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Calibration Science, Part IV:  
Calibration Metrics
By Brian C. Smith

Now that we have discussed cali-
bration lines, we now need to 
discuss how to measure their 
quality, that is, we need to study 

calibration metrics. We will discuss 
variance and how it is measured. Then, 
using illustrations and equations we 
will see how to calculate the standard 
deviation of a data set, which will give 
us a measure of accuracy; how to calcu-
late the correlation coefficient, which 
was introduced in the last column; and 
the F for Regression, a measure of a 
thing called the robustness of a calibra-
tion, which is an obscure but important 
measure of calibration quality.

Variance
Hold on to your hats. To understand cal-
ibration metrics, we must talk about sta-
tistics. I will try to make this as painless 
as possible, using words and figures in 
addition to equations to explain things.

The mathematical concept of 
variance is also known as scatter or 
dispersion. In a set of data, variance is a 
measure of how the data are distributed 
with respect to the average of data. This 
is illustrated in Figure 1.

In Figure 1, the black dots represent 
data points, and the X represents the 
average of the data set. To put this all in 
concrete terms I will use the isopropanol 
(IPA) in water infrared spectroscopy 
calibration line example from last time 
(1). The peaks used in the peak area 
calculations are shown in Figure 2, 

the standard concentration and peak 
area data are in Table 1, and the actual 
calibration line is in Figure 3.

Note in Table 1 that the %IPA 
concentrations vary from 9% to 70%, this 
is an example of variance. The average 
of the %IPA values in Table 1 is 37%, this 
would be the X at the center of Figure 
1. This variation in IPA concentrations 
listed in Table 1 is intentional: we varied 
the standard concentrations to obtain a 
concentration range that brackets those 
of the expected unknowns, a principle 
discussed before (2). Unintentional 
variance comes from random and 
systematic error, which we have also 
discussed (3). Imagine the data points in 
Figure 1 are the predicted values obtained 
by applying the calibration seen in Figure 
3 to the spectra in Figure 2. Thus, in our 
example the total variance is equal to the 
sum of the variance from using standards 
with different concentrations AND from 
the error. Both these sources contribute 
to the variance seen in Figure 1. How do 
we go about quantifying this variance? 
Well, keep reading.

Variance in Pictures  
and Equations
Note that the outer circle in Figure 1 is 
labeled “total variance” and is obtained by 
simply drawing a circle that includes all 
the data points as shown. To measure the 
distance, that is, variance from any given 
data point i to the average, we can simply 
subtract their values as seen in Equation 1:

Vi = Yi – Y         [1]

where Vi is the variance of data point 
I; Yi is the value of data point I; and Y is 
the average of all data points.

Remembering that in our example 
each Yi is simply a predicted %IPA value.

The total variance then would be 
the sum of all variances for all the data 
points as given by Equation 2:

Total Variance = Σi(Yi – Y)        [2]

where Σ i is the sum over all variances; 
Yi is the value of data point I; and Y is 
the average of all data points.

Now the tricky bit here is some of 
the variances will have positive values, 
and some negative values, and when the 
sum is calculated they will cancel, not 
giving the true size of the variance. That 
is why rather than using Equation 2 to 
measure the total variance, we square 
each individual variance so all the values 
are positive, then add these numbers 
together as seen in Equation 3:

SST = Σi(Yi – Y)2         [3]

where SST is the sum of squares 
total, the total variance; Σ i is the sum 
over all variances; Yi is the actual value 
of data point I; and Y is the average of 
all data points.

Now given the outer circle seen in 
Figure 1 spans the total variance, the SST 
is the calculated total variance, is the area 
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of this circle. Hence in Figure 1 it says 
“SST, Total Variance, Outer Circle”.

Now, no model will predict all 
standard concentrations with 100% 
accuracy because of random and 
systematic error. In other words, for 
the calibration line seen in Figure 3 the 
line will never pass through the center 
of all the data points, although this 
calibration line is close to that ideal. 
This means calibration models can 
model some variance but not all of it. 
How then do we measure the variance 
accounted for by a model? That would 
be seen in Equation 4:

SSR = Σi(Y’ – Y)2         [4]

where SSR is the sum of squares 
explained by regression (the variance 
modeled); Y’ is the predicted value; and 
Y is the average value.

The term SSR is annoying, but is what 
is used in the literature. It is simply the 
variance accounted for by a model, but 
the “regression” thing is assuming we 
are using a regression algorithm, which 
in this case we are: linear regression.

In our example, each Y’ would be a pre-
dicted %IPA value as determined by ap-
plying the equation for the calibration line 
seen in Figure 3 to the peak area data seen 
in Table 1. Each (Y’ – Y) is the difference 
between each predicted value and the av-
erage, then everything is squared to get all 
positive numbers, and all this is added to-
gether. In terms of the diagram in Figure 
1, the SSR is the area of the inner circle, 
hence it says, “Variance Modeled, SSR, In-
ner circle.” This makes sense because the 
SSR is based on the difference between the 
predicted values, the variance accounted 
for by the model, and the average.

What we have left to calculate 
is the variance not accounted for 
by the model. In other words, the 
magnitude of the total error in the 
model predictions. For the calibration 
line in Figure 3 this would be the space 
between the known %IPA standard 

values and the average. How do we 
calculate this? Equation 5, of course:

SSE = Σi(Yi – Y’)2         [5]

where SSE is the sum of squares due 
to error (variance not modeled); Yi is the 
actual value; and Y’ is the predicted value.

The SSE, the sum of squares due 
to error, quantifies the variance not 
modeled, and is the sum of the squares 
of the difference between the predicted 
and actual values. For our IPA example, 
Yi would be the known IPA%, and Y’ 
would be the predicted % IPA for each 
sample. The SSE corresponds to the 
area of the torus in Figure 1, where it 
says “Unmodeled variance, SSE, torus”.

Equations 3-5 are known as the 
“sums of squares” equations because in 
each case a quantity is calculated, it is 
squared, and then summed. To summa-
rize, the SST is the sum of squares to-
tal, measures the total variance, and de-
pends upon the actual values and their 

Figure 1 A set of data showing variance around the data average, denoted by X.

Total Variance  
(SST, outer circle)Variance Modeled 

(SSR, inner circle)

Unmodeled Variance 
(SSE, torus)

x

Figure 1: A set of data showing variance around the data average, denoted by  X

Wavenumber (cm-1)
3000         2990          2980          2970          2960          2950          2940         

Figure 2 Infrared spectra of five IPA in water standard samples. The peak marked at 2973 cm-1 changes with IPA concentration and will be used to create a calibration.
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Figure 2: Infrared spectra of five IPA in water standard samples. The peak marked at 
2973 cm-1 changes with IPA concentration and will be used to create a calibration.

Table I: Volume percent IPA of 
standard samples and corresponding 
peak areas

%IPA Area
9 1
18 2.2
35 4.9
53 8
70 11
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average. The SSR is the sum of squares 
accounted for by regression, meas-
ures the amount of variance account-
ed for by a calibration model, and de-
pends upon the predicted values and 
the average. Lastly, the SSE is the sum 
of squares due to error, and depends on 
the actual and predicted values.

Calibration Metrics
Standard Deviation
Now we come to the reason why we 
slogged through all the math and statis-
tics above, to be able to derive equations 
that tell us the quality of calibrations 
obtained with analytical instruments. 
The standard deviation, σ, is something 
we have discussed in the past (4). My way 
of explaining is that it is the average error 
per data point in a data set. In our %IPA 
example it would be the average error 
between the known and predicted %IPA 
values. If you look at the SSE equation 
(Equation 5) above, note that it also de-
pends upon the known values, Yi, and the 
predicted values Y’. So, can we use SSE to 
calculate the standard deviation? Yes, we 
can as given by Equation 6:

σ = (SSE/n-1)1/2         [6]

where σ is the standard deviation; 
SSE is the sum of squares due to error; 
and n is the number of data points.

If our data points are in units of %IPA, 
the SSE is in units of (%IPA)2, hence the 
need to take the square root of the term 
on the right-hand side in Equation 6. The 
number of data points, n, in terms of an-
alytical instrument calibrations, is the 
number of standards used. For our IPA 
example, it is 5 as taken from the data 
in Table 1. Equation 6 is consistent with 
other equations I have presented to cal-
culate the standard deviation as it has 
the total error in the numerator and the 
number of samples in the denominator.

Correlation Coefficient
The correlation coefficient, R, was 
mentioned in the last column (1). If you 
look closely at Figure 1 the big circle 
represents SST, the inner circle SSR, and 
the torus SSE. Visually, you can see that 
the area of the big circle is equal to the 
area of the inner circle and the torus. In 
other words, the total variance equals 
the sum of the variance modeled and 
the variance not modeled (due to error) 
as expressed in Equation 7:

SST = SSR + SSE         [7]

where SST is the sum of squares total, 
the total variance; SSR is the sum of 
squares due to regression, the variance 
modeled; and SSE is the sum of squares 
due to error, the variance not modeled.

Recall (1) that the correlation coeffi-
cient is on a 0 to 1 scale, where 1 means 
a perfect correlation between actu-
al and predicted values, and 0 means 
there is no correlation. Note that I said 
R depends upon actual and predict-
ed values, well so does the SSE seen in 
Equation 5, thus we can write how R is 
calculated in Equation 8:

R = (SSR/SST)1/2         [8]

where R is the correlation coefficient; 
SSR is the sum of squares due to regres-
sion (variance modeled); and SST is the 
sum of squares total (total variance).

Note that in Equation 8, R is calculat-
ed as a ratio. What R really represents is 
the fraction of variance accounted for by 
a model. If SSR = SST there is no error, 
and we get R = 1. If none of the variance 
is modeled SSR = 0 and R = 0. Thus, we 
now know why R is on 0 to 1 scale.

A final calibration metric that is use-
ful to calculate is the F for Regression 
(5). It is given by Equation 9:

F = (SSR/SSE)(n-m-1/m)         [9]

where F is the F for regression; SSR 
is the sum of squares due to regression; 
SSE is the sum of squares due to error; n 
is the number of data points (number of 
samples); and m is the number of inde-
pendent variables.

The first term in Equation 9, SSR/
SSE, is the ratio of the variance mod-
eled to the variance unmodeled, that 
is the error. This is a lot like a signal to 
noise ratio, which we have talked about 
before (3). The greater the variance 
modeled compared to the variance un-
modeled, the better the model. The 
variable m is 1 for our %IPA example.

The F for regression is a measure of 
the robustness of a calibration, which is 
a measure of how strongly the model re-
sponds to changes in the input values. In 
the real world a robust stance is when you 
are standing on two feet, a small poke will 
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Figure 3: Calibration line plot of peak area vs. volume percent IPA based on data in Table 1.
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not topple you over. A non-robust stance 
would be standing on one foot, and the 
same small poke may be enough to top-
ple you over. Similarly, calibrations may 
be accurate but not robust because a small 
change in conditions can have a huge ef-
fect on the results. Therefore, robust cali-
brations are always preferred, sometimes 
even at the expense of accuracy.

Conclusions
Variance is a measure of the spread or 
scatter in the data, and for calibrations 
the total variance equals the variance 
modeled plus the variance unmodeled. 
The three sums of squares equations 
measure the total variance, SST, 
the variance modeled, SSR, and the 
error, SSE. The calibration metrics of 
the standard deviation, correlation 

coefficient, and F for regression can be 
calculated from these quantities.
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In the realm of cannabis science, 
understanding the distinctions 
between cannabinoids derived from 
hemp and those from cannabis 

is crucial. While both plants belong 
to the Cannabis sativa species, they 
exhibit significant differences in 
their chemical compositions and 
legal classifications. Moreover, 
the availability of hemp-derived 
tetrahydrocannabinol (THC) 
products online adds another layer 
of complexity to the conversation. 
Let’s delve into the nuances of these 
cannabinoids and unravel why hemp-
derived THC products have become 
increasingly accessible.

Cannabinoids are a class of chemical 
compounds found in cannabis plants, 
including both hemp and cannabis. 
These compounds interact with the 
body’s endocannabinoid system, influ-
encing various physiological processes, 
such as mood, memory, appetite, and 
pain sensation. Among the hundreds 
of cannabinoids identified, THC and 
cannabidiol (CBD) are the most well-
known and studied.

Hemp vs. Cannabis: 
Understanding the Contrast
Hemp and cannabis share the same genus 
and species, but they differ significantly 
in their cannabinoid profiles and uses. 
Historically, hemp has been cultivated 
primarily for industrial purposes, such as 
textiles, paper, food, and wellness prod-
ucts. It contains high levels of CBD and 
low levels of THC, typically below 0.3% 
THC content by dry weight, as mandated 
by law in many jurisdictions.

On the other hand, cannabis, com-
monly referred to as marijuana, con-
tains higher levels of THC. THC is the 
cannabinoid responsible for the “high” 
associated with cannabis consumption, 
along with varying levels of CBD and 
other “minor” cannabinoids. Cannabis 
strains can have THC concentrations 
ranging from a few percent to over 
20%, depending on the cultivar.

Hemp-Derived THC 
Products: Legal and 
Regulatory Framework
The legality of THC products, whether 
derived from hemp or cannabis, hinges 

on the concentration of THC and the 
specific regulations governing their 
production and distribution. In many 
jurisdictions, hemp-derived products 
with less than 0.3% THC are considered 
legal, while cannabis-derived products 
may be subject to stricter regulations or 
outright prohibition.

The emergence of hemp-derived 
THC products online can be 
attributed to the Farm Bill of 2018 in 
the United States, which legalized the 
cultivation and commercialization 
of hemp and hemp-derived products 
with low THC content. This 
legislation opened doors for the 
production of a wide range of hemp-
derived CBD and THC products, 
including oils, tinctures, edibles,  
and topicals.

However, it’s essential to note 
that regulations surrounding hemp-
derived THC products vary globally. 
These hemp-derived products that 
contain Delta-9 or Delta-8 THC are 
produced through chemical synthesis, 
which converts CBD into THC. While 
they are hemp-derived, the hemp 

Decoding Cannabinoids: 
Exploring the Differences Between 
Hemp and Cannabis
By Lo Friesen

 At one point in time, it was easy to make the statement that CBD comes from hemp and THC comes from cannabis. 
However, these parallel industries have been developing rapidly and the dividing lines have blurred. Products like 
“hemp-derived” THC gummies or high-CBN tinctures can be found in both hemp and cannabis marketplaces. This 
article will cover what the differences are between hemp and cannabis, the products that are on the market today, 
and why it is important to know where your product is coming from.
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market is far less regulated and quality 
controlled than the regulated cannabis 
markets. This could result in less safe 
hemp-derived THC products available 
to the market, but more profitable for 
hemp-derived THC businesses as there 
are tax benefits and fewer regulatory 
boundaries. The accessibility of 
these intoxicating hemp products is 
concerning to regulatory agencies and 
the regulated cannabis industry. 

