected in their nomenclature: pinene, for example, is
present in “pine” resin (along with
other plants both coniferous and
otherwise). The concentration and
types of terpenes varies greatly between cannabis varieties.
To make it into vape cartridges,
cannabis terpenes can be extracted
from the plant, concentrated, and
added to the tetrahydrocannabinol (THC) or cannabidiol (CBD) oil
in the amount desired by the manufacturer. There are many different
extraction methods, with the most
common being butane extraction
and supercritical CO2 extraction
(14). In these two cases, an organic solvent is used to “strip” the terpenes from cannabis and the terpenes are then purified to create a
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solvent-free concentrated form that
can be added to cannabis products.
While naturally present in cannabis flower, terpenes can also be synthesized in a laboratory. Synthesis
of terpenes can be accomplished
using methods standard to organic and analytical chemistry and synthetic terpenes are a common additive to processed foods (15).
The addition of concentrated terpenes and other flavoring to cannabis vape cartridges is important
to consider for two main reasons.
First, as with cigarettes and e-cigarettes (16), flavoring in cannabis
cartridges can be used to entice
consumers, particularly underage
users, prone to addiction. Second,
as with cutting agents, the chemicals used for flavoring create an
unknown element in the resulting vapor because of the heat applied by the vape pen. The resulting aerosols produced by flavoring
products have been shown to have
widespread effects on various molecular pathways related to lung
function (17,18). In the context of illicit vape cartridges, added flavoring is cause for concern because of
the sporadic by-products involved
with the resulting aerosols present
in the consumed vapor as well as
the possibility that the flavoring can
be used to camouflage the presence of cutting agents and other additives. One can assume that
the large amount of unknown compounds found in the illicit carts are
additives, which warrant further investigation to identify and quantify.
Among the analytes tested for
in this study, flavoring compounds
proved the hardest to find and
measure. Current regulations do
not specify requirements related
to flavoring, so standard methods
applied to cannabis are not readily available. This is why we determined the unknowns in the illicit
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Illicit Carts versus Legal Carts

Contents

Figure 2: A chart illustrating chemical composition of each cartridge included in
the study. Δ9-THC + CBD (green), minor cannabinoids (dark green), total terpenes
(yellow), Δ8-THC (magenta), vitamin E acetate (red), and other (purple).

carts we tested, that is, the illicit
CBD oil cartridge, to be flavorings.
While the product’s label claimed a
concentration of 10% CBD, testing
showed just 0.42%. It also tested
at 0% for terpenes, 0% for vitamin
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E acetate, had no pesticides, and
contained no other cannabinoids
other than CBD. The only thing outside of CBD that even registered
from the standard testing panel run
for the sample (replicated to match
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Total Cannabinoids versus Total Terpenes

study. Since batteries with their own
potentially hazardous materials are
incorporated into every vape pen
and similar device, the connections
between batteries and cartridges
must also be considered on a caseby-case basis to identify possible
sources of contamination in the final product, both as oil and vapor.

It is quite likely that the
illicit products in states
with no medical or
recreational programs
are filled with more
adulterants because
of a lack of regulations
or education for
consumers and
manufacturers.

Figure 3: A chart demonstrating percentages of total cannabinoids (top number) and
total terpenes (bottom number) in each cartridge tested for this study.

standard Bureau of Cannabis Control [BCC] compliance guidelines)
was a trace amount of ethanol and
a level of lead (8.640 µg/g) 17-times
greater than the allowed amount.
We can organoleptically assume
that vanillin is the primary flavor additive in the illicit CBD cartridge
(that is, the cartridge smelled like
vanilla). This was supported in the
vapor analysis, where this cartridge
was the only one that had a positive hit for a flavoring agent (vanillin). Based on our scan data from
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the sample, vanillin had one of the
highest peaks, meaning that the flavoring is a major component of the
vape (Figure 2).

Hardware and Heavy Metals
The hardware used to vaporize the
cannabis oil inside the cartridges is
currently unregulated under Prop
64. The content of the cartridges and how its various metal components align with trace amounts
found in the oil tested from the cartridges are both in need of further
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The closest thing to an international standard that exists today is
the European Union’s Restriction of
Hazardous Substances (RoHS) directive first instituted in 2002 and most
recently updated in revisions known
as “RoHS 3” that went into effect on
July 22, 2019 which specifically include e-cigarettes (19). The RoHS
directive and related testing looks
at the total amount of the defined
“hazardous substances” in the final
manufactured products to make
sure they are below the threshold
set by the EU. However, the amount
of the material that could potentially leach into products packaged in
the tested materials is not within its
scope. This is why we believe that
stability or shelf life testing should
be incorporated into product qualification studies. This will lead to approved manufacturers of hardware
that meet specific criteria, to be defined by industry and regulators.
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Our study found that the illicit CBD cart bought online contained over 17 times the acceptable amount of lead (limit is 0.5 µg/g),
the cart measured 8.640 µg/g of
lead, which may be due to leaching
introduced from the hardware.

Conclusions
The vapor results show that any minor variation in chemical content
can alter the compounds found in
the vapor (Figure 3). Vitamin E acetate was found at much higher levels than the other cutting agents
and was recovered in the vapor as
well. This has been confirmed by
the CDC who found high levels of
vitamin E acetate in samples from
patients with EVALI. Dangerously high levels of pesticides found
in the illicit carts also play a harmful role when vaporized. It also must
be taken into account that these
samples were obtained in Los Angeles where there is access to a legal market with high-quality products. It is quite likely that the illicit
products in states with no medical
or recreational programs are filled
with more adulterants because of a
lack of regulations or education for
consumers and manufacturers.
In this report, we were able to
qualify harmful compounds and
found them to make up a large portion of illicit cartridges whereas legal cartridges were clean. These
findings further provide evidence
that regulation is working, a ban
would only force patients back into
a dangerous and unregulated market, which would surely lead to
more illness. We encourage all consumers to buy legal products from
licensed dispensaries.

References
1) CDC "Morbidity and Mortality
Weekly Report (MMWR)";
posted online October 11, 2019

VOL 3 • NO 1 • JANUARY/FEBRUARY

CNST0120_44_CannaSafe.indd 51

https://www.cdc.gov/mmwr/
volumes/68/wr/mm6841e3.htm.
2) CDC "Outbreak of Lung Injury
Associated with the Use of
E-Cigarette, or Vaping, Products";
posted online October 29,
2019, updated October 31, 2019
https://www.cdc.gov/tobacco/
basic_information/e-cigarettes/
severe-lung-disease.html.
3) Bureau of Cannabis Control
Text of Regulations, https://
bcc.ca.gov/law_regs/cannabis_
order_of_adoption.pdf.
4) https://www.westword.com/
marijuana/changes-comingto-colorado-marijuanain-2020-11596730.

51

about Vaping and JUULing,”
https://5210.psu.edu/what-parentsneed-to-know-vaping-juuling/.
17) “Adding Flavors to E-Cigarette
Liquids Changes Chemistry,
Creates Irritants” https://corporate.
dukehealth.org/news-listing/
adding-flavors-e-cigaretteliquids-changes-chemistrycreates-irritants%C2%A0.
18) H. Park, M. O’Sullivan, J. Vallarino,
et al. Sci. Rep. 9, 1400 (2019)
doi:10.1038/s41598-018-379139 https://www.nature.com/
articles/s41598-018-37913-9.
19) RoHS 3 (EU 2015/863) https://
www.rohsguide.com/rohs3.htm.

5) W.D. Troutt and M.D. DiDonato,
The Journal of Alternative and
Complementary Medicine
23(11), online (2017), http://doi.
org/10.1089/acm.2016.0337.
6) https://vapingdaily.com/blog/
vaping-temperature/.
7) https://www.herbonaut.com/besttemperature-to-vape-weed/.
8) https://www.leafly.com/news/
cannabis-101/how-to-customize-acannabis-high-with-temperature.
9) https://www.marijuanabreak.com/
best-vape-temperature-for-weed.
10) https://vaping360.com/
learn/optimal-temperatureto-vape-weed/.
11) https://en.wikipedia.org/
wiki/Ohm%27s_law.
12) “Temperature Control Mods”
https://www.rockbottomvapes.
com/mods-apvs/temperaturecontrol-mods/.
13) https://fda.gov/tobacco-products/
rules-regulations-and-guidance/
harmful-and-potentiallyharmful-constituents-tobaccoproducts-and-tobaccosmoke-established-list.
14) https://terpenesandtesting.
com/category/science/
terpene-extraction-science/.
15) https://www.sigmaaldrich.com/
technical-documents/articles/
biofiles/dietary-terpenes.html.

Maha Haq is the Education Administrator at CannaSafe Analytics in Van
Nuys, California. Ini Afia is the Scientific
and Technical Director of CannaSafe.
Neya Jourabchian is the Analytical
Lab Manager of CannaSafe Analytics
overseeing the chemistry and microbial
departments. Direct correspondence to:
press@csalabs.com

16) “What Parents Need to Know

www.CannabisScienceTech.com

|

CANNABIS SCIENCE AND TECHNOLOGY

1/31/20 3:09 PM

52

Feature
Tutorial

Five Steps to Prepare Cannabis Testing
Laboratories for ISO 17025 Audits
This tutorial article outlines some of the steps that cannabis testing laboratories can take to prepare
ahead of a third-party safety audit. It discusses several practical measures that facilities can take to
boost their chances of passing an audit, including advice on time management, essential employee
training, and laboratory management systems that can ensure a smooth and seamless audit process.
Arun Apte
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a third-party safety audit. It discusses several practical
measures that facilities can take to boost their chances
of passing an audit, including advice on time management, essential employee training, and laboratory management systems that can ensure a smooth and seamless audit process.

Why Are Third-Party Audits Important?
There are a number of different scenarios that can result
in a cannabis testing laboratory needing to pass a thirdparty audit of their operations.
Some parts of the U.S. require testing laboratories to
gain some form of official accreditation—normally the
ISO/IEC 17025 standard for testing and calibration laboratories—as an essential part of acquiring their state
testing license. In other regions, state regulations are
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CLOUDLIMS

C

annabis is prohibited at the federal level within
the United States, though many states have chosen to legalize or decriminalize the drug at the
state level. The result of this heavy regional legalization
process has been a patchwork of regulations, in which
each state can impose vastly different restrictions and
freedoms on cannabis businesses.
Regulations in some states now require cannabis testing facilities to pass a third-party audit (1) as part of the
licensing process. For example, some states require that
laboratories achieve ISO 17025 accreditation—which includes an inspection from a qualified ISO 17025 auditor—
to gain their testing license. In other regions, laboratories
might choose to undergo an audit voluntarily.
This tutorial article outlines some of the steps that cannabis testing laboratories can take to prepare ahead of
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enforced by the state sending out their own auditors to
cannabis laboratories to perform inspections (2).
Depending on regional legislation, it may not be required for a cannabis testing laboratory to undergo any
kind of third-party audit. Despite this, large numbers of
cannabis testing laboratories are electing to get a thirdparty audit, or to seek accreditations that require the laboratory to pass an external audit. Having this accreditation, or having passed previous third-party audits, can be
a way for laboratories to demonstrate their quality and
rise above competitors who have not had their methods
externally verified in such a manner.