Cannabinoids  
Derived from Hemp
While hemp is renowned for its high 
CBD content and has expanded of-
ferings to include hemp-derived THC 
products, it also contains a plethora 
of other cannabinoids with potential 
therapeutic benefits. Some of the 
cannabinoids that can be derived from 
hemp include:

1.	 Cannabidiol (CBD): CBD is the 
most abundant cannabinoid in 
hemp and is known for its po-
tential therapeutic proper-
ties, including anti-inflamma-
tory, analgesic, anxiolytic, and 
neuroprotective effects. It has 
gained popularity for its pur-
ported role in alleviating vari-
ous health conditions, such as 
anxiety, chronic pain, epilepsy,  
and insomnia.

2.	Cannabigerol (CBG): CBG is 
considered a precursor to oth-
er cannabinoids, including THC 
and CBD. Although present in 
low concentrations in most 
cannabis strains, hemp culti-
vars bred for high CBG content 
are now available. Preliminary 
research suggests that CBG 
may have potential anti-inflam-
matory, neuroprotective, and 
appetite-stimulating effects.

3.	Cannabinol (CBN): CBN is a 
degradation product of THC, 
formed as THC oxidizes over 
time. While typically found in 
trace amounts in fresh can-
nabis, aged or heated canna-
bis products may contain high-
er levels of CBN. Some studies 
suggest that CBN may have 
sedative effects and could po-
tentially aid in sleep disorders.

4.	Cannabichromene (CBC): CBC 
is another non-intoxicating 
cannabinoid found in hemp 
and cannabis. Research indi-
cates that CBC may exhibit an-
ti-inflammatory, antidepres-
sant, and analgesic properties. 
It also shows potential in pro-
moting neurogenesis, the for-
mation of new neurons in the 
brain.

5.	Tetrahydrocannabinolic Acid 
(THCA): THCA is the precursor 
to THC and is found in raw, un-
heated cannabis plants. When 
exposed to heat through de-
carboxylation, THCA converts 
to THC, the psychoactive com-
pound responsible for the eu-
phoric effects of cannabis.

In addition to these cannabinoids, 
hemp also contains trace amounts of 
other minor cannabinoids, terpenes, 
flavonoids, and phytonutrients, which 
collectively contribute to the entou-
rage effect—the synergistic interaction 

of various cannabis compounds that 
may enhance therapeutic outcomes. 

Minor cannabinoids are produced on 
the hemp market as isolates and sup-
plied by a number of reputable manu-
facturers. Quality assurance and sup-
plier vetting is an important step in 
formulating hemp-derived products. 
Access to a supply of minor cannabinoid 
isolates has facilitated a burst of prod-
uct innovation on the hemp market. 
The market has become hyper-compet-
itive and an opportunity for consumers 
to gain access to a wide variety of prod-
uct types and cannabinoid ratios. 

Conclusion
Understanding the differences between 
cannabinoids derived from hemp and 
cannabis is paramount for consumers, 
healthcare professionals, and policy-
makers alike. While hemp-derived THC 
products offer a legal alternative for 
those seeking the potential therapeutic 
benefits of cannabinoids, it’s essential 
to navigate this rapidly evolving land-
scape with caution and awareness of 
regulatory frameworks.

As research into cannabinoids con-
tinues to expand, we can anticipate 
further insights into their mechanisms 
of action, therapeutic potential, and 
optimal applications. In the meantime, 
exploring the diverse array of cannab-
inoids derived from hemp underscores 
the multifaceted nature of cannabis 
science and its profound implications 
for health and wellness.
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Q:
Can you tell us about the Hop 
Latent Viroid (HLVd) virus and 
how have you seen it affect 
cannabis crops?

A:
Adam Jacques: These kinds of 
viruses started, we started 

noticing with this probably 15 years ago, 
right? And it got called everything 
tomato mosaic, hemp mosaic, you know, 
all of these, and everybody was consid-
ering it. Well, this must be a mosaic 
virus of some sort of tobacco mosaic, 
maybe. What we started seeing was what 
we call Dudding, the production of plant 
material wasn't great. You would see 
lower numbers, reduced yield, and 
would get worse over time. And so, you 
know, everybody was trying to come up 
with, 'well, what is this?' Obviously, now, 
we know it's HLVd, right? So once that 
got figured out, really, it was just, at that 
point, figuring out what are the metrics 
of damage that it's doing to the crops? 
It's not like hemp mosaic virus isn't a 
thing. It's a thing that exists and it 
expresses itself roughly in the same way. 
So, when we start talking about hop 
latent virus, we do to really know what 

you have, you're gonna need a lab test 
on it. I would say that, as of right now, I 
would be surprised if any number less 
than 50% of clones—and it's in this 
country—didn't have it.

Zacariah Hildenbrand: It's ubiq-
uitous. From what I see, right, with 
so much of this poly hybrid deser-
tion, with all these genetics, just be-
ing mixed and mingled together, there 
really hasn't been much concern for 
'Are there any, is there any kind of ge-
netic baggage associated with doing 
this', right? It's just like, 'Hey, this ge-
netic was fire and this other genetic is 
fire, and I'm gonna put fire and fire to-
gether and it's gonna be 10 times bet-
ter' and there's just no consideration 
for the genetic lineage and, and you can 
be stuck with hop latent viroid. The is-
sue with this too, is you can have plants 
that appear asymptomatic for quite 
some time, and yet they're still carry-
ing the virus. They're almost like a vec-
tor, if you will, and then boom, you 
then introduce that with another ge-
netic. Based on the genetic background, 
maybe then the virus expresses into its 

actual phenotype and condition. And 
then you got a real problem. I think the 
folks at Medicinal Genomics probably 
have the best handle on this. They pub-
lished a bunch of papers on this looking 
at hop latent viroid's prevalence across 
various genetics. And I mean, to Ad-
am's point, it's well over 50%. I mean, 
it's everywhere. I think one of the ques-
tions I asked him is if you could detect 
this in the seeds? Or if or how long do 
you have to wait until this starts being 
detectable in the plant? And they were 
still working on that. But it's a ubiqui-
tous issue with varying effects on cli-
ent's outcome, and it still remains to be 
determined how to completely  
eradicate it.

Q: How does HLVd avoid 
detection?

A:
Jacques: A lot of ways to do this 
in this industry is observational. 

It's not like I'm going to every plant and 
doing a test on it every day to see if it has 
a virus or an issue. A lot of the things 
that I'm doing is with my eyeballs. So, if I 
have spider mites or russet mites, or 

HLVd: The Menace to Cannabis Crops
By Madeline Colli

Sweeping and dismantling numerous cannabis crops throughout the cultivation space, you need to look no further 
than at the plant disease called hop latent virus (HLVd). Also known as Dudding Disease, the virus needs in order 
to survive and reproduce, a compatible host which it has done in several other plant species but has now made its 
entrance into cannabis cultivation.

In continuation of our cultivation education series, Adam Jacques, a world-renowned expert with more than 20 
years’ experience cultivating various unique strains of cannabis, as well as the Chief Geneticist at AgSense LLC, and 
Zacariah L. Hildenbrand, a research Professor at the University of Texas at El Paso, the principal founder of Inform 
Environmental, a partner of Medusa Analytical, and is a director of the Curtis Mathes Corporation, get to the root of 
the issue of experiencing an HLVd infestation and if anything can be done to salvage your crops.
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something like that, I can visualize it. 
This is, it hides in the plant itself. So, it's 
not really expressing a lot of things that 
would cause me concern, especially in 
the vegetative state. I mean, you do 
things like stunted growth, reduced 
vigor, brittle stems, you know, less flower 
mass, those things happen. But in a 
newly planted clone and fresh soil who's 
real healthy, it may be using that energy 
fighting that virus, but it's in such a 
healthy state at this point that you're not 
really seeing any of the side effects. So, 
when you flip it into flower, and you start 
going and you're adding stress to the 
plant into a flowering cycle, and trying to 
push weights and things like that, that's 
when you really see the energy of the 
plant, focusing from production of the 
plant into fighting the virus in the plant. 
That's where you really start to see a lot 
of the side effects coming out at that 
point. It's too late, right? You've already 
wasted six weeks. Everything is stunted. 
Another awesome thing about this 
disease is that let's say you grow in 
aeroponics. Well then, your entire water 
supply and all of your lines are infected 
now because it will transfer through the 
roots. So, it hides by not being a big 
problem until it is.

Hildenbrand: It's a really good 
virus. Good viruses are one that really 
don't perturb their hosts much and 
their whole goal is just to spread its 
DNA. A really bad virus is one that's 
lethal, kills its host before it can 
spread on, but this one's actually quite 
effective in that it spreads so readily 
without having a significant impact on 
the host until it does. I've always seen 
it with the virus, that it's a really steep 
decline. It's like, 'Oh, there's something 
weird going on with this plant' and 
Adam's, right. You may see it initially 
in the veg, like, 'Ah, maybe it'll be okay 
here'. And then all of a sudden, it's 
just like, 'Wow, this looks terrible. We 
don't have any trichrome production, 

we have weird leaf morphology. Now 
we have discoloration, this plant is 
dead'. So, or it might as well be dead. 
You just end up sacking it anyways. 
So, it's definitely one of those things 
that if you're not on top of it, can be 
a major issue. And a lot of people to, 
kind of going back to my comment 
about the polyhybridism, people are 
so eager to get genetics from other 
folks. We've discussed about, you 
know, the prevalence of mites and 
bugs and pathogens, and but what 
about the prevalence of viruses that 
you're passing back and forth? You 
know, I think people need to be more 
cognizant of the provenance of the 
genetics that they're getting, before 
they get super excited about the new 
hype strain out of someone's garage.

Q:
Why should cultivators  
and consumers be concerned 
of HLVd?

A: Jacques: Consumers don't need 
to be. It's an issue with the 

cultivators. It is bad for the cultivators, 
you're looking at a 10 to 15% loss in 
cannabinoids, you're looking at a 30% 
loss and weight off of the plants. You're 
looking at a much lower quality flower. 
So, something that may have been top 
shelf money, you're now getting B or C 
grade money for less and you're getting 
less and the THC percentage sucks. 
Stuff duds out. It's just terrible. It's 
gross, right? So, it turns good flower 
into [unusable] flower. On the consumer 
side, you know, I don't think we'll ever 
see a financial hit to them on it being 
that the industry is what it is right now. 
I don't think smoking something that 
had hop latent viroid is going to do 
anything to you. But, if you are getting 
cannabis from like let's say your grower 
or your caregiver or something that it is 
this, you're getting a much lower quality 
product than you should be getting. So, 
I guess you're damaged a bit in that way.

Hildenbrand: Yeah, I don't think 
the virus can transform from plant 
kingdom to eukaryotic animals. I don't 
think that's the thing. But to Adam's 
point, it's just it's going to result in a 
diminished product, it's going to be 
less efficacious. And so obviously is not 
going to be the same medicinal value, as 
if you had an uncontaminated sample.

Jacques: And as a grower, those 
things that I mentioned, that is your 
margin, right? You'll go bankrupt if 
you have it and don't deal with it.

Q: What can be done to prevent 
or contain the effects?

A:
Jacques: So before I bring 
anything into my room, I 

would prefer to get a test on getting 
hop latent tests and getting tests isn't 
difficult, like I have to go to the 
university now to get something like 
that. You can actually buy testing kits 
online to test your plants for hop 
latent. Before you bring anything into 
your room, or if you're starting from 
seed or something new like that, it 
probably would behoove you to test for 
viruses in your plants. If they do have 
viruses in your plants, it's not a death 
sentence for the plant necessarily, 
right? We can fix this. But it's tough. 
Honestly, it's tough not to bring this 
into your space right now.

Hildenbrand: Yeah, it's just so ubiq-
uitous. So, I think really, it just goes 
back to having a strong understanding 
of the reliability of the source of your 
genetics. I think that's your best course 
of action, getting it from people that 
take care of their plants, sterilize things 
that they can, and just run a clean op-
eration. I think the worst mistake you 
can make is just haphazardly taking a 
clone from some bro that you met, and 
you just have no idea what sort of con-
ditions they were dealing with there 
and then boom, you could have system-
ic termination of your entire facility.
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Q:
Are there any other cannabis 
pathogens to be worried about? 
(Fusarium, Pythium, etc.)

A: Jacques: Mosaic viruses, I 
would keep an eye on, they can 

do damage and the damage looks a lot 
like this. So, it's roughly the same. 
That's the one everybody was looking 
out for. For a long time. Specifically, 
tobacco, hemp, and tomato mosaic 
viruses. As far as viruses go, that's 
about, you know, those are the worries 
that that I have.

Hildenbrand: And then just the 
fungi, you know, Botrytis, those sorts 
of things. Aspergillus.

Jacques: Aspergillus, even powdery 
mildews. That's tough because that's 
systemic? Aspergillus will kill you so 
it’s a good one to worry about.

Q:
Is there any products you use/
recommend to detect or use to 
deal with an HLVd infestation?

A:
Hildenbrand: Yeah, I would 
just say again, it just goes back 

to the analytical techniques, [polymer-
ase chain reaction] PCR. I think it's 
becoming so readily available, that you 
could have kind of at home kind of 
garage enthusiast, if you will, running 
their own PCR as a supplement to their 
grow. And it's been nice. I mean, we've 
seen the entire industry, like the folks at 
Shimadzu or the folks at Agilent. 
They're trying to take their cannabinoid 
analysis and their terpene analysis and 
make it kind of miniaturized so that the 
at-home user, maybe it's more accessi-
ble, and that the instruments are 
becoming cheaper. I think in five years' 
time, if you're a commercial outfit, 
you're going to have your own 
[high-performance liquid chromatogra-
phy] HPLC to do cannabinoids, you'll 
have your own [gas chromatography 
mass spectrometry] GC-MS, to do 
terpenes, and you'll have your own PCR 

to do virus testing. And that's just going 
to be part of your daily protocol.

Jacques: I would say as far as prod-
ucts go to deal with this, no. There's 
not something you can water in or 
spray on the plant that's going to save 
it. If you have a virus in real life, same 
idea, right? You need to find some-
thing that's a directed cure for that 
thing, which just doesn't exist yet for 
this. You can make your plants health-
ier, which is going to help mitigate the 
damage that this virus is doing. But 
then you're just putting cost on top of 
costs to try and keep a sick plant alive. 
But no, there's no answer to fixing it in 
a product or a bottle that you can buy.

If you know somebody who's really 
good at tissue culture, you could go in 
and do a sanitizing tissue culture on it 
and that has been proven to remove the 
virus from plants. So, if there's a plant 
that you really want to keep in your 
stable, you can put out the financial 

Figure 1: Zacariah Hildenbrand shares his favorite tip when encountering an HLVd outbreak. 
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needs to get something tissue cultured 
and completely cleansed like that. It 
does work, I’ve seen it. It's a lot to do 
for, let's say, 500 plants in a grow. Let's 
say it's some killer genetic that's unique 
to you, and you want to keep it and it 
has an illness, there are ways to remedy 
this. But the plant doesn't like it. Plants 
don't like getting bleached necessarily. 
And I would, there's certain genetics 
that if that issue came up with them, I 
would find a way to save them. I would 
go that far to save those genetics. But I 
would say, for the average home grower 
at home, if all of a sudden you figure 
out that's what's happening, just rip it 
out and start again. Getting your plant 
tissue cultured and cleaned, like that's 
going to cost more than grow in that 
plant’s worth.

Hildenbrand: If anyone experiences 
this for the first time, just start over. 
Don't try to play Sherlock Holmes to 
figure out where it came from and how 
to solve it. Just start over with new stuff 
and hopefully go back to the basics.

Q: What are the risks of clone 
sharing?

A:
Jacques: I think clone sharing 
in general is as old as growing 

this plant is. It's like baseball cards 
amongst each other. Right? Who's got 
the new, unique elite thing? When me 
and Christian West started out, that 
was the thing, right? You would go and 
you go around, you collect all the clones 
from the different areas and that's how 
you got genetics. Now, I don't think my 
number 50% + is wrong of clones out 

there, have this. Generally, you're not 
going to see this expressing itself in a 
clone. So, you have no way of knowing 
with clone sharing whether you're 
getting a clean clone or not. Could there 
be systems put into place to make that 
easier, like maybe a certificate of testing 
on it or something, but then all of a 
sudden that clone’s cost is not $20 
anymore. It's hundreds of dollars to get 
a clean clone. I can't fault people for 
sharing clone and seed. That's a tough 
thing to do and it's exciting thing to do. 
And then you get new things. Turns out 
that can come with a lot of issues.

about the guest columnist
MADELINE COLLI is the Editor for  
Cannabis Science and Technology 
magazine. Direct correspondence to: 
MColli@mjhlifesciences.com.
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Introduction
In this month’s column, guest 
contributor, Rob Thomas takes a 
critical look at the big four heavy 
metals which are regulated by the vast 
majority of US states and suggests that 
there is compelling evidence in the 
public domain that the panel should be 
increased because there is not a good 
understanding of sources of elemental 
contaminants in the production of 
cannabis consumer products. As a result 
of the inadequate nature of these state-
based regulations, consumer safety is 
most likely being compromised.

Part 1 of this column examines 
the fractured nature of state-based 
regulations and compares it with 
the federal limits for pharmaceutical 
products and dietary supplements. 
Part 2 will look at specific examples 
in the public domain of elemental 
contamination of cannabis consumer 
products, which shows that other 
elements are worthy of consideration 
and should be an integral part of the 
regulatory framework.

The Regulatory 
Framework
Even though cannabis is in the process 
of being rescheduled from a Schedule 
I to a Schedule III drug by the Drug 
Enforcement Administration (DEA), 
uncertainty about federal oversight of 
cannabis consumer products in the US 
has left individual states to regulate 
its use. Cannabis is legal for medicinal 
purposes in 39 jurisdictions, while 19 
states and Washington, D.C. allow its 
use for adult recreational consump-
tion (1). However, the cannabis plant 
is known to be a hyper-accumulator of 
toxic metals in the grow medium and 
other manufacturing pathways, so it 
is critical to monitor levels of elemen-
tal contaminants to ensure cannabis 
products are safe to use. Unfortunately, 
there are many inconsistencies with 
heavy metal limits in different states 
where cannabis is legal. The vast major-
ity of these states set limits for the “big 
four” heavy metals: lead (Pb), arsenic 
(As), cadmium (Cd), and mercury (Hg). 
New York State also requires the testing 

for chromium (Cr), nickel (Ni), copper 
(Cu), and antimony (Sb), while Mich-
igan requires inorganic As (not total) 
and also adds Cr, Ni, and Cu to the big 
four. Maryland and a few other states 
also include Cr as well as the big four. 
Some states base their limits directly in 
the cannabis, while others are related to 
human consumption per day. Some take 
into consideration the body weight of 
the consumer, while other states do not 
even have heavy metal limits. To com-
plicate the situation, certain states only 
require heavy metals in the cannabis 
plant/flower, while some give different 
limits for the delivery method such as 
oral, inhalation, or transdermal (2). 
This review article will provide evidence 
from publicly-available sources that a 
wider panel beyond the “big four” heavy 
metals are worthy of consideration, sug-
gesting that the industry does not have 
a good understanding of sources of ele-
mental contaminants in the cultivation 
and production of cannabis consumer 
products and as a result the fractured 
nature of state-based regulations could 

Understanding Sources of Heavy 
Metals in Cannabis and Hemp 
Consumer Products, Part I: Is the 
Fractured Nature of State-based 
Regulations Ignoring the Evidence?
By Robert Thomas
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potentially be compromising consumer 
health and safety.

State Inconsistencies
The inconsistencies of state-based limits 
would make it extremely complicated 
to implement at the federal level, unless 
there was a completely fresh assessment 
of the regulations. For example, why does 
New York State currently have action 
limits for eight elemental contaminants 
whereas the vast majority of the other 
states only require the big four? In other 
words, what do New York regulators 
know about the toxicological impact of 
the four additional elements, compared 
to California that only regulates four? 
Or why does Michigan require inorganic 
arsenic while all other states just list 
total arsenic? Furthermore, how can 
some states justify no heavy metal action 
limits at all? It might all become a moot 
point when federal regulators eventually 
have oversight of the industry, but what 
will that regulatory panel look like? The 
disparity in state-based limits might not 
be a good indicator, but there could also 
be clues in the way federally approved 
cannabidiol (CBD) drug formulations 
have historically been regulated, together 
with an understanding of how standards 
and reference material organizations 
have approached developing standard-
ized analytical methodology for measur-
ing heavy metals.

Disparity with  
Federal Limits
To highlight the disparity between 
state-based limits and federal guidelines 
for pharmaceutical formulations, the 
Food and Drug Administration’s (FDA) 
Botanical Review Team in the Office of 
New Drug Products recently published  
a study entitled, “Quality Standards in 
State Programs Permitting Cannabis 
for Medical Uses” (3), which compared 
the maximum allowable limits of the 
big four heavy metals for states that 

had Medical Cannabis Programs (MCP) 
with United States Pharmacopeia (USP) 
Chapter <232> permitted daily exposure 
(PDE) concentrations in inhalation and 
oral drug formulations routes of admin-
istration (ROA) and USP Chapter <2232> 
Elemental Contaminants in Dietary 
Supplements (4). Although the actual 
states are not mentioned, it can be seen 
from Table 1 that in the majority of cas-
es, the eight medical programs reported 
are very different to the USP limits. In 
fact, it can be seen by much of the data 
in bold, that they are significantly higher 
than the federal limits. There is no obvi-
ous reason as to why the state programs 
action limits are so different, but it was 
interesting that the researchers’ critique 
was three-fold: 

•	 Testing for the four heavy met-
als in inhalation and oral prod-
ucts was lacking in the majority 

of state medical programs. 
•	 Even when present, it was in-

consistent across the different 
jurisdictions. 

•	 It did not always align with USP 
recommendations. 

How Many Metals  
are Enough?
So clearly there is a need for more 
consistency across state lines, particu-
larly as the industry inevitably moves 
in the direction of federal oversight. 
This is further compounded by the fact 
that there is a great deal of evidence 
in the public domain that only moni-
toring the big four heavy metals is not 
enough to ensure consumer safety. But 
how many metals should there be in an 
expanded panel, particularly as there 
is no comprehensive understanding of 
the sources of elemental contaminants 

Table I: Comparison of state Medical Cannabis Programs (MCP) with USP Chap-
ter <232> permitted concentrations in inhalation and oral drug formulations 
and USP Chapter <2232> elemental contaminants in dietary supplements (3). 
Note: Data in red indicates they are higher than federal (USP) values
Inhalation ROA

USP <232> 
(µg/g)

MCP1  
(µg/g)

MCP2 
(µg/g)

MCP3 
(µg/g)

MCP4  
(µg/g)

MCP5  
(µg/g)

Arsenic 0.2 0.2 0.4 2.0 10.0 0.2

Cadmium 0.2 0.2 0.5 0.82 4.1 0.2

Lead 0.5 0.5 1.0 1.2 10.0 0.5

Mercury 0.1 0.2 0.2 0.4 2.0 0.1

Oral ROA

USP <232> 
(µg/g)

MCP6 *  
(µg/g)

MCP7 
(µg/g)

MCP8 
(µg/g)

MCP5  
(µg/g)

Arsenic 1.5 1.5 10.0 1.5 1.5

Cadmium 0.5 0.5 4.1 0.3 0.5

Lead 0.5 1.0 6.0 1.0 0.5

Mercury 3.0 1.5 2.0 0.5 3.0

MCP – Medical Cannabis Program

ROA - Route of Administration 

*USP Chapter <2232> limits
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in the cannabinoid cultivation and 
production processes? Moreover, unlike 
drug products, there has been no risk 
assessment studies carried out with 
regard to heavy metal contaminants in 
cannabis consumer products and for 
that reason, consumer health is likely 
being compromised.

Regulatory Evidence 
So, assuming that only monitoring the 
big four heavy metals is inadequate to 

ensure consumer safety, what is a real-
istic panel of elemental contaminants 
that should be used for state regulatory 
purposes? The only solid evidence we 
have at this current time for what could 
be a federally regulated panel is with 
the FDA approved CBD-based drug 
Epidiolex, which is available in the US 
to treat childhood seizures. Manufac-
tured by UK-based GW Pharmaceuti-
cals (now a division of Jazz Pharmaceu-
ticals), it went through the regulatory 

process prior to its introduction in 2018 
to get it approved in the US (5) and 
had to show compliance by meeting 
permitted daily exposure (PDE) limits 
for up to 24 elemental impurities as 
defined in USP Chapter <232> (3) and 
International Council for Harmoni-
zation of Technical Requirements for 
Pharmaceuticals for Human Use (ICH) 
Q3D guidelines (6). In practice, because 
eight of those metals are associated 
with the drug synthesis process using 
platinum group catalysts which was not 
used in the Epidiolex manufacturing 
process, only 16 were used for manufac-
turing quality assurance purposes.

Furthermore, USP recently published 
a draft monograph for CBD as an active 
pharmaceutical ingredient (API) for a 
federally approved drug formulations 
which stated that (7):

“Elemental impurities in official 
drug products are controlled according 
to the principles defined and require-
ments specified in Elemental Impuri-
ties—Limits, Chapter <232>, as pre-
sented in the General Notices 5.60.30.”

In the long term, this could possi-
bly indicate that the FDA will regu-
late CBD products for up to 24 elemen-
tal contaminants when it eventually 
has oversight of the cannabis indus-
try. But more importantly, in the short 
term it implies that CBD being manu-
factured in the US for recreational or 
medicinal purposes does not meet the 
purity requirements for federally ap-
proved drugs, because currently it only 
has to comply with the state’s maxi-
mum limits for heavy metal contami-
nants, which in most US states is typi-
cally only Pb, Cd, As, and Hg.

However, it’s important to 
stress that a panel generated by 
pharmaceutical regulators isn’t 
necessarily one that should be used by 
the cannabis industry, as the process 
for manufacturing cannabinoids is 
very different to drug products. In 
addition, many consumer products 

Table II: USP Chapter <232> and ICH Q3D guidelines permitted daily expo-
sure (PDE) limits for elemental impurities in drug compounds per method of 
administration (4, 6)
Element Class Oral PDE 

(µg/day)
Parenteral PDE 

(µg/day)
Inhalational  
PDE (µg/day)

Proposed  
Transdermal  
PDE (µg/day)

Cd 1 5 2 3 20

Pb 1 5 5 5 50

As 1 15 15 2 30

Hg 1 30 3 1 30

Co 2A 50 5 3 50

V 2A 100 10 1 100

Ni 2A 200 20 6 200

Tl 2B 8 8 8 8

Au 2B 300 300 3 3000

Pd 2B 100 10 1 100

Ir 2B 100 10 1 100

Os 2B 100 10 1 100

Rh 2B 100 10 1 100

Ru 2B 100 10 1 100

Se 2B 150 80 130 800

Ag 2B 150 15 7 150

Pt 2B 100 10 1 100

Li 3 550 250 25 2500

Sb 3 1200 90 20 900

Ba 3 1400 700 300 7000

Mo 3 3000 1500 10 15000

Cu 3 3000 300 30 3000

Sn 3 6000 600 60 6000

Cr 3 11000 1100 3 11000



21cannabissciencetech.com	 may/june 2024     |    cannabis science and technology®

heavy metals  /  navigating the lab

are not intended for medicinal 
purposes, but can be classified as 
foods, beverages, candies, or snacks 
so perhaps an argument could be 
made that they should be treated 
more like food products than drug 
substances. However, based on recent 
reports, it is clear the FDA is not 
doing such a good job of keeping us 
safe from the effects of toxic metals 
in our food supply as exemplified 
by a reprimand from Congress in 
2021 for failing to identify processed 
baby food cereals with elevated 
levels of heavy metals (8) and more 
recently, for not flagging  a case of 
intentional adulteration of cinnamon 
with lead chromate (Pb CrO4) for 
economic gain (9). So, until there is 
a mandatory requirement for food 
manufacturers to test their products 
on supermarket shelves, there is 
always the potential for incidents like 
this. So irrespective of what regulated 
limits are used, at some point the 
cannabis industry needs to carry out a 
comprehensive risk assessment study 
of its own to provide evidence as to 
what metals should be monitored, 
similar to what regulators did to 
characterize elemental impurities 
in drug products and formulations 
(10). To better understand this risk 
assessment process and how it might 
have a bearing on a cannabis panel of 
heavy metal contaminants, let’s take 
a detailed look at how regulations 
for pharmaceutical and supplements 
came into existence, which eventually 
became the basis for state-based 
oversight of the cannabis industry.