What Is Involved in a Third-Party Audit?
A third-party audit is carried out by a qualified representative of the auditing body—whether that is ISO/IEC or
the state department responsible for regulating the local
cannabis industry. The auditor has a checklist detailing
all of the relevant requirements that the laboratory has
to meet to demonstrate compliance and all of the documents and areas of the facility that the auditor must inspect and review.
The laboratory is expected to have copies of all of the
relevant documents compiled and available for the auditor to inspect. After these documents have been combed
through, the auditor makes recommendations where relevant, and notes any deficiencies they may have observed.
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lessen the risk of these errors occurring and improve the
quality of operations.
Step 2: Get Organized
One of the most important parts of audit preparation is
ensuring that all necessary documentation is present and
up-to-date.
A large number of documents are required by auditors,
including (but not limited to) a quality manual, a scope
of accreditation, standard operating procedures (SOPs)
for every procedure carried out by the laboratory, training records, and records detailing all testing and calibration procedures. Having all these documents available for
the auditor or inspector reduces the time an assessment
takes and helps make a good impression.
Good organization can also make it easier for laboratories to identify gaps in their documentation, or documents that have not been updated or reviewed recently.
Using a laboratory information management system (LIMS) (4) can be a great help in organizing the
vast amount of documentation needed in a third-party audit. In addition to maintaining laboratory records,
many LIMSFUSsystems
alsoScience
include
functionality
that
can
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How to Prepare for an Audit
Step 1: Begin Preparations Well in Advance
Preparing for a third-party audit could take a couple of
weeks or several months. The time line depends on the
nature of the standards that a laboratory is hoping to
achieve, the current standards of the operation, and also
the extent of the operation. A laboratory that offers a
more basic testing regimen will have fewer testing methods that need to be documented, reviewed, and updated where necessary.
Conducting a gap assessment, where the current operations of a laboratory are compared against the eventual audit checklist, can be helpful in assessing what needs
to be improved before an audit. This assessment can also
help in establishing a time line for how long audit preparations might take.
To prepare fully, it is important to identify all of the areas of operation that will be relevant to the auditing, so
that they can be properly handled during the preparation
time. It can also be helpful to identify any risks (3) that
might affect the laboratory or its reputation—such as the
potential for sample collection errors or incorrect data
interpretation—so that steps can be taken to proactively
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Figure 1: Document management with version control of documents in cannabis LIMS (6).

register and manage all information
relating to samples in the laboratory, and support the easy entry and
validation of test results data into
the laboratory’s records. Using and
maintaining an efficient LIMS correctly can make sure that all necessary audit documentation can be
easily found during a third-party audit, and can be key in proving data
integrity by hosting digital records
of all laboratory data that can validate that no data has been tampered with (Figure 1).
Laboratories may also find it helpful to reorganize the audit criteria
into a list of objectives, sorted by
time frame. Some tasks, such as reviewing the laboratory quality system
and documenting employee competency, are required only on an annual basis, where tasks like instrument
verification will be required daily or
near-daily. By separating the criteria
into a list of objectives to complete
annually, quarterly, or more frequently, laboratories can guarantee that
they are meeting all of the frequency requirements inherent in quality
control regulation, and be well prepared for future reassessments or
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reinspections when a certification
needs to be renewed. A time-focused checklist can also help laboratories to roughly estimate how long
their preparations for an initial assessment might take.
Step 3: Focus on Teamwork
Preparing for a third-party audit is a
large undertaking, especially if this
is the first audit a laboratory has
had to prepare for. Having a quality or a compliance manager who is
responsible for overseeing and directing audit preparation can be of
great help.
However, to maximize the chance
of performing well in an audit, it is
essential to work in a team with the
support of management. Passing
the first third-party audit or achieving a first independent accreditation
requires significant resources, and
so having the committed support of
those in high-level managerial positions ensures there is sufficient manpower, equipment, and financing behind the effort.
Supportive management will also
make it easier to implement staff
training and awareness programs,
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which are essential to ensure quality. To ensure that testing laboratory results are valid and reliable, it is
important to have staff who have received proper training and hold the
necessary qualifications to carry out
their job role effectively. Similarly, to ensure quality and good performance in an audit, it is important
to make sure that all staff are well
trained and aware of what will be expected of them when operating at
this standard.
It may also be advisable to do extra preparation work with staff who
will be interacting with the auditors,
to ensure that they feel comfortable confidently answering questions
about the operation of the testing
laboratory in a formal and professional manner—an employee answering with “normally, what we do
is…” might leave an inspector with
the impression that these quality
standards are not normally kept to.
As well as questioning the present
operation of the laboratory, the auditor may also ask questions about
why a laboratory does not carry out
a certain test or test method. In this
case, employees should be able to
defend these choices using their
training, knowledge, and understanding of the laboratory’s goals
and capabilities.
Step 4: Have an Internal Audit
Once all documentation is prepared and all laboratory operations
are brought in-line with the requirements of the department or accreditation body, the next step in ensuring a successful third-party audit is
to carry out an internal audit.
The internal audit is an opportunity to make sure that all audit
preparations can be reviewed and
deemed acceptable before bringing in an external assessor. In an
ideal circumstance, the person or
team conducting the internal audit
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should not be reviewing their own
work, to make sure that all parts of
the laboratory’s operation are assessed with fresh eyes. Ideally, the
internal auditor, or auditing team,
should work from a copy of the official audit checklist. This helps to
ensure that the internal audit holds
the laboratory to approximately the
same high standards as the thirdparty audit when reviewing documentation and inspecting the laboratory apparatus.
The internal audit is also a good
opportunity to plan and walkthrough the laboratory tour. It is
advantageous to know in advance
where in the laboratory would be
best to stop and discuss with the
auditor about the instrument calibration or operation methods being
used. Walking the route also helps
in making the team more mindful of
what might be visible to the final auditor and shed light on restructuring badly organized shelves.
Once the route is decided, it is
also advisable to make a note to
empty all bins (both physical laboratory bins, and the trash folder on
laboratory computers) on the route.
It is not unknown for auditors to inspect the contents of paper bins (5)
to check for batch records or certificates that have been disposed of
before the inspection.
Step 5: Consider an
External Preassessment
A less essential—but still beneficial—step in preparations is to consider whether the laboratory would
benefit from a third-party preassessment or a mock audit.
There are a number of external consultancy firms who offer audit services for laboratories and
other facilities who are preparing for an upcoming regulatory inspection. External preassessment
mock audits have several additional
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advantages to an internal audit.
Firstly, the consultant mock auditors bring a wealth of experience in
carrying out audits and may be able
to spot deficiencies that a less experienced internal inspection team
might miss. Additionally, the act of
bringing in an external presence to
the laboratory—even though it is
not the official audit team—could
intensify the seriousness of employees that are involved with the mock
audit. This can work as a practice
session for employees to answer
questions from an auditor, and correct gaps, if any, to be filled in employee training.

Conclusion
ISO/IEC 17025:2017 accreditation is
becoming increasingly significant
for cannabis testing laboratories to
demonstrate their technical competency. To prepare your cannabis
laboratory for an ISO/IEC 17025 audit by an accreditation body and
to get successfully accredited, the
cannabis laboratory should obtain
an audit checklist and conduct an
internal audit to understand if there
are any gaps between their systems
and the requirements of the standard. Additionally, cannabis testing laboratories should implement
quality management systems such
as a LIMS to manage documents,
training, changes, inspections, nonconformance, and corrective actions, which save significant time
of the laboratory staff and in turn,
avoid costly mistakes. The success
of an audit depends on adequate
preparation, the effectiveness of
the quality management system,
and the laboratory personnel’s
training and experience as well as
the overall efficiency of processes.
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Dr. Sue Sisley: Advocating for Medical
Cannabis Research, Patients, and Reform
Dr. Sue Sisley has been pioneering research in the U.S. cannabis industry and fighting for quality
cannabis samples to conduct her clinical trials. We recently spoke to her about the challenges she’s
faced, what’s ahead for her future research, and more.
Megan L’Heureux

T

he Hippocratic Oath charges medical doctors to uphold specific covenants throughout their career as
physicians. One such proclamation is to “respect
the hard-won scientific gains of those physicians in whose
steps I walk, and gladly share such knowledge as is mine
with those who are to follow” (1). How does this message
track when you consider medical cannabis? The medical
community is historically not taught about the benefits of
cannabis or the overwhelming evidence of an endocannabinoid system. What are doctors to do when their patients come in seeking help or advice about using cannabis as a treatment?
There are a number of doctors and medical professionals trying to answer this call to action by paving the
way forward with research and educational efforts. For
instance, Dr. Suzanne (Sue) Sisley, MD, is an Arizonabased physician practicing internal medicine and serving
as the president and principal investigator of Scottsdale
Research Institute (SRI). At SRI, Sisley is conducting controlled trials of smoked and vaporized cannabis, attempting to move whole plant flower through the entire U.S.
Food and Drug Administration (FDA) drug development
process. The mission statement for SRI states (2):

“The purpose of the Scottsdale Research Institute is to coordinate rigorous, scientific studies
to assess the safety and efficacy of cannabis and
cannabis compounds for treating medical conditions… Research will focus on the potential medicinal benefits of cannabis for diseases and conditions as specified by the National Academy of
Sciences, Institute of Medicine Report (1999 and
2017) and by the Workshop on the Medical Utility
of Marijuana, National Institutes of Health (1997).
The SRI will strive to conduct high quality, controlled scientific studies intended to ascertain
the general medical safety and efficacy of cannabis and cannabis products and examine various
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forms of cannabis administration. The Institute
will be seen as a model resource for health policy planning by virtue of its close collaboration
with federal, state, and academic entities. The SRI
will also highlight the current barriers to federallyregulated Marijuana Research.”
Sisley is also the Medical Director for medical marijuana (MMJ) license holders in 12 different states in the U.S.,
from Hawaii to New Jersey. She offers patient education
and physician engagement, serves as a faculty member
at Colorado State and Humboldt State Universities, and
speaks at cannabis conferences all over the country.
It’s clear that Sisley is on a mission to educate the public and her peers about the objective data on medical
cannabis, but not without scientific research to guide her.
She wants to understand why cannabis is working for so
many of her patients and then share that knowledge with
the greater medical and scientific communities. Despite
her earnest endeavor, Sisley has been met with many obstacles along the way, specifically from the federal government. In the following, we learn more about Sisley’s
research efforts, the challenges she has faced, and her
plans for the future.