Federal Regulations  
for Drug Substances 
The pharmaceutical industry began the 
process to overhaul regulations and 
methodology for elemental impurities 
over 20 years ago when it updated its 
100-year-old semi-quantitative sulfide 
precipitation colorimetric test for lead 

and a small suite of heavy metals to 
eventually arrive at a method to monitor 
24 elemental impurities in drug products 
using plasma spectrochemistry. More-
over, they completely reassessed the 
toxicological impact of these elemental 
contaminants based on well-established 
animal models and defined them by 
permitted daily exposure (PDE) limits 
according to the mode of administration 
(oral, parenteral, inhalation, transder-
mal) and classified them by toxicity and 
the probability of finding them in the 

drug manufacturing process.
These limits were described in 

USP <232> - Elemental Impurities 
(4) and ICH Q3D Guidelines (6), 
together with USP Chapter <2232> 
for dietary supplements (4). While 
the measurement procedures were 
defined in USP Chapter <233> which 
describes the plasma spectrochemistry 
methodology (inductively coupled 
plasma optical emission spectroscopy 
[ICP-OES] or inductively coupled 
plasma mass spectrometry [ICP-MS]), 

Table III: Toxicological classification of the regulated panel for drug products, 
and the suggested testing frequency (6)
Regulated Elemental Impurity Testing Frequency

Class 1 metals - Pb, Cd, As, Hg These are human toxicants that have no purpose in 
the manufacture of pharmaceuticals, and should be 
evaluated at all times, without exception.

Class 2A metals – Co, V, Ni Have high probability of occurrence in the drug prod-
uct and should also be monitored at all times.

Class 2B metals - Au, Pd, Ir, Os, 
Rh, Ru, Se, Ag, and Pt

Have a reduced probability of occurrence related to 
their low abundance and as a result, can be excluded 
unless they are intentionally added during the 
manufacture of the drug product (For example: metal 
catalysts used in drug synthesis).

Class 3 metals - Li, Sb, Ba, Mo, 
Cu, Sn, and Cr

Have relatively low toxicities by the oral route of ad-
ministration but could warrant serious consideration 
for inhalation and intravenous routes.

“Moreover, unlike drug 
products, there has been no 

risk assessment studies 
carried out with regard to 

heavy metal contaminants in 
cannabis consumer products 

and for that reason, consumer 
health is likely being 

compromised.”
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microwave digestion procedure and 
a full set of validation protocols 
(11). Table 2 represents the full list 
of USP/ICH elemental PDE limits 
in microgram per day (µg/day) per 
delivery method and toxicological 
classification, which are explained in 
greater detail in Table 3.

It’s also important to emphasize 
that the data in Table 2 are maxi-
mum limits per day. So, for a suggest-
ed daily dosage of 10 g, these limits 
should be divided by ten to calculate 
the maximum allowable limits in the 
drug products in microgram per gram 
(µg/g). However, even though 10 g is 
a typical maximum daily dosage for 
drugs, we have no way of knowing in 
what quantities consumers use can-
nabis products. So, if larger or small-
er quantities are being used these PDE 
limits will be different, based on the 
weight consumed. Furthermore, the 
mode of administration will also im-
pact the regulated limit, so inhalation 
PDEs in most cases are significant-
ly lower than the oral ones. In addi-
tion, the classification number will 
impact the frequency of testing with 
Class 1 and 2A metals of higher prior-
ity than the Class 2B and 3 metals. In 
fact, the classification can offer clues 
as to what elements from this list 
would be worthy of inclusion in an ex-
panded panel to regulate cannabis and 
hemp consumer products. For exam-
ple, Class 1 and 2A would warrant in-
clusion in any regulated panel, where-
as Class 2B metals would likely not be 
required at all, because they are not 
used in the cannabinoid manufactur-
ing process. On the other hand, Class 
3 metals may not be required for all 
oral products but would definitely be 
required for inhalation products such 
as vaping devices.

Final Thoughts
Part 1 was essential background infor-
mation to the topic of this review arti-

cle. Part 2 of the column takes a closer 
look at some of the evidence in the 
public domain, which underscores that 
the industry does not have a thorough 
understanding of heavy metal contam-
inants in consumer products which 
could support the measurement of a 
wider panel of elemental contaminants 
in cannabis materials.
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tech innovations

From simple DIY to lessons learned from mainstream agriculture to chemical discoveries, extraction techniques are 
driving more product innovation. 

Extraction Tech Inspires  
New Product Development
By David Hodes

The search to isolate more and 
more cannabinoids is driving 
extraction development. That’s 
been a trend for years (1).

But there is also a search for better 
methods of extraction (read: cleaner, 
greener) and more focus on extracting 
specific cannabinoids, as their value 
to human wellness is explored. Newer 
concentrate products, such as badder 
and cured resin—made using a solvent 
within a pressurized closed-loop 
extraction system—are showing up at 
dispensaries. They are among the top 
sellers in the California, Oregon, and 
Nevada markets (2). 

The Journal of Cannabis Research 
points to the use of extraction meth-
ods such as ultrasonic-assisted, micro-
wave-assisted, supercritical fluid, and 
pressurized liquid extraction processes 
as greener options than conventional 
extraction processes, because they re-
duce the need for synthetic and organ-
ic solvents, cut down on operational 
time, and produce a better-quality ex-
tract with a higher yield (3). Less sol-
vent is used, and extraction times are 
reduced from conventional methods.

That’s all good for the recreational 
market. But the potential recent resched-
uling of cannabis from Schedule I to 
Schedule III, announced in April 2024, 
will drive the search for a reproducible, 

pharmaceutical-quality cannabis prod-
uct that will drive further innovation.

This installment of the “Tech Inno-
vations” column will discuss new meth-
ods and lab processes to do more tar-
geted cannabis extraction. There is also 
a growing need to accurately measure 
homogeneity in the cannabis product, 
especially for medicinal cannabis, and 
that begins in the extraction process.

Sustainability  
and Extraction
Extraction technology in the cannabis 
industry is becoming part of the global 
sustainability efforts, with the goal 
of developing medicinal preparations 
from the biomass of cannabis. That 
biomass extraction technology 
is becoming standard operating 
procedure for mainstream cash crops, 
with interesting product payoffs. 
But the road to getting there in the 
cannabis industry is full of obstacles.

The amount of research into 
cannabis waste is extremely small 
relative to the research into cannabis 
itself, in part because of the need to 
control that biomass from getting into 
the black market. Cannabis biomass 
has to be destroyed or otherwise 
disposed of (landfill, composting, 
anaerobic digestion) instead of 
recovered as a resource (4).

Waste valorization (5) has been a 
research interest of Josh Katz, senior 
research and development scientist 
at Trulieve (6). “We grow all of 
this biomass,” Katz explained. “We 
reduce the volume of the mass by a 
certain amount, but it's still a gigantic 
amount of biomass that we either 
have to throw away or compost or 
whatever. There's a lot of interesting 
chemistry out there that can take 
this spent material and digest it into 
commercially interesting products 
that the cannabis industry hasn't even 
thought of.”

The biomass of cannabis are the so-
called non-utilized components of the 
plant, such as the roots, which can be 
rich in polyphenols, and other bio-
active compounds, which can be used 
for health promoting products.

To get an idea of what can be created 
through extraction of biomass, the can-
nabis industry should take note of how it 
works for some mainstream cash crops. 

The annual yield of banana peels 
is 60 million tons; orange peels 10 
million tons; avocado pits and peels 
4 million tons; and wine by-products 
more than 14.6 million tons, according 
to researchers (7).

PeelPioneers, in the Netherlands 
processes citrus peels into oil, 
D-limonene. Garden of Natural 
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Solution Co., Ltd. uses an ultrasonic 
extraction method to produce citrus 
peel extract with antioxidant effects 
as a cosmetic ingredient (8). Lianyuan 
Kangbiotech Co., Ltd. extracts 
various fruits and fruit peels to obtain 
sweetener, oils, and polyphenols (9).

Keracol, a company formed by the 
University of Leeds (10), extracts 
resveratrol, a natural molecule found 
in the outer skins of red grapes, which 
is an antioxidant and known to have 
protective anti-ageing properties.

Biomass extraction progress is com-
ing to cannabis. There is an extraction 
method for working with biomass that 
comes from Milestone on their Ethos 
platform (11). “It doesn’t even extract 
cannabinoids,” Katz said. “It’s a ter-
pene extractor. It allows you to take 
flower immediately after harvest, ex-
tract the terpenes out of it, dry the bi-
omass out, re-extract the cannabinoids 
and you can basically make a vape cart 
out of the biomass of flower that was 
harvested yesterday.” They have used it 
in a couple of their products so far, he 
said. “From a dollars and cents point of 
view, it's a substantially cheaper route 
to cannabis-derived terpenes than CO2 
extraction is. Throughputs are compa-
rable, and the total terpene content in 
what comes out is higher than CO2 ex-
traction. It uses a pretty interesting 
strategy for getting the terpenes out of 
material that is not unique to cannabis 
by any stretch of the imagination.”

Aside from biomass, another 
extraction method in the sustainable 
camp is pressurized liquid extraction 
(PLE) (12), a high-throughput and 
green extraction technique for the 
sustainable extraction of bioactive 
compounds from natural sources.

PLE—also called accelerated solvent 
extraction (ASE), pressurized fluid ex-
traction (PFE), pressurized hot solvent 
extraction (PHSE), high-pressure sol-
vent extraction (HPSE), high-pressure 

high-temperature solvent extraction 
(HPHTSE), and subcritical solvent ex-
traction (SSE) (13)—is one method of 
extraction that is easy to use and effi-
cient, using elevated temperatures and 
moderate to high pressures.

PLE works with a reduced amount 
of solvent, with the ability to extract 
a wide range of compounds—ideal for 
a plant like cannabis where there are 
more than 550 chemical compounds 
in cannabis, with more than 100 
phytocannabinoids being identified 
in addition to tetrahydrocannabinol 
(THC) and cannabidiol (CBD) (14).

Compared to a conventional 
extraction performed at ambient 
pressure, the PLE high pressure 
maintains the solvent in liquid-phase. 
This improves mass transfer of the 
extraction by increasing the solubility 
and decreasing limiting factors such as 
viscosity and surface tension.

 
Low Tech to High Tech 
Review
As new extraction ideas and 
technologies gain traction, it’s 
important to understand that simple 
THC extraction and infusion into an 
edible product arose from an at-home 
DIY process nearly anyone with basic 
kitchen know-how can whip up.

First important point to know is that 
preparing cannabis infused foods is not 
a simple matter of mixing in crushed 
cannabis to a brownie mix, for example, 
and loading that mixture into the oven.

The reason is that THC is not wa-
ter-soluble, and the human body is com-
posed of up to 60% water (15). But THC 
is fat soluble and can bind to fat mole-
cules, such as those in oils and other fat-
ty ingredients. THC oil can be mixed or 
baked into product such as a brownie or 
cake by making it bind with an oil—gen-
erally olive oil, butter, or coconut oil. 

To begin the extraction process 
and get the THC to bind with oil, the 

cannabis is first ground up, then put on 
a baking sheet and baked at 230 °F for 
about an hour to decarbolize it and to ac-
tivate the compounds (THC and CBD). 
It is then taken out and allowed to cool. 

A separate glass jar with a lid is then 
put into a large pot. The pot is filled up 
halfway with water. The now decarbed 
cannabis is put into the jar, the jar is 
filled up with the chosen oil nearly 
to the top, and the lid is screwed on 
fairly tightly. Then the water in the pot 
is heated to about 190° F and left to 
simmer for about three hours. It’s left 
to cool.

The decarbed cannabis is then 
filtered out of the oil using some sort 
of strainer (cheesecloth works), and 
the oil is poured into a container for 
future use as a cooking oil to make any 
THC-infused meal or treat.

Extraction from flower into a dab 
is also a simple procedure. There are 
YouTube videos demonstrating how 
anybody can extract rosin using a 
simple hair straightener and some 
parchment paper (16). And old tech is 
the foundation to some new cannabis 
extraction tech. One example is 
short path distillation (17). A short 
path distillation looks very similar in 
execution to what most people imagine 
to be a simple distillation apparatus, 
Katz said. “You have a big flask, you're 
heating it. It's boiling, compounds 
are evaporated. You get a vapor, and 
the vapor contains a mixture of what 
was in what you started boiling. The 
composition of that vapor will change 
over the course of the distillation. 
And when I say it changes, I mean it 
has higher or lower relative fraction of 
the thing that you're interested in, for 
example, the cannabinoids.”

Short path distillation is a dynamic 
process, starting roughly at room 
temperature, then heating up the 
cannabis. “The more volatile things 
come off first, such as any residual 
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solvents, and the terpenes. When 
they stop coming over, there's usually 
overlap between the first part of the 
cannabinoids coming over and the 
last part of the terpenes coming over,” 
Katz mentioned. “Part of the skill of 
extraction is knowing when to make 
the cut at the overlap.” 

A wiped film evaporator (18) is a 
variation of short film distillation that 
reduces oil exposure to heat. Wiped-
film short path molecular distillation 
is common in the cannabis industry for 
separating cannabinoids from terpenes 
and heavy compounds. It’s a process 
to get cannabinoid-rich distillate from 
the molecular distillation process 
without affecting cannabinoid quality.  

“With the wiped film distillation 
process, you have basically set your 
parameters so that only the thing that 
you're interested in, distills over,” Katz 
explained. “Everything that is more 
volatile than that will get caught in a cold 
trap. Anything less volatile than that will 
get passed on to the residue. So wiped 
film evaporators are an industrialized 
approach to short path evaporation. 
A wiped film evaporator allows you to 
process a lot more oil a lot faster.”

Another high-tech process is the 
use of a microwave (MW) reactor 
developed by Ethos Lean specifically 
for the decarboxylation of the 
acidic cannabinoids in cannabis 
inflorescences prepared for extraction 
into oil. Both of the steps to produce 
the oily extract with the MW system 
were carried out in the Ethos Lean's 
cavity with special accessories: a 
rotating drum for the decarboxylation 
process and a glass reactor with 
a stirrer for the extraction step, 
according to an article in Sustainable 
Chemistry and Pharmacy (19).