A Hesitant Start
As stated earlier, even today most medical professionals
are not taught about cannabis as a treatment option or
the endocannabinoid system. Therefore, it should come
as no surprise that Sisley was hesitant to take cannabis
seriously as a medicine at first. “The only thing I knew
about cannabis was from my medical school residency
training, which taught me that it was just a dangerous,
addictive plant that should be avoided,” said Sisley.
Sisley explained that she kept hearing anecdotes about
cannabis use from her patients—mostly military veterans
and their families that she’s been treating for more than
20 years—who were reluctantly revealing that cannabis
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Figure 1: Sisley with her dog, Dodger, on a hemp farm in Oregon.

was helping them more than traditional pharmaceuticals. “My thinking was so blocked back then,” she
explained. “But what really drew me
in was, over the course of years, this
continual mountain of anecdotal evidence that kept piling up and even
collateral history from all these family members saying how they got their
loved one back. I just couldn’t ignore
that anymore.”
At the same time, veteran suicide
rates were drastically on the rise. Sisley said that she started seeing veterans in her own practice who were
ending their lives. “It was then that
I realized that we needed to look
harder at what this plant has to offer
through controlled trials,” she said.

A Difficult Road to Research
From there Sisley became curious
about the barriers to cannabis research in the U.S. and uncovered
a road fraught with obstacles. She
partnered with the Multidisciplinary
Association for Psychedelic Studies
(MAPS), which is “a 501(c)(3) nonprofit research and educational organization that develops medical,
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legal, and cultural contexts for people to benefit from the careful uses
of psychedelics and marijuana” (3).
“They [MAPS] were the ones who
helped guide me through this—
navigating all these regulatory hurdles to be able to get the studies
under way,” said Sisley. “It’s been
an incredible team to work with.
These guys have 30 years of experience doing nonprofit drug development research. So, they really
helped shape a lot of my commitment to scientific freedom and to
furthering FDA approved clinical
trials in this area.”
Sisley’s primary target for research
followed suit with what she was witnessing with her patients: she wanted to conduct a clinical trial with veterans suffering from post-traumatic
stress disorder (PTSD). The study
took 10 years to complete because
Sisley was impeded by the government at every turn—so much so that
she initiated the lawsuit against the
U.S. Drug Enforcement Administration (DEA) (see “Sisley Versus the
DEA” further on). However, the study
is nearing the finish line now.
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“The study we just completed was
an FDA phase two trial, so it’s an
early phase drug development trial, looking at four different varieties
of smoked cannabis flower in these
military veterans that have PTSD,”
said Sisley.
Unfortunately, the data could not
be shared with us at press time because the specifics of the study have
not been published yet. “We have to
go through peer review to get publication, but we’re hopeful because
this is the kind of gold standard research that the medical community
really embraces. Randomized controlled trials are what we all demand
as physicians, and they have a lot of
credibility,” said Sisley.
Sisley said she fully expects a
peer-review committee to embrace
her research. However, she was able
to share that all scientists who strive
to study cannabis as a medicine
(herself chief among them) are concerned about the quality of the cannabis used in the trial undermining
the efficacy of the data. One of the
many challenges Sisley faced in conducting her clinical trial was obtaining quality, real-world cannabis. The
University of Mississippi, which has a
contract through the National Institute of Drug Abuse (NIDA) to grow
cannabis, has historically and currently been the only place where researchers in the U.S. could get access to cannabis for their studies.
Sisley Versus the DEA
This is where Sisley’s lawsuit comes
into play. The cannabis she received
for her clinical trial was moldy and diluted with stem, sticks, and leaves.
“It’s not just the flowering tops of
the plants. There’s all this extraneous plant material, which may harm
these outcomes,” she said. “That’s
why we decided to pursue litigation
against the DEA because we just feel
that this is an abomination the way
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that the government is enforcing this
monopoly at the University of Mississippi for more than 50 years.”
Sisley explained that the University of Mississippi has been the only
federally legal drug supply for every cannabis controlled clinical trial in
the U.S. “Think about all these other studies that were potentially undermined by this low-quality plant
material,” she said. “All we’re asking
for is a level playing field. We want
to be able to study real-world cannabis and that’s not what we’re getting
from our federal government.”
Sisley also explained that cannabis is the only Schedule I drug restricted by such a monopoly. “MAPS,
my study sponsor, when they study
MDMA
[3,4-Methylenedioxymethamphetamine], LSD [Lysergic acid
diethylamide], or any other drug in
Schedule 1, they don’t go to NIDA
to purchase their study drug. They
can buy research-grade MDMA or
mushrooms from any laboratory in
the country or outside of the country.
There are no limitations,” she said.
“But with cannabis, it’s the only drug
in Schedule 1 that has this absurd situation where we only have one federally legal drug supply. That has to
change. That must change immediately because if the DEA does not finally move forward to license other
growers for drug development research, we will never see rigorous
clinical trials progress properly.”
Sisley pointed out that other
countries all have multiple growers for research, and they are miles
ahead of us now, in terms of clinical trials. “We may never be able to
catch up,” she said. “We’re just so
far behind on this, it’s going to take
years. Even if the DEA finally approved additional growers tomorrow, it would still take them years to
get up and running because it’s not
like you can just implement some
pop-up GMP grow facility.”
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Figure 2: Sisley and Dodger strike a
pose at the 2019 Cannabis Science Confernece West, where Sisley participated
in several talks and panel discussions.

Furthermore, a proper pharmaceutical-grade cultivation site would
need to eventually meet good manufacturing practice (GMP) criteria
from the FDA, and it could take many
growth cycles to get to that point.
Sisley said that’s why it’s so imperative that the DEA act now. “They
promised us in 2016 on the Federal Register that they would license
other growers for research, and they
have not followed through on that.
They happily processed my credit card for over $3000 but never processed our Schedule 1 manufacturer application,” said Sisley. “We’re
hoping that this litigation will light a
fire under them to finally do the right
thing and rebuild their credibility
with the public, which has been really harmed by these apparently fake
announcements where they have no
intention of making good on their
pledges to the public.”
In 2016, the DEA announced that it
would start accepting applications for
other licensed growers to supply cannabis for legitimate research in the
U.S. (4,5). However, the applications
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have not been approved in the time
frame outlined in 2016, which stated a 90-day review. In June 2019, Sisley filed a lawsuit against the DEA
seeking action on SRI’s application
to grow cannabis (6). The petition to
the court says in part that the cannabis Sisley received from the University of Mississippi for her PTSD clinical
trial with veterans “arrived in nearpowdered form, diluted with extraneous material like sticks and seeds,
and many samples were excessively
moldy.” The petition explains that allowing SRI to grow its own cannabis
would improve drug quality and genetic diversity as well as provide them
with more options for potency, cannabinoid and terpene profiles, and
better prevention of mold and mycotoxin, especially when dealing with
immuno suppressed patients in clinical trials. They have been waiting for
the DEA to respond for more than
three years, which according to the
petition is an unlawful and unreasonable delay.
In late August 2019, the DEA announced in a press release (7) that it
would be moving forward to facilitate
and expand scientific and medical research for cannabis in the U.S. The
DEA said they would be providing notice of pending applications from entities applying to be registered to manufacture cannabis for researchers.
Sisley, however, is rightfully skeptical after waiting so long for her
own application to be processed,
and believes the DEA made that announcement in response to a deadline from her litigation. “There was
a panel of judges that ordered the
DEA to respond in 30 days, and on
the eve of the day that they were required to respond, suddenly they
came out with this announcement,
which was really the relief that we
were seeking,” she said.
“We consider it a victory in some
respects, at least theoretically, this
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is only a minor achievement because
it has not resulted in any tangible
change. Researchers still have to purchase cannabis solely from University of Mississippi for now and until the
day this monopoly is finally dismantled. And the government has not
provided any timetable when they
will process these applications and
approve new growers so this could
be years or even decades away,”
said Sisley. “The DEA is now admitting that these 33 applications have
been sitting on their desk for three
years, and they are claiming they will
be moving forward. But sadly, for scientists like me that have dealt with
federal agencies and the slow and
extensive bureaucracy here, I don’t
view this as a time to celebrate at all.”
Sisley explained that she views this
as just another delay tactic. Her big
fear is that the application approvals
will be postponed indefinitely. “It’s
not a tangible victory until the studies are finally really moving forward
with real-world cannabis,” she said.
Assuming one day there is a true
victory and Sisley is able to conduct studies with real-world cannabis grown in the U.S., she plans to run
another PTSD clinical trial. Until then,
Sisley plans to import cannabis from
foreign growers to conduct her clinical trials. She can request GMP-grade
cannabis flower to be imported into
the U.S. for the purpose of a federally-approved clinical trial by opening a drug master file with the FDA. If
this flower meets the FDA’s nebulous
GMP criteria, then the DEA must allow the flower to be delivered into the
U.S. for an FDA institutional review
board (IRB) approved protocol.