In collaboration with a hospital 
pharmacy, the efficiency of the MW 
device was evaluated by comparing the 
results obtained with those of exhaustive 
decarboxylation in a conventional oven 

and ethanol extraction. A comparison 
was also made with conventional 
procedures in olive oil. “Thanks to 
the rotating drum, which is sensitive 
to dielectric heating, the complete 
and homogeneous decarboxylation of 
phytocannabinoids was rapidly achieved 
(30 min, 120 °C) without releasing the 
characteristic intense odor into the 
laboratory,” the article concluded.

Other New  
Extraction Methods
Another new method of extraction was 
discussed at the 2024 Cannabis Science 
Conference by Anthony Repay, Laborato-
ry Director of Method Testing Labs (20), 
involving the use of polysorbate 80 to ex-
tract cannabis and distill it into solution.

Polysorbate 80 is a synthetic com-
pound that is commonly used as an emul-
sifier in a variety of foods, cosmetics, and 
pharmaceutical products. It's made from 
ethylene oxide, which is petroleum-based 
compound. “Why on earth would we go 
with the cosmetics method when we're 
dealing with something that is inhaled?” 
Repay said. “It’s about applicable meth-
ods, and things that are similar.”

He demonstrated the mixing 
process via a video during his 
presentation, showing where there 
was a significant association with 
polysorbate 80 percentage and 
cannabinoid concentration in a 1-in-10 
dilution. “So as the relative percentage 
of polysorbate 80 in the solution 
increases, there's a corresponding 
increase in the amount of Delta-9 THC 
extracted,” he explained. “Based on 
this data, we can conclude that there's 
a statistically significant relationship 
between the concentration of 
polysorbate 80 and the extraction of 
Delta-9 THC, confirming the success 
of the extraction process.”

“For me, I think we need to get to 
a point where we get to an extraction 
efficiency and really see where it starts 
to tail off,” Repay expressed. “But 

I'd love to see at what level we start 
to see a true extraction efficiency 
where it comes into a linear kind of an 
algorithmic growth,” he mentioned. 
“The microbes, like Aspergillus 
flavus or E. coli or others, showed 
no significant impact by increasing 
concentration of polysorbate 80. At the 
end of the day, I think we all agree that 
science needs more data points.”

Schedule III and  
Extraction Tech
The news coming down from the US 
Drug Enforcement Administration (DEA) 
in late April 2024 about rescheduling 
cannabis (21) appeared at first to be a 
shot in the arm for the industry. While it 
is generally welcomed news, and practi-
cally speaking, is likely to be years away 
from implementation, it will cause tech 
innovators from cultivators to extractors 
to keep a wary eye on what it means to 
their operations, and to the designs of the 
processors and equipment they use.

Conclusion
With a rescheduled cannabis, making 
compliant cannabis products using one 
of the currently available extractors 
could be a dodgy prospect if science, 
the regulatory process, and physicians 
who may soon be able to prescribe 
cannabis, try to understand different 
medical cannabis extract products. 
“Unfortunately, the labs are going to 
continue to be in a position where 
they have to make a choice between 
maintaining scientific integrity, or 
doing what they need to do to chase 
regulations that may or may not 
make sense, but in a way to keep 
their doors open,” explained Susan 
Audino, a chemist/chemometrician and 
independent consultant to chemical 
and biological laboratories, during the 
2024 Cannabis Science Conference 
which took place in Kansas City, 
Missouri. “‘So how do I cut corners to 
meet these regulations that don't make 
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any sense and still maintain a customer 
base so I can be not just a profitable 
business, but an open business?’ I see 
that conflict is going to continue.”

“Opening up this opportunity for re-
search will begin to provide more data 
to support the contentions from the 
medical field right now that are us-
ing cannabis at any level,” Audino said. 
“Right now, we know that it works. But 
if I asked to see the empirical data to 
demonstrate why and how it works, 
there's been a teeny tiny amount of in-
formation out there, if any. So, I hope 
rescheduling will open up the oppor-
tunity for better research to improve 
the vast knowledge of empirical data to 
help support what we've been working 
with and knowing for a long time.”

But there is still an issue about how 
regulators do their job right now. 

For example, with Delta-8, regula-
tors are looking at the input—what is left 
over from the synthesis of Delta-8—not 
the output, Audino said. “That's the det-
rimental part to the regulatory struc-
ture and the interface between regula-
tions and laboratory testing,” Audino 
explained. “They have to be in align-
ment. Regulations need to be founded 
and justified by appropriate science, not 
the other way around. Because right now 
science is chasing its tail.”

“We don't know what is going to be 
rescheduled,” Katz said. “Because Del-
ta-9 THC is a tetrahydrocannabinol-
ic acid (THCA). It's going to be real-
ly hard to say if we should change our 
workflows until we know what is actu-
ally going to get rescheduled. I under-
stand why everybody's up in arms right 
now, because it seems like the sluice 
gate has been open. But I just caution 
people not to get too squirrely.”
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New cannabinoid analogs are constantly being synthesized and marketed to the public as ways to 
increase psychotropic activity or to remain competitive within the market. The issue with new analogs 
is the lack of proper testing and characterization—companies are misrepresenting what they sell, and 

customers are consuming unknown research compounds. Our group performed in-silico docking 
in CB1 and CB2 receptors, drug metabolism, and pharmacokinetics (DMPK) studies of methyl-, 

ethyl-, and pivaloy- ether cannabinoids analogs. A dataset of eight cannabinoid ethers was docked 
to the model to further analyze key interacting residues on the CB1 and CB2 receptors. In addition, 
the methyl ether derivatives of Delta 8-tetrahydrocannabinol (D8-THC) and hexahydrocannabinol 
(HHC) were synthesized and the full nuclear magnetic resonance (NMR) characterization of these 

compounds was achieved.

Cannabinoid Ethers:  
Identification, Binding Interactions, 

and their ADME Properties
B Y  M A I T E  L .  D O C A M P O - P A L A C I O S ,  G I O V A N N I  A .  R A M I R E Z ,  T E S F A Y  T .  T E S F A T S I O N , 

 A N D  W E S T L E Y  C R U C E S

1. Introduction
Within the volatile cannabinoid 
market, the need to stay relevant and 
competitive grows: new cannabinoid 
derivatives are being introduced to 
circumvent regulations or to increase 
efficacy, with safety being called to 
attention. Pre-clinical testing of com-

pounds can be expensive and without 
the correct staff to interpret and pres-
ent results, can make the data null. 
Computer-aided in-silico techniques 
that can perform ADME (absorption, 
distribution, metabolism, and excre-
tion) computation (1-4), can assist in 
cost-effective analysis to generalize 

indicative characteristics of the tested 
compounds to pose health hazards 
(5). Some popular cannabinoids 
such as Delta 8-THC, Delta 9-THC 
(D9-THC), and HHC are popping up 
with prodrug moieties, which include 
methyl, ethyl, and pivaloyl (PV) 
prodrug moieties being attached to 
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the essential hydroxy group within the 
aromatic ring that contributes to the 
important cannabimimetic activity (6). 
The prodrug moieties are typically used 
to create a stronger “psychedelic high” 
specifically the -O acetate (7), which 
does not increase smokable highs but 
might delay metabolism and survive the 
first pass leading to increased “high” 
orally, though nothing substantial. The 
motif is followed through the changing 
of the groups, which can enact different 
effects, as well as delay metabolism in-
creasing and modulating the “high” ef-
fects. Cannabinoid derivatives in which 
the hydroxyl group in the resorcinol 
core was removed or replaced by an 
alkyl chain to generate an ether group 
significantly decreased ligand binding 
to CB1 exhibiting better selectivity 
for the CB2 receptor. Phenol hydroxy 
(PH) is believed to participate in the 
hydrogen bonding interaction with 
the CB1 cannabinoid receptor (8). For 
example, tested dimethyl compounds 
such as 6,6,9-trimethyl-3-(2-methyl-
hexan-2-yl)-6a,7,10,10a-tetrahydro-6H-
benzo[c]chromen-1-ol (1-Figure 1) 
has significant affinities for both CB1 
and CB2 receptor, showing 0.83 nM 
and 0.49 nM as affinity constant (Ki) 
of CB1 and CB2, respectively. However, 
its corresponding methyl ether analog, 
1-methoxy-6,6,9-trimethyl-3-(2-meth-
ylhexan-2-yl)-6a,7,10,10a-tetrahydro-
6H-benzo[c]chromene (2-Figure 1) 
presented high CB2 selectivity with Ki 
(CB1) >20,000 and Ki (CB2) =19 nM 
(8,9). This led us to investigate several 
other linkers on the market attached to 
HHC and THC scaffolds as the primary 
focus due to their upcoming popularity 
within the market and identify their 
binding relationships as well as their 
ADME characteristics to help shine a 
light on an ever-changing market and 
provide a semblance of information on 
potential toxicities if any present.

 
2. Materials and Methods
General Remarks: All commercial acids 
and solvents were American Chemical 

Society (ACS) and high-performance 
liquid chromatography (HPLC) grade, 
respectively. Acids and solvents were 
all purchased from Sigma Aldrich and 
were used without further purification. 
Cannabidiol (CBD) isolate was pur-
chased in bulk from GVB Biopharma. 
Quantification was performed using 
high-performance liquid chromatogra-
phy (HPLC) on an Agilent 1100 series 
equipped with Next Leaf CBX for Po-
tency C18 RP column 2.7uM, 150x4.6mm. 
MeOH with CH2O2:H20 with CH2O2 is 
used for quantification of reactions. 
Reagents and solvents were ACS and 
HPLC grade, respectively. Reagents and 
solvents were all purchased from Sigma 
Aldrich and were used without further 
purification. CBD isolate was purchased 
in bulk from Columbia Basin Bioscience, 
OR. Quantification was performed using 
high-performance liquid chromatogra-
phy (HPLC) on an Agilent 1100 series 
equipped with Next Leaf CBX for Po-

tency C18 RP column 2.7uM, 150x4.6mm. 
MeOH with CH2O2:H20 with CH2O2 is 
used for quantification of reactions. 
Computation chemistry was performed 
according to methodology from Cruces 
et al. (10). 

2.1 Proteins and  
Ligands Preparation
All molecular docking experiments were 
achieved on CybertronPC CLX 13th 
Gen Intel(R) Core(TM) i9-13900KF 
at 3.00 GHz comprising 24 computing 
cores. Schrödinger Release 2023-3: 
Glide software was used as the docking 
program (11,12). Crystal structures of 
CB1, CB2, were retrieved from the RCSB 
Protein Data Bank. CB1 [(PDB: 7V3Z]/, 
CB2 [(PDB: 5ZTY)]. The proteins were 
prepared using a protein preparation 
workflow tool on Schrödinger Protein 
Preparation Wizard (3,4). The external 
water molecules and ions were removed. 
Polar Hydrogens were added. Missing 

Figure 1: A) Structures of 6,6,9-trimethyl-3-(2-methylhexan-2-yl)-6a,7,10,10a-tetrahy-
dro-6H-benzo[c]chromen-1-ol (1) and 1-methoxy-6,6,9-trimethyl-3-(2-methylhexan-2-
yl)-6a,7,10,10a-tetrahydro-6H-benzo[c]chromene (2). B) Is the chemical transformation 
of D8/D9-THC into the methyl ether analog. C) Is the chemical transformation of HHC 
into the methyl ether analog.
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side chains were filled using Epic and 
PROPKA. Het states were generated at 
pH 7.4 (+/- 2.0). Heavy atoms converged 
to RMSD 0.30Å. 3D structures of canna-
binoids and hydrogenated cannabinoids 
were established in 2D sketcher which 
was then exported as an SDF file and 
imported and prepared using LigPrep, 
to form 3D conformers, including the 
various 3D chiral conformations.

2.2 In Silico Molecular Docking
The grid parameter was generated cov-
ering the CB1 pockets for (PDB:7V3Z) 
[-42.91, -163.58, 306.7] for x,y,z coordi-
nates. The ligand diameter midpoint box 

follows a 10Å x 10Å x 10Å x,y,z dimen-
sion. The grid parameter was generated 
covering the CB2 pockets for (PDB:5ZTY) 
[9.09, -0.17, -55.72] for x,y,z coordinates. 
The ligand diameter midpoint box follows 
a 10Å x 10Å x 10Å x,y,z dimension.

2.3. Prediction of ADMET 
Properties
The absorption, distribution, metabo-
lism, excretion, and toxicity (ADMET) 
(13) properties of the cannabinoids were 
performed using QikProp version 4.4 in-
tegrated into Maestro (Schrödinger, LLC, 
New York, 2015) which predicts the widest 
variety of pharmaceutically relevant 

properties: QPlogS (predicted aqueous 
solubility), QPlogHERG (Predicted IC50 
value for blockage of HERG K+ channels), 
QPPCaco (predicted apparent Caco-2 cell 
permeability. Caco-2 cells are a model for 
the gut-blood barrier), QPlogBB (predict-
ed brain/blood partition coefficient), and 
% Human Oral Absorption (predicted 
human oral absorption in gastrointestinal 
tract on 0 to 100% scale). The calculated 
physicochemical descriptors are displayed 
in Table 4-SI. QikProp bases its predic-
tions on the full 3D molecular structure 
and the global minimum energy conform-
er of each compound was used as input 
for ADMET properties.

2.4. Characterization Data 
For the NMR analysis, the synthesized 
compounds were dissolved in CDCl3 (99.8 
% atom D; Cambridge Isotope Laborato-
ries, Andover, MA) and then transferred to 
a normal NMR tube. The proton and car-
bon nuclear magnetic resonance (1H-NMR 
and 13C-NMR, respectively) spectra were 
recorded using on a 500 MHz Bruker 
AVANCE II system at 25°C. 1H and 13C 
data sets were analyzed to yield complete 
1H and 13C peak assignments. Coupling 
constants (J) are given in Hertz (Hz), 
and spin multiplicities are shown by the 
following symbols: s (singlet), d (dou-
blet), dd (doublet of doublets), td (triplet 
of doublets), dt (doublet of triplets), dq 
(doublet of quartets), tt (triplet of trip-
lets), and m (multiplet).

3. Experimental
General Procedure for the 
Methylation of Cannabinoids 
To a solution of NaH 60% in mineral oil 
(152 g, 3.79 mol) in dry dimethylforma-
mide (DMF) (2000 ml) cooled in an ice 
bath was added the corresponding canna-
binoid derivative (3.1 mol) in DMF (2000 
ml) dropwise as the reaction is very 
exothermic. The reaction was stirred in 
the ice bath until bubbles subsided, and 
then methyl iodide (236 ml, 3.79 mol) 
was added, stirring overnight at room 
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Figure 2: HHC, D9-THC, and D8-THC ether derivatives that were screened.

Our team used a virtual screen of eight cannabinoid ethers to explore the binding interaction and binding 
energies between cannabinoid ethers and CB1 (7V3Z) and CB2 (5ZTY) receptors. The compounds that 
were screened included HHC-OMe (3), HHC-ethyl ether (4), D8THC-OMe (5), D8THC-ethyl ether (6), 
D8THC-Pivaloyl-ether (7), D9THC- OMe (8), D9THC-ethyl ether (9), D9THC-Pivaloyl-ether (10), and 
their diastereomers (Figure 2). Using Jaguar to perform minimizations and calculate DFT for given 
scaffolds, the then minimized scaffolds were docked within 7V3Z and 5ZTY proteins that were prepared 
using the Schrödinger protein preparation workflow. 
 

Figure 2: HHC, D9THC, and D8THC ether derivatives that were screened. 
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Table I: Results of threshold regression with hinge effect 

Compound Interacting Residues Interaction Types Docking Score

5ZTY

AM10257 Phe87, Phe116 Phe183, Trp405, Trp194, H2O π-stacking, π-stacking, π-stacking, π-stacking, 
H-bonding, H-bonding

0.00

Me HHC (3a) Phe183, His85, Trp194 π-π stacking, π-π stacking, π-π stacking -10.770

Me HHC (3b) Phe183 π-π stacking -9.091

Me HHC (3c) Phe183 π-π stacking -9.580

Me HHC (3d) No interaction

Me HHC (3e) Phe183, Phe87 π-π stacking, π-π stacking -9.672

Me HHC (3f) Phe183, Phe87 π-π stacking, π-π stacking -9.579

Me HHC (3g) Phe183 π-π stacking -9.874

Me HHC (3h) Trp194 π-π stacking -8.964

Et HHC (4a) Phe183 π-π stacking -9.266

Et HHC (4b) Phe183 π-π stacking -9.321

Et HHC (4c) Phe183, Phe87 π-π stacking, π-π stacking -9.849

Et HHC (4d) No interaction

Et HHC (4e) Phe183 π-π stacking -9.137

Et HHC (4f) Phe183, Phe87 π-π stacking, π-π stacking -9.979

Et HHC (4g) No interaction

Et HHC (4h) No interaction

R-HHC No interaction 

S-HHC Phe183, Trp194 π-π stacking, π-π stacking -7.121

Me D8THC (5a) Phe183, Phe87 π-π stacking, π-π stacking -10.167

Me D8THC (5b) Phe183, Phe87 π-π stacking, π-π stacking -10.167

Me D8THC (5c) Phe183 π-π stacking -9.684

Me D8THC (5d) His85 π-π stacking -9.558

Et D8THC (6a) Phe183 π-π stacking -9.425

Et D8THC (6b) Phe183, Phe87 π-π stacking, π-π stacking -9.756

Et D8THC (6c) No interaction

Et D8THC (6d) His85 π-π stacking -8.685

PIV D8THC (7a) Phe183, Phe87 π-π stacking, π-π stacking -9.712

PIV D8THC (7b) No interaction

PIV D8THC (7c) No interaction 

PIV D8THC (7d) Phe183 π-π stacking -9.415

D8THC No interaction

Me D9THC (8a) No interaction

PIV D8THC (7d) Phe183 π-π stacking -9.415

D8THC No interaction 

Me D9THC (8a) No interaction

Me D9THC (8b) Phe183 π-π stacking -9.173
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Compound Interacting Residues Interaction Types Docking Score

Me D9THC (8c) No interaction

Me D9THC (8d) Phe183, Phe87 π-π stacking, π-π stacking -9.288

Et D9THC (9a) Phe183 π-π stacking -9.642

Et D9THC (9b) Phe183, Phe87 π-π stacking, π-π stacking -9.964

Et D9THC (9c) No interaction

Et D9THC (9d) Phe183, Phe87 π-π stacking, π-π stacking -9.905

PVI D9THC (10a) No interaction

PVI D9THC (10b) Phe183, Phe87 π-π stacking, π-π stacking -9.709

PVI D9THC (10c) No interaction

PVI D9THC (10d) Phe183, Phe87 π-π stacking, π-π stacking -9.341

D9THC Phe87, Phe183 π-stacking, π-stacking -7.147

7V3Z

ORG27569 Phe72, Phe170, Phe268, Ile169, Ser75, Lys94, 
Ser407, Ser505, His80

π-stacking, π-stacking, π-stacking, H-bonding, 
H-bonding, H-bonding, H-bonding, H-bonding, 

π-cation

-

Me HHC (3a) Phe170, Phe268 π-π stacking, π-π stacking -6.710

Me HHC (3b) Phe170, Phe268 π-π stacking, π-π stacking -6.912

Me HHC (3c) Phe170, Phe268 π-π stacking, π-π stacking -7.455

Me HHC (3d) Phe170, Phe268 π-π stacking, π-π stacking -8.561

Me HHC (3e) Phe170, Phe268 π-π stacking, π-π stacking -7.643

Me HHC (3f) Phe170, Phe268 π-π stacking, π-π stacking -7.201

Me HHC (3g) Phe170, Phe268 π-π stacking, π-π stacking -7.109

Me HHC (3h) Phe170, Phe268 π-π stacking, π-π stacking -6.626

Et HHC (4a) Phe170, Phe268 π-π stacking, π-π stacking -7.113

Et HHC (4b) Phe170, Phe268 π-π stacking, π-π stacking -7.259

Et HHC (4c) Phe170, Phe268 π-π stacking, π-π stacking -7.086

Et HHC (4d) Phe170, Phe268 π-π stacking, π-π stacking -8.399

Et HHC (4e) Phe170, Phe268 π-π stacking, π-π stacking -7.879

Et HHC (4f) Phe170, Phe268 π-π stacking, π-π stacking -7.566

Et HHC (4g) Phe170, Phe268 π-π stacking, π-π stacking -7.137

Et HHC (4h) Phe170 π-π stacking -6.677

S-HHC No interaction Type

R-HHC Phe170, Phe268 π-π stacking, π-π stacking -9.146

Me D8THC (5a) Phe268 π-π stacking -6.724

Me D8THC (5b) Phe170, Phe268 π-π stacking, π-π stacking -7.959

Me D8THC (5c) Phe170, Phe268 π-π stacking, π-π stacking -7.714

Me D8THC (5d) Phe170, Phe268 π-π stacking, π-π stacking -6.942

Et D8THC (6a) Phe268 π-π stacking -4.174

Et D8THC (6b) Phe170, Phe268 π-π stacking, π-π stacking -8.193

Et D8THC (6c) Phe170, Phe268 π-π stacking, π-π stacking -7.295
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temperature. HPLC after 18h showed 
no starting material. The reaction was 
quenched with water and extracted with 
dichloromethane (DCM). The organic 
layer was washed five times with water, 
dried over sodium sulfate, and concen-
trated in vacuo to give a dark red oil. 
The oil was purified by silica gel plug 
with hexanes: EtOAc (95:5) to afford the 
cannabinoid methyl ether.

1-methoxy-6,6,9-trimethyl-3-pentyl-
6a,7,8,9,10,10a-hexahydro-6H-benzo[c]
chromene methyl ether (3) 

Yellow oil. 938 g (92% of yield).1H 
NMR (400 MHz, CDCl3) δ (ppm): 6.31 
(1H, d, J=1.7 Hz, H2); 6.25 (0.70H, d, 
J=1.7 Hz, H4, R-HHC-Me: 70%); 6.23 
(0.30H, d, J=1.7 Hz, H4, S-HHC-Me: 
30%); 3.80 (2.04H, s, OCH3_8’-R-HHC-
Me: 70%); 3,78 (0.94H, s, OCH3_8’, 
S-HHC-Me: 30%); 3.02 (0.30H, dt, J=2.8 
Hz, 11.0 Hz, H10a, R-HHC-Me: 70%); 
2.86 (0.30H, dq, J=1.5 Hz, 2.8 Hz, 11.2 Hz, 
H10a, S-HHC-Me: 30%); 2.65 (0.30H, 

td, J=2.8 Hz, 11.2 Hz, H6a, S-HHC-Me: 
30%); 2.52 (2H, td, J=2.8 Hz, 8.2 Hz, 
H1’); 2.43 (0.70H, td, J=2.8 Hz, 11.0 Hz, 
H6a, R-HHC-Me: 70%); 1.88-1.82 (1H, 
m, H10-1); 1.66-1.59 (3H, m, H9, H8-1, 
H7-1); 1.51-1.42 (1H, m, 10-2); 1.40-1.31 
(8H, m, H7-2, H8-2, H2’, H3’, H4’); 1.15-
1.07 (6H, m, CH3_6’, CH3_7’); 0.97-0.89 
(6H, m, CH3_5’, CH3_9’). 13C NMR (100 
MHz, CDCl3) δ (ppm): 159.1 (C1); 154.6 
(C5); 142.5 (C3); 111.8 (C5a); 110.3 (C4); 
103.2 (C2); 76.9 (C6); 55.8 (OCH3_8’); 
49.4 (C6a); 39.3 (C10a); 36.1 (C10); 35.8 
(C1’); 33.0 (C8); 31.8 (C2’); 30.9 (C3’); 
29.7 (C9); 28.3 (C7); 27.9 (C4’); 22.8; 22.7 
(CH3_6’, CH3_7’); 19.1 (CH3_9’); 14.2 
CH3_5’).

1-methoxy-6,6,9-trimethyl-3-pen-
tyl-6a,7,8,10a-tetrahydro-6H-benzo[c]
chromene (5)

Yellow oil. 915.1 g (90 % yield). 1H 
NMR (400 MHz, CDCl3) (ppm): 6.32 
(1H, d, J=1.7 Hz, H2); 6.26 (1H, d, J=1.7 
Hz, H4); 5.43 (1H, dd, J=4.8 Hz, 9.0 Hz, 

H10); 3.81 (3H, s, OCH3_8’); 3.16 (1H, 
dt, J=4.1 Hz, 11.0 Hz, 9.0 Hz, H10a,); 
2.67 (1H, td, J=4.8 Hz, 11.0 Hz, H6a); 2.51 
(2H, td, J=2.7 Hz, 8.2 Hz, H1’); 2.18-2.10 
(1H, m, H8-1); 1.90-1.81 (1H, m, H8-2); 
1.80-1.77 (2H, m, H7-1, H7-2); 1.71 (3H, 
s, CH3_9’); 1.61 (2H, tt, J=2.2 Hz, 8.2 Hz, 
H2’); 1.37; 1.10 (3H, s, CH3_6’, CH3_7’); 
1.35-1.33 (4H, m, H3’, H4’); 0.90 (3H, s, 
CH3_5’). 13C NMR (100 MHz, CDCl3) 
δ (ppm): 159.1 (C1); 154.5 (C5); 142.6 
(C3); 135.1 (C9); 119.4 (C10); 112.0 (C5a); 
110.4 (C4); 103.2 (C2); 76.6 (C6); 55.3 
(OCH3_8’); 45.2 (C6a); 36.4 (C10a); 36.2 
(C1’); 32.0 (C8); 31.8 (C2’); 30.9 (C3’); 
28.1 (C7); 27.7 (C4’); 23.7; 22.7 (CH3_6’, 
CH3_7’); 18.6 (CH3_9’); 14.2 CH3_5’).

4. Results and Discussion
4.1. Molecular Docking of 
Cannabinoid Ethers 
Our team used a virtual screen of eight 
cannabinoid ethers to explore the bind-
ing interaction and binding energies 

research  /  peer-reviewed

Compound Interacting Residues Interaction Types Docking Score

Et D8THC (6d) Phe170, Phe268 π-π stacking, π-π stacking -8.229

PVI D8THC (7a) Trp279 π-π stacking -4.258

PVI D8THC (7b) Phe170, Phe268 π-π stacking, π-π stacking -7.081

PVI D8THC (7c) No interaction Type

PVI D8THC (7d) Phe170, Phe268 π-π stacking, π-π stacking -7.031

D8THC Phe268, Phe170 π-π stacking, π-π stacking -6.095

Me D9THC (8a) Lys178  π-π stacking -6.364

Me D9THC (8b) Phe170, Phe268 -π stacking, π-π stacking -7.531

Me D9THC (8c) Lys178  π-π stacking -5.443

Me D9THC (8d) Phe170, Phe268 -π stacking, π-π stacking -7.760

Et D9THC (9a) No interaction

Et D9THC (9b) Phe170, Phe268 π-π stacking, π-π stacking -8.135

Et D9THC (9c) Phe170, Phe268 π-π stacking, π-π stacking -6.206

Et D9THC (9d) Phe170, Phe268 π-π stacking, π-π stacking -8.010

PVI D9THC (10a) No interaction

PVI D9THC (10b) Phe170, Phe268 π-π stacking, π-π stacking -6.765

PVI D9THC (10c) No interaction

PVI D9THC (10d) Phe170, Phe268 π-π stacking, π-π stacking -5.731

D9THC Phe170, Phe268, Ser505 π-stacking, π-stacking, H-bonding -9.497
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between cannabinoid ethers and CB1 
(7V3Z) and CB2 (5ZTY) receptors. The 
compounds that were screened includ-
ed HHC-OMe (3), HHC-ethyl ether 
(4), D8THC-OMe (5), D8THC-ethyl 
ether (6), D8THC-Pivaloyl-ether (7), 
D9THC- OMe (8), D9THC-ethyl ether 
(9), D9THC-Pivaloyl-ether (10), and 
their diastereomers (Figure 2). Using 
Jaguar to perform minimizations and 
calculate the density functional theory 
(DFT) for given scaffolds, the then 
minimized scaffolds were docked with-
in 7V3Z and 5ZTY proteins that were 
prepared using the Schrödinger protein 
preparation workflow.