Pain, Opioid Addiction, and
Athletes: Sisley’s Expanding
Cannabis Research
Sisley has also done some research using cannabis to treat pain and opioid
addiction, relating that work with some
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of her patients that are professional athletes. This branch of her research also
began with what she was witnessing
with her patients that are veterans. Sisley explained that when the veterans
were reporting that they were able to
wean themselves off their opioids using cannabis, she was dubious. However, she started to see that those patients
no longer needed her to write prescriptions for pain pills.
“I was stunned because you don’t really see that very often, right? Usually patients need more and more. They
build up tolerance, and they need their
prescriptions to double and triple over
years,” said Sisley. “I was so grateful to
see these patients seeking out plantbased alternatives, especially cannabis.”
That put Sisley on a path to start
asking scientific questions and building studies around cannabis as an alternative to opioids and a treatment
option for pain. She began a partnership with the University of Michigan, and they published survey
data in the Journal of Pain (8). “Even
though it was survey data, the peerreview committees still saw value in it
because it was rigorous and demonstrated a real trend that we’re seeing
nationwide where patients are choosing cannabis over these much more
addictive prescriptions,” said Sisley.
Patients were not just coming off of
opioids though—Sisley said they were
able to wean off other addictive pharmaceuticals such as benzodiazepines
and some of the really addictive sleep
aids and anti-anxiety meds. “I’m so eager to find safer alternatives to these
drugs because they’re pretty toxic,” said Sisley. “If cannabis—a natural
flower—could help patients walk away
from these pharmaceuticals, it seems
like an ideal situation.”
With this research trend out in the
field, Sisley started hearing from athletes seeking help coming off opioids.
She explained that initially she was
hearing from players in The National
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Football League (NFL) and The National Basketball Association (NBA), but
slowly other athletes from all around
the country started contacting her.
“We were getting inquiries from
MMA [mixed martial arts] fighters, from hockey and rugby players,
who were starting to realize that the
league management was pummeling
them with all these opioids,” said Sisley. “They were kind of distributed like
candy, and they weren’t being provided the proper informed consent.”
Sisley explained that normally in
her clinic she tells patients all of the
pros and cons of each prescription
she writes. However, in these athletic leagues there’s so much pressure
to perform or to get back on the field
that often athletes are not properly
informed. “So, these folks would just
get opioids and other, anti-inflammatory injections so they could get back
out there, and they weren’t provided
the proper profile of the risks and the
potential addiction,” said Sisley.
Sisley began treating a lot of these
athletes, especially ones who’d retired and realized that they were suddenly completely dependent on
these opiates. She explained that
they would ask for guidance on how to
kind of cross taper off the opioids and
onto cannabis, which she was doing
successfully with a lot of players. One
such player was Mike James, an NFL
running back, who was featured in the
CNN “Weed 4” documentary with
Sanjay Gupta (9). James was injured
during a Monday night football game
and required surgery, after which he
was given opioids to treat his pain.
“James had an opioid dependency
and a strong family history of substance
abuse,” said Sisley. “He was really vulnerable and almost suicidal—going
down a path where he may not have
survived. But luckily, I think cannabis
saved him and his family.”
Unfortunately, for players like James,
the NFL does not support medicinal
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cannabis use. So, James became an ad- has set aside $100 million to study playvocate to help change that policy. The
er wellness as part of the concussion
CNN documentary put some pressure
settlement, and they refuse to use any
on the NFL to do something, but James
of that money to study cannabis,” said
and Sisley took it a step further by filing
Sisley. “That would be a perfect opa therapeutic use exemption (TUE) for
portunity for them to at least support
his medical use of cannabis.
the science and to be able to show the
“James and I were the first doctor–pa- public and the players that they really
tient team to ever submit a cannabis
do care about this. There’s a potential
TUE to the NFL,” said Sisley. “We sub- for them to uncover a new treatment
mitted the TUE to enable him to stay
for pain, and they just won’t invest anon cannabis because we explained how
ything into that.”
he successfully got off the opioids and
On the other hand, Sisley commendwas using cannabis alone to manage his
ed the National Hockey League (NHL)
pain. This was working well for him and
and Major League Baseball (MLB) for
he was still performing well on the field.” their friendliness towards cannabis.
Despite the pressure from the CNN “They’ve never sanctioned players for
report and the TUE, the NFL would not
testing positive. I think they’re a model
approve of cannabis use for James. He
for all of the rest of these professional
ultimately chose to retire early.
leagues,” said Sisley. “If everyone could
“That’s what we see with so many
behave like them and have more complayers now—they are either not enter- passion toward players who want to
ing professional leagues or they’re retir- seek out a safer alternative to opioids, I
ing early because they realize that they
think that would be extremely valuable.”
won’t be able to access cannabis legally
Unexpected Discoveries
while they’re in the league, while they’re
Sisley noted a few surprises in her canactive,” said Sisley.
nabis research, such as getting a more
Sisley foresees leagues such as the
balanced perspective and understandNFL and NBA struggling down the
road if they don’t change their poli- ing that there are true risks and benefits
to cannabis use.
cy on medical cannabis because more
“One of the best things that hapand more players are realizing that they
don’t want to get these repeated inju- pened to me was being able to observe
patients in the lab every day who were
ries, especially concussions, without
smoking cannabis flower and to see
being able to use treatments that they
that there are legitimate side effects,”
know are less addictive and possibly a
neuroprotectant to prevent progres- she said.
Sisley explained that it’s easy to get
sion of brain injury.
swept up in the enthusiasm of the can“We have clear peer-reviewed data
now showing that cannabis is definite- nabis movement and start to lose objectivity as a scientist. But when she fily a neuroprotectant,” said Sisley. “The
nally got to really study cannabis day in
fact that the leagues won’t allow their
players access to this plant is uncon- and day out, she saw tangible—and in
some cases concerning—side effects
scionable really.”
as a physician. “I also balance that with
Sisley also explained that during
meetings with the NFL they submit- the fact that these side effects are still
far more minimal than most of the preted study designs and proposals of
how they could do a real controlled tri- scriptions that I write for patients every
day in clinic,” she said. “I’m trying to emal looking at cannabis in either active
anate a more balanced approach when
players or off-season players, but the
NFL wouldn’t respond to that. “The NFL I talk to the public to be clear that this
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is a medicine like any other. There are
risks and benefits. There are real side
effects. But through good clinical trials,
there are ways that we can learn to minimize those side effects and harness the
medical potential in a better way.”
Another thing that surprised Sisley was the efficacy of smoking flower,
which was something she initially underestimated. She explained that she
was very dismissive of smoking flower at
first because as a physician she doesn’t
want people to smoke anything. Sisley
said she spent 10 years of her life fighting for the Smoke Free Workplace Act
in Arizona and called it a strange irony
that she is now the principal investigator
on cannabis smoking studies.
“I have to acknowledge that smoking
is a very legitimate delivery mechanism,
and it’s incredibly powerful and robust,”
said Sisley. “In some cases, pulmonary
function testing even improved with
smoked cannabis flower, and I was really mystified by that because it seems so
paradoxical to what you would expect
as a physician.”
Sisley went on to explain that this
federal government-funded pulmonary
safety research speaks volumes about
how much more study and education is
needed about this plant. She thinks we
can learn a lot from Native Americans
and how they’ve learned to harness the
medical benefits of cannabis and other
plant-based medicines through smoking and ceremony. “We need to stop
vilifying smoking and start utilizing it
through FDA-controlled trials so that
we can really understand more about
the risks and benefits of smoking,” said
Sisley. “Our research is focused only on
smoked and vaporized flower because
we are so convinced that this is the best
technique for extracting the medicine
without chemicals.”