For protein 5ZTY, which is bound 
with AM10257 an antagonist of the 
CB2 receptor, the results show that all 
docked cannabinoid ethers interacted 
with the amino acid residues of this 
protein (Table 1), and the most 
common residues were Phe183 and 
Phe87 with π-π stacking interaction. 
The best docking score is -10.770 kcal/
mol which corresponds to S-Me-HHC 
(3a) and the worst is -8.685 kcal/
mol for Et-D8-THC (6d) (Table 1). In 
addition, Me-HHC (3a and 3h) were 
the only compounds that exhibited 

an interaction with Trp194, which is 
a key residue in the binding pocket 
of the CB2 receptor. It is interesting 
to point out that the R-HHC (3d, 4d) 
ethers and R-HHC did not display any 
interaction with the amino acids of the 
5ZTY protein. Also, D8-THC methyl 
ether (5a) showed a good docking 
score (-10.167 kcal/mol), meanwhile, 
D9-THC methyl ether (8a) did not 
exhibit any interaction. For protein 
7V3Z as a CB1 receptor with a negative 
allosteric modulator ORG27569 bound, 
the specific interactions among the 
docked cannabinoids and 7V3Z residues 
and the docking scores are disclosed 
in Table 1. The most important amino 
acids found in the binding pocket that 
interact with cannabinoids include 
Phe170 and Phe268 via π-π stacking. 
Most of the docked compounds 
displayed good docking scores between 
-8.561 (R-Me-HHC-compound 3d) and 
-4.174 (Et-D8-THC-compound 6a). 
It is remarkable to observe that the 
best docking scores were obtained for 
protein 5ZTY (CB2 receptor) compared 
to protein 7V3Z (CB1 receptor). We 
selected S-HHC methyl ether (3a) 
and D8-THC methyl ether (5a) as the 

compounds that revealed the best 
docking affinity for the CB2 receptor.

The use of in-silico software to iden-
tify the binding affinities allows us to 
hypothesize the effects of compounds 
prior to running in-vitro or in-vivo ex-
periments to determine their physiolog-
ical or behavioral effects. Experiments 
done from 1991-1992 using radioligand 
assays to determine effects of methyl 
ether cannabinoids, D9-tetrahydrocan-
nabinol methyl ether (D9-THCME) was 
shown to have a Ki value of >10,000nM 
meaning the compound did not bind 
to CB1 receptor unless a large concen-
tration was taken. The reference ligand 
to test the affinity was 3H-CP-55,940, 
a ligand with high affinity for CB1 and 
CB2 at 0.58nM and 0.68nM respectively. 
The ligand is used in in-vivo experi-
ments to mimic the effects of THC (14). 
Behavioral experiments were performed 
using D8-tetrahydrocannabinol methyl 
ether (D8-THCME), D9-THCME, and 
D8-THC. D8-THCME from the invitro 
studies had a 3200nM binding affinity 
with the tail flick and behavioral char-
acteristics being completely diminished 
compared to the weaker D8-THC (15). 
The study also acknowledges that 
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Table II: General ADME Bio Scores

Compound MW QPlogSa QPlogHERGb QPPCacoc QPlogBBd % Human Oral 
Absorptione

Me HHC (3) 330.509 -8.701 -4.169 9906.038 0.717 100

Me D8THC (5) 328.494 -9.006 -5.070 9906.038 0.672 100

Me D9THC (8) 328.494 -9.106 -5.303 9906.038 0.737 100

Et HHC (4) 344.536 -9.662 -4.373 9906.038 0.796 100

Et D8THC (6) 342.520 -9.196 -5.031 9906.038 0.786 100

Et D9THC (9) 342.520 -9.702 -5.003 9906.038 0.806 100

PVC D8THC (8) 398.584 -7.150 -5.007 5519.052 -0.052 100

PVC D9THC (10) 398.584 -7.582 -5.064 6040.273 -0.036 100

HHC 316.483 -6.709 -4.705 4524.042 -0.092 100

D8THC 314.467 -6.621 -4.821 4719.169 -0.073 100

D9THC 314.467 -6.708 -4.828 4350.853 -0.112 100

Range of 95% drugs: a: Predicted aqueous solubility [-6.5 to +0.5]; b: HERG K+ Channel Blockage (log IC50) [concern below –5]; c: Apparent Caco-2 cell 
permeability in nm/s [<25 poor; >500 excellent]; d: Predicted log of the blood/brain partition coefficient [-3.0 to +1.2]; e: Human Oral Absorption in GI 
[<25% is poor].
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Table III: NMR spectroscopic data for and 1-methoxy-6,6,9-trimethyl-3-pentyl-6a,7,8,10a-tetrahydro-6H-benzo[c]chromene (5)

Compound 4 Compound 6

Position 1H-NMR (δ ppm, J Hz) 13C-NMR (δ ppm) 1H-NMR (δ ppm, J Hz) 13C-NMR (δ ppm)

1 - 159.1 - 159.1

2 6.31, d, J=1.7 103.2 6.32, d, J=1.7 103.2

3 - 142.5 - 142.6

4 6.25, d, J=1.7 (R-HHC, 70%)
6.23, d, J=1.7 (S-HHC, 30%)

110.3 6.26, d, J=1.7 110.4

5 - 154.6 - 154.5

5a - 111.8 - 112.0

6 - 76.9 - 76.6

6a 2.65, td, J=2.8, 11.2 (S-HHC, 30%)
2.43, td, J=2.8, 11.0 (R-HHC, 70%)

49.2 2.67, td, J=4.8, 11.0 45.2

7 7-1:1.66-1.59, m
7-2: 1.40-1.31, m

28.3 7-1: 1.80-1.77, m
7-2: 1.80-1.77, m

30.9

8 8-1: 1.66-1.59, m
8-2: 1.40-1.31, m

33.0 8-1: 2.18-2.10, m
8-2: 1.90-1.81, m 

32.0

9 1.66-1.59, m 29.7 - 135.1

10 10-1: 1.88-1.82, m
10-2: 1.51-1.42, m

36.1 5.43, dd, J=4.8, 9.0 119.4

10a 3.02, dt, J=2.8, 11.0 (R-HHC, 70%)
2.86, dq, J=1.5, 2.8, 11.2 (S-HHC, 30%)

39.3 3.16, dt, J=4.1, 11.0, 9.0 36.4

1’ 2.52, td, J=2.8, 8.2 35.8 2.51, td, J=2.7, 8.2 36.2

2’ 1.40-1.31, m 31.8 1.61, tt, J=2.2, 8.2 31.8

3’ 1.40-1.31, m 30.9 1.35-1.33, m 28.1

4’ 1.40-1.31, m 27.9 1.35-1.33, m 27.7

5’(CH3) 0.97-0.89, m 14.2 0.90, s 14.2

6’, 7’(CH3) 1.15-1.07, m 22.8, 22.7 1.37, s; 1.10, s 23,7, 22.7

8’ (OCH3) 3.80, s (R-HHC, 70%)
3,78, s (S-HHC, 30%)

55.2 3.81, s 55.3

9’(CH3) 0.97-0.89, m 19.1 1.71, s 18.6

D9THC 314.467 -6.708 -4.828 4350.853 -0.112 100 
Range of 95% drugs: a: Predicted aqueous solubility [-6.5 to +0.5]; b: HERG K+ Channel Blockage (log IC50) [concern below 
–5]; c: Apparent Caco-2 cell permeability in nm/s [<25 poor; >500 excellent]; d: Predicted log of the blood/brain partition 
coefficient [-3.0 to +1.2]; e: Human Oral Absorption in GI [<25% is poor]. 
 
The predicted solubilites of the cannabinoids are well outside the calculated ranges, which proves that the 
cannabinoids are extremly lipophilic with no feasible solubility in water. The decreased solubility reduces 
the absoprtion, digestion, and metabolism of the compound if taken as pure compound with the 
bioavailability scores being abysmyl (<5%). In studies the uptake of cannabinoids in fats, increases the 
bioavialability and affecting the absorption, digestion and metabolism of the cannabinoid, in an increased 
manner [19]. 
 
4.3 Synthesis and characterization of HHC-Me and D8THC-Me 
Our group was able to synthesize the methyl ether of HHC, starting with 6,9-dimethyl-3-pentyl-
6a,7,8,9,10,10a-hexahydro-6H-benzo[c]chromen-1-ol (11) using methyl iodide as methylation agent, and 
sodium hydride as base in tetrahydrofuran (THF) to obtain 1-methoxy-6,6,9-trimethyl-3-pentyl-
6a,7,8,9,10,10a-hexahydro-6H-benzo[c]chromene (3) with excellent yields (Figure 1b-c). 
 
HHC (11), the starting material, and HHC-OMe (4), the finished product, can be identified via 1H-NMR 
and 13C-NMR. 1H-NMR: In the region between 3.5-4.0 ppm, compound 3 shows a singlet corresponding 
to the hydrogens of the methoxy group. This peak does not appear at the 1H-NMR spectrum of HHC. 13C 
NMR: For Me-HHC (3), in the region between 50-60 ppm appears a peak corresponding with the methyl 
carbon in the methoxy group, which does not appear in the HHC (11). Table 2 provides NMR 
spectroscopic data for the Me-HHC (4) and D9-THC-ME (5). 
 
Table 2: NMR spectroscopic data for and 1-methoxy-6,6,9-trimethyl-3-pentyl-6a,7,8,10a-tetrahydro-6H-
benzo[c]chromene (5) 

 Compound 4 

 

Compound 6 

 
Position 1H-NMR (δ ppm, J Hz) 13C-NMR 

(δ ppm) 
1H-NMR (δ ppm, J Hz) 13C-NMR 

(δ ppm) 
1 - 159.1 - 159.1 
2 6.31, d, J=1.7 103.2 6.32, d, J=1.7 103.2 
3 - 142.5 - 142.6 
4 6.25, d, J=1.7 (R-HHC, 70%) 

6.23, d, J=1.7 (S-HHC, 30%) 
110.3 6.26, d, J=1.7  110.4 

D9THC 314.467 -6.708 -4.828 4350.853 -0.112 100 
Range of 95% drugs: a: Predicted aqueous solubility [-6.5 to +0.5]; b: HERG K+ Channel Blockage (log IC50) [concern below 
–5]; c: Apparent Caco-2 cell permeability in nm/s [<25 poor; >500 excellent]; d: Predicted log of the blood/brain partition 
coefficient [-3.0 to +1.2]; e: Human Oral Absorption in GI [<25% is poor]. 
 
The predicted solubilites of the cannabinoids are well outside the calculated ranges, which proves that the 
cannabinoids are extremly lipophilic with no feasible solubility in water. The decreased solubility reduces 
the absoprtion, digestion, and metabolism of the compound if taken as pure compound with the 
bioavailability scores being abysmyl (<5%). In studies the uptake of cannabinoids in fats, increases the 
bioavialability and affecting the absorption, digestion and metabolism of the cannabinoid, in an increased 
manner [19]. 
 
4.3 Synthesis and characterization of HHC-Me and D8THC-Me 
Our group was able to synthesize the methyl ether of HHC, starting with 6,9-dimethyl-3-pentyl-
6a,7,8,9,10,10a-hexahydro-6H-benzo[c]chromen-1-ol (11) using methyl iodide as methylation agent, and 
sodium hydride as base in tetrahydrofuran (THF) to obtain 1-methoxy-6,6,9-trimethyl-3-pentyl-
6a,7,8,9,10,10a-hexahydro-6H-benzo[c]chromene (3) with excellent yields (Figure 1b-c). 
 
HHC (11), the starting material, and HHC-OMe (4), the finished product, can be identified via 1H-NMR 
and 13C-NMR. 1H-NMR: In the region between 3.5-4.0 ppm, compound 3 shows a singlet corresponding 
to the hydrogens of the methoxy group. This peak does not appear at the 1H-NMR spectrum of HHC. 13C 
NMR: For Me-HHC (3), in the region between 50-60 ppm appears a peak corresponding with the methyl 
carbon in the methoxy group, which does not appear in the HHC (11). Table 2 provides NMR 
spectroscopic data for the Me-HHC (4) and D9-THC-ME (5). 
 
Table 2: NMR spectroscopic data for and 1-methoxy-6,6,9-trimethyl-3-pentyl-6a,7,8,10a-tetrahydro-6H-
benzo[c]chromene (5) 

 Compound 4 

 

Compound 6 

 
Position 1H-NMR (δ ppm, J Hz) 13C-NMR 

(δ ppm) 
1H-NMR (δ ppm, J Hz) 13C-NMR 

(δ ppm) 
1 - 159.1 - 159.1 
2 6.31, d, J=1.7 103.2 6.32, d, J=1.7 103.2 
3 - 142.5 - 142.6 
4 6.25, d, J=1.7 (R-HHC, 70%) 

6.23, d, J=1.7 (S-HHC, 30%) 
110.3 6.26, d, J=1.7  110.4 

through the use of rat and mouse testing 
the D8-THCME and D9-THCME are 
inactive and would need much higher 
doses to possibly create effects (15).

4.2. In Silico ADME Properties of 
Cannabinoid Ethers
Optimization of the ADME properties of 
the drug molecule is often the most dif-

ficult and challenging part of the whole 
drug discovery process. The ADME 
profile will also have a major impact 
on the likelihood of success of a drug. 
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The drug-likeness and physiochemi-
cal properties of cannabinoid ethers 
were analyzed via Maestro’s QikProp 
Schrödinger software (11). The pre-
dicted ADMET properties and descrip-
tors for the compounds are presented 
in Table 2. The aqueous solubility 
(QPlogS) is critical for the estimation 
of absorption and distribution of the 
compounds within the body and ranges 
between -7.150 and -9.702. These values 
were out of the recommended range and 
had poorer solubility than their analogs 
with the free OH group. The solubility 
of cannabinoids is a challenge due to 
their lipophilic character. QPlog-hERG 
is another parameter that is out of the 
recommended range for D8-THC and 
D9-THC ethers. It is predicted IC50 value 
for blockage of hERG K channels. Most 
other descriptors are within the recom-
mended range by QikProp for 95% of 
known oral drugs. These results suggest 
that HHC-ethers exhibited acceptable 
physiochemical properties, however, 
D8-THC and D9-THC ethers can induce 
cardiotoxicity and result in arrhythmia 
(16-18), according to the hERG (Human 
Ether-a-go-go related gene) scores. 
Studies have been published showing 
HHC can cause a failed hERG but pass 
Nav/Cav, meaning although inhibition 
is reported of the hERG pathway there 
is no inhibition of the ion channels 
allowing for regular beating of the heart. 
CBD also has shown to cause issues 
with hERG and can cause arrythmia 
and cardiac adverse events, with the 
use of Schrödinger we can identify 
possible issues based off the structure 
of the compound and known medicinal 
chemistry principles with a score of -5 
or higher possibly be concern for failing 
hERG and the need for further testing.

The predicted solubilities of the 
cannabinoids are well outside the 
calculated ranges, which proves that the 
cannabinoids are extremely lipophilic 
with no feasible solubility in water. 
The decreased solubility reduces the 

absorption, digestion, and metabolism 
of the compound if taken as pure 
compound with the bioavailability 
scores being abysmal (<5%). In studies 
the uptake of cannabinoids in fats, 
increases the bioavialability and 
affecting the absorption, digestion and 
metabolism of the cannabinoid, in an 
increased manner (19).

4.3 Synthesis and 
Characterization of HHC-Me  
and D8THC-Me
Our group was able to synthe-
size the methyl ether of HHC, 
starting with 6,9-dimethyl-3-pen-
tyl-6a,7,8,9,10,10a-hexahydro-6H-ben-
zo[c]chromen-1-ol (11) using methyl 
iodide as methylation agent, and sodium 
hydride as base in tetrahydrofuran 
(THF) to obtain 1-methoxy-6,6,9-
trimethyl-3-pentyl-6a,7,8,9,10,10a-hexa-
hydro-6H-benzo[c]chromene (3) with 
excellent yields (Figure 1b-c).

HHC (11), the starting material, and 
HHC-OMe (4), the finished product, 
can be identified via 1H-NMR and 
13C-NMR. 1H-NMR: In the region be-
tween 3.5-4.0 ppm, compound 3 shows a 
singlet corresponding to the hydrogens 
of the methoxy group. This peak does 
not appear at the 1H-NMR spectrum 
of HHC. 13C NMR: For Me-HHC (3), in 
the region between 50-60 ppm appears 
a peak corresponding with the methyl 
carbon in the methoxy group, which 
does not appear in the HHC (11). Table 
2 provides NMR spectroscopic data for 
the Me-HHC (4) and D9-THC-ME (5).

Our group also synthesized the 
methyl ether of THC, starting with 
6,6,9-trimethyl-3-pentyl-6a,7,8,10a-tet-
rahydro-6H-benzo[c]chromen-1-ol 
(12) using the procedure mentioned 
above to obtain 1-methoxy-6,6,9-
trimethyl-3-pentyl-6a,7,8,10a-tetrahy-
dro-6H-benzo[c]chromene (5) with 
excellent yields. THC (12), the starting 
material, and Me-D8THC (5), the 
finished product, could be identified 

by 1H-NMR and 13C-NMR. 1H-NMR: At 
3.8 ppm, compound 5 shows a singlet 
corresponding to the hydrogens of the 
methoxy group. This peak does not 
appear at the 1H-NMR spectrum of 
THC. 13C-NMR: For Me-D8THC (5), in 
the region between 55-56 ppm appears 
a peak corresponding with the methyl 
carbon in the methoxy group, which 
does not appear in the THC (12). Table 
2 above provides NMR spectroscopic 
data for the Me-D8THC (5).

5. Conclusion
Our team synthesized both the THC 
and HHC methyl ethers in high yield 
using NMR to verify the addition of the 
methyl ether, since HPLC can cause 
false identification of desired com-
pound. Molecular docking studies show 
that the cannabinoid methyl ethers bind 
favorably to CB2 over CB1 similar to the 
literature. The best docking affinities 
were shown by S-HHC methyl ether and 
D8-THC methyl ether. ADME results 
show that these compounds have low 
aqueous solubility and a potential for 
hERG K+ Channel Blockage. The pro-
duction of this data provides an in-silico 
assessment of the binding interactions 
of these pro-drug moiety analogs and 
an importance in identifying potential 
issues that would need further testing to 
ensure safety for consumers such as the 
hERG values which are pertinent in the 
pharmaceutical fields in whether or not 
drugs can be safe to use.
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Cannabis Science Conference Spring was held in Kansas City, Missouri from May 7-9, 
2024. Here, we provide highlights from this exciting event.

Cannabis Science 
Conference 2024: 

Advancing the Latest in Cannabis 
Research and Innovations

BY ERIN MCEVOY

FOR THE FIRST time in its history, the Cannabis 
Science Conference headed to the Midwest, 
an area comparatively new to the regulated 
cannabis industry. Led by the four program 

chairs and an educational steering committee, the three-
day event facilitated thought-provoking discussions and 
collaborations on cannabis analytical methods, cultivation 
technology, research, patient care, compliance, and much 
more. One topic of discussion that permeated the event 
was the recent developments with the Drug Enforcement 
Administration and the potential of rescheduling cannabis 
from a Schedule I to a Schedule III drug. Read on for our 
coverage from this year’s Cannabis Science Conference, 
including links to insights from Program Chairs, onsite 
interviews, and presentation highlights for you to dive even 
deeper into the experience!

Pre-Conference Workshops
Leading up to the conference, two pre-conference 
workshops offered attendees the opportunity for 
interactive learning. In one workshop, four ASTM 
International subcommittee meetings covered a variety 
of topics. Darwin Millard, vice-subcommittee Chair with 
ASTM, helped direct two of the meetings with Jimmy 
Farrell, Standards Development Manager at ASTM 
International: ASTM Subcommittee D37.04 Initiative 

on Equipment & Facility Cleaning and Joint ASTM 
Subcommittee Initiative on Vape Device Safety & Testing. 
Jini Glaros, Chief Scientific Officer at Modern Canna 
Laboratories, led the ASTM Task Group on developing a 
Standard Guide for Cannabis/Hemp Laboratory Out-of-
Specifications (OOS) and Retesting (WK85874), and Scheril 
Murray Powell, Esq., Cannabis, Agricultural, and Dietary 
Supplement Attorney, led the ASTM Subcommittee D37.93 
on Diversity, Equity, and Inclusion Meeting.

Additionally, Susan Audino, Kate Evans, Julie Kowal-
ski, and David Vaillencourt, hosted the workshop, “Can-
nabis Science, Testing and Troubleshooting with Experts: 
Turning Mountains into Molehills,” an afternoon of dis-
cussion between laboratory scientists, technicians, labo-
ratory managers, scientific directors, non-science labora-
tory owners, GMP professionals, and anyone interested in 
cannabis science and testing. In this onsite interview, Jul-
ie Kowalski, Technical Program Director of the Cannabis 
Science Conference and the Program Chair for the Analyt-
ical Track, shares her insights from this workshop.

Cannabis Science Conference 2024:  
Day One
Kicking off the two-day conference was keynote speaker, 
Jamila Owens-Todd, Naturopathic Doctor, Formulations 
Consultant and Director of Clinical Education, and an Ad-
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junct Professor of Cannabis Pharmacol-
ogy at St. Louis University’s Cannabis 
Science and Operations Course. In 
her presentation, “The Evolution of 
Cannabis As Medicine—Keys to Can-
nabis Manufacturing,” Owens-Todd 
discussed the various ways to approach 
plant medicine and manufacturing, 
examining how innovations in cannabis 
production and technology can still 
adhere to the original integrity and 
healing of the plant.

Next, Kim Stuck from the Canna 
Consortium, moderated the General 
Session discussion panel, “Federal Re-
scheduling: Opinions and Impacts,” 
which featured David Vaillencourt of 
S3 Collective, Ken Sobel, Esq., and Su-
san Audino of S.A. Audino & Associates, 
LLC, who shared their various perspec-
tives on the potential reclassification of 
cannabis to a Schedule III drug.

Following these presentations were 
sessions in the four tracks for this con-
ference: Analytical, Medical, Cultiva-
tion, and, new this year, the Compliance 
track. Each session included time for at-
tendees to ask questions of and engage 
with the presenters.

Notable presentations from the An-
alytical Track included “Polysorbate 
80: An Emulsifying Agent in Cannabis 

Microbiology,” by Anthony Repay, 
Laboratory Director of Method Test-
ing Labs, and “Innovative Method De-
velopment to Meet the Needs for the 
Cannabis Industry,” presented by Pat-
rick Bird, Senior Manager of Scientif-
ic Affairs at bioMérieux. Other topics 
in this track also included molecu-
lar biology, onsite laboratory valida-
tion, and moisture analysis for canna-
bis f lower. Some of these tracks were 
joint presentations in the Compliance 
Track, based on the subject explored.

The first presentation in the Cultiva-
tion Track was given by Antonio Timo-
teo Jr., PhD, research assistant at the 
University of Maryland Eastern Shore, 
who presented, “Maximizing Terpene 
Yields with Precise Harvest Timing in 
Cannabis sativa L.” Two other notable 
presentations included Bernie Lorenz, 
Chief Science Officer of ProKure Solu-
tions, who discussed “How COVID 
could revolutionize the way we grow 
cannabis,” and James Wylde, President 
and CEO of Greenlight Analytical, who 
presented “Maximizing Quality & Rev-
enue with Daily Analytics.” Other top-
ics in the track included horticulture 
lighting and phytochemical content, 
critical materials recovery, and perfor-
mance metrics.

The Medical Track covered a variety 
of topics including cannabidiol (CBD) 
and receptor promiscuity, the endocan-
nabinoid system, cannabinoid applica-
tions, microbiology risks and mitigation 
for consumers, psilocybin, patient per-
spectives of cannabis, and geriatric risk 
with cannabis. Several of the presenters 
were from the Cannabis Nurses Net-
work, and a special recognition was giv-
en at the beginning of the conference 
to honor their work (and the work of all 
nurses) during National Nurses Week 
(May 6–12, 2024). One of the nurses, 
Marcie Cooper, MSN, RN, AHN-BC, 
HWNC-BC, GHNA, presented “Reduc-
ing Polypharmacy for the Aging Popu-
lation,” to close out the first day of the 
track. “I have been a hospice and pallia-
tive care nurse for about 20 years now,” 
Cooper explained in an interview with 
Cannabis Science and Technology.  “And 
a lot of times we do see really horrible 
side effects that patients have from the 
polypharmacy. Working as a hospice 
nurse in Colorado for the past 15 years 
has been really eye opening, being able 
to see how cannabis can help relieve a 
lot of those interactions that happen 
with multiple drugs.”

While some of the Compliance 
Track sessions were joined with the 
Analytical Track, the standalone 
presentations featured these 
instructive discussions: “Nailing 
Compliance: Building and Maintaining 
an AI-powered ISO 17025-Compliant 
Cannabis Testing Lab,” “Enhancing 
Cannabis Product Quality through 
Quality Management Systems,” plus 
an hour-long panel presentation, 
“Impurities, Policy, and Progress: 
Charting the Future of Cannabinoid 
Product Safety,” which was moderated 
by Program Chair Kim Stuck and 
featured panelists David Vallencourt, 
GMP Collective; Robert Welch, 
University of Mississippi; and Chris 
Hudalla, ProVerde Laboratories, Inc.

“Led by the four program chairs 
and an educational steering 
committee, the three-day event 
facilitated thought-provoking 
discussions and collaborations 
on cannabis analytical methods, 
cultivation technology, research, 
patient care, compliance, and  
much more.”
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The breaks in between sessions—plus 
the opening night reception—provid-
ed ample opportunity for networking 
and poster presentations in the Exhib-
it Hall. Here, Danielle Lenoir explains 
her research in the poster presentation, 
“Proficiency Test Program Expands to 
Oil Matrix to Provide Additional Perfor-
mance Assessment for Hemp and Can-
nabis Testing Laboratories.”

Cannabis Science Confer-
ence 2024: Day Two
The second day of the Cannabis Science 
Conference featured a much-anticipated 
presentation of research from Allison 
Justice, PhD, and Riley Kirk, PhD, who 
discussed, “The Science of Smokeability: 
Insights on Cultivation and Post-
Harvest Techniques to Enhance the 
Quality of the Smoking Experience.” 
Dr. Allison Justice is the Founder and 
CEO of Hemp Mine, and Dr. Riley 
Kirk is the Co-Founder of Network of 
Applied Pharmacognosy. As Dr. Kirk 
summarized, “This research is about 
learning more about the smoking 
experience because our industry has 
not done any of this really baseline 
fundamental research in understanding 
from plant to smoke entering the body. 
What is happening on a biochemical 
level? What is happening with these 
different molecules? Are there different 
levels of transformation happening? And 
can consumers actually pick up on these 
little nuances? Or can they not?”

After the keynote presentation, the 
Cannabis HR Council hosted the Gen-
eral Session presentation, “The Role of 
DEI and Social Impact in Cannabis Sci-
ence and Innovation,” with Scheril Mur-
ray Powell, Esq., and John Calloway Jr., 
Founder of Calloway Venture & Asso-
ciates. This presentation explored the 
many facets of diversity in the canna-
bis workplaces and leadership, including 

the social impact diversity has on canna-
bis science, research, and innovation. As 
Calloway Jr. summarized, “diversity is 
going to fuel your innovation, inclusion 
is going to drive your productivity, and 
social impact will improve and enhance 
your reputation and the sustainability of 
your organization.”

The second day of the conference 
continued the informative session dis-
cussions and presentations from the 
day prior. The Analytical Track cov-
ered a wide variety of subjects includ-
ing Hansen Solubility Parameter and 
mixture entropy; cannabinoid and ter-
pene content in homemade butane hash 
oil and rosin extracts; mitigating base-
line toxicity of inhaled cannabis; total 
yeast, mold, and viable bacteria results 
in cannabis flower grown outdoors in 
New York; and the analysis of metal na-
noparticles in legal and illegal  
cannabis vapes.

The Cultivation Track explored new 
developments in postharvest touch-
points and pre-roll quality, bioaerosols 
in indoor cannabis manufacturing, cli-
mate control systems, the influence of 
mycorrhizal amendment on hemp, and 
optimizing lighting strategies to in-
crease yield and chemical uniformity.

Building on to the topics discussed 
during Day One, the Medical Track cov-
ered scientific insights into sales and 

customer practices, post-traumatic 
stress disorder (PTSD) and trauma-in-
formed care, nurses leading change in 
the industry, integrating medical can-
nabis into nursing practice, and holistic 
approaches in cannabis therapeutics.

Finally, the Compliance Track fea-
tured two standalone presentations be-
fore joining with the Analytical Track to 
round out the end of the day: “Product 
Safety Standards for CBD Products,” by 
Cristelle Santos, a toxicologist with the 
Broughton Group, and “Colorimetric 
Quality Control for CBD, Cannabis, and 
Hemp-based Consumer Products,” by 
Charles Steele, founder and president of 
CBF-Forensics, lecturer of Physical Sci-
ence, and Forensic Science Coordinator 
at Purdue University Northwest.

Thank you to our sponsors, exhibi-
tors, presenters, attendees, and every-
one behind the scenes who made this 
event successful! See you in 2025 for the 
next Cannabis Science Conference!

To stay up to date on more cannabis 
innovation and future conferences, fol-
low us on social and please visit www.
cannabisscienceconference.com.
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“Thank you to our sponsors, 
exhibitors, presenters, attendees, 

and everyone behind the scenes who 
made this event successful! See 

you in 2025 for the next Cannabis 
Science Conference!”
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