Future Studies
The next study Sisley wants to tackle is late-stage cancer patients. She
plans to evaluate smoked cannabis
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flower for treating cancer patient’s quality of life and pain
issues with flower from a Canadian LP.
“There’s such a broad breadth of medical conditions that
seem to be responsive to cannabis that it’s almost like a
candy store where there’s just too much to choose from
and you don’t know where to start,” said Sisley. “So, we’ve
chosen to focus our studies on PTSD, cannabis for pain,
and cannabis as a substitution for opioid dependence.”
PTSD resonates with Sisley the most because it’s such a
complex illness. She explained that because there are so
many different target symptoms right now that illness ends
up getting treated with many different pharmaceuticals to
hit each target symptom. There has not been a new treatment for PTSD in more than 18 years. “That’s why the idea of
cannabis is so compelling to me, because it seems like this
complex flower can treat the entire constellation of PTSD
symptoms with one intervention versus the typical polypharmacy,” said Sisley.
“I’m eager to uncover a new treatment for PTSD, and
I hope cannabis will prove to be that,” she added. “But
I don’t know. We need to do much more aggressive research and hopefully see government funding come to
bear in this because trying to fund nonprofit drug development research through private donors or investors is
nearly impossible since they all ask about ROI, return on
investment, which is impossible to predict nor guarantee
with randomized controlled trials.”
Sisley’s ultimate goal is to one day see cannabis flower
on the shelf next to conventional pharmaceuticals with an
FDA indication. “Our whole mission is trying to get cannabis on the market with an FDA indication for PTSD, pain, or
opioid substitution so that finally insurance companies will
have to pay for it,” she said.
For Sisley’s patients and other medical cannabis patients, that day can’t come soon enough.

6) http://www.yettercoleman.com/wpcontent/uploads/2019/08/In-re-ScottsdaleResearch-Institute-LLC.pdf.
7) https://www.justice.gov/opa/pr/dea-announces-stepsnecessary-improve-access-marijuana-research.
8) K.F. Boehnke, J.R. Scott, E. Litinas, S. Sisley, D.A. Williams,
and D.J. Clauw, Journal of Pain 20(7), 830–841 DOI:
https://doi.org/10.1016/j.jpain.2019.01.010 (2019).
9) https://www.cnn.com/videos/health/2018/04/27/
weed-4-james-excerpt-gupta.cnn.

For more with Dr. Sisley, please watch our video interview series:
w w w.c a n na b i s s ci e n cete c h.co m/c a n na b i s - s ci e n ce conference-videos/dr-sue-sisley-talks-cannabis-and-nfl-ptsdand-more.
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ENHANCING THE ANALYSIS OF
CANNABINOIDS AND TERPENOIDS
A new product package from SepSolve Analytical allows analysts to
streamline the detection of psychoactive and aroma-active cannabinoids
and terpenoids in complex cannabis extracts. The package comprises
a flow-modulated GC×GC system for
unparalleled separation capacity, with
simultaneous detection by FID (for robust quantitation) and TOF-MS (for analyte speciation).
To aid characterization of challenging compounds,
Tandem Ionisation® is used to simultaneously generate
hard and soft EI mass spectra, providing additional information that aids structural elucidation and enhances confidence in the identification of isomers.
Find out more about our product package for
cannabis analysis and download the white paper:
chem.sepsolve.com/Cannabis
SepSolve Analytical
(519) 206-0055
hello@sepsolve.com
chem.sepsolve.com/Cannabis
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B O O S T YO U R
CANNABIS SAMPLE
P R E PA R AT I O N W I T H
M U LT I WAV E G O A N D
M U LT I WAV E 70 0 0

- Complete digestion of different samples even in the same run with Multiwave 7000
- Multiwave GO offers the most economically-efficient
microwave digestion with the smallest footprint
- Easy handling with disposable glass vials
in Multiwave 7000 and tool-free vessels in
Multiwave GO
- Compact benchtop devices with integrated
touchscreens and highly-efficient cooling designs
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