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" AFFIDAVIT OF DR. CAROLINE FERRIS

I, DR. CAROLINE FERRIS, Surrey North Commuhity Health Centre, 10697 135A St
Surrey BC, MAKE OATH AND SAY AS FOLLOWS, THAT:

1. My name is Caroline Ferris and | make this affidavit of my own personal knowledge,

information and belief. Where matters are stated {o be on information and belief | so

indicate and believe them to be true.

2. Now produced and marked as Exhibit “A” to this my Affidavit is my Rebuttal Expert

Report.

3. Now produced and marked as Exhibit “B” to this my Affidavit is my signed
Certificate Concerning Code of Conduct for Expert Witnesses.

4. | swear this Affidavit as an expert rebuttal withess on behalf of the Plaintiffs in this

action.

SWORN BEFORE ME at the City )
of Abbotsford, in the Province of }
British Columbia, this 18" day of )
December, 2014 )

)

S FE )

A Commissioner fof Taking Affidavits in )
and for the Province of British Columbia )

"A"z : ¢

DR. CAROLINE FERRIS



This is Exhitit #7, refeived to in

the affidavit of L2inline_Frrns

sworn before me at Abbols/ad SC
EXPERT REPORT  this /01" day of L4 . Conld.

CAROLINE FERRIS QXZD T
T )

Agtimmissioner for taking affidavita
for Brilish Columbia

(a) a statement of the issues addressed in the report;

This report addresses in rebuttal vanous issues arising in the Defendant Expert
Report of Dr. Paul Daeninck of October 27, 2014, :

(b) a descriptlon of the qualif catlons of the expert on the issues addressed inthe -
report; : :

“MD, C_-_CT—_"P, FCFP

Clinical Ass;staht Professor' UBC Depan‘ment of Famfly Practlce-ﬁ‘:ff L

Site Faculty, Surrey South Fraser Family Practice Residency Program .
CME Lead, Surrey-Non‘h Delta DIVISIOI? of Family Practice Clinical cannabis
experience:

e 20 years in full-service family practice including obstetrics, hospital and
palliative care

e 5 years working in Mental Health and Substance Use doing primary care
¢ strong interest in complementary and aiternate therapies;

e authorized patients in my family practice under the MMAR program since
approximately 2001, recognizing cannabis as an effective herbal remedy;

e became a member of Canadian Consortium for the Investigation of
Cannabinoids (CCIC) and participated in their online Cannabis Medical
Education program and other CME activities;

o did MMAR consultations for a Compassion Club 2008-2010, for patients who
had been screened by the Club and had all their documentation;

e medical editing of Philippe Lucas’ multi-centre study of harm reduction with
cannabis; and Dr Paul Homby's published case studies on MS and chronic
pain patients {(anonymouslyy);

e shifts at Medicinal Cannabis Resource Centre Inc. (MCRCI) 2011 onward
(this is essentially a Chronic Pain Clinic);

¢ became a member of the MCRCI Advisory Board in 2011;

= became a member of the local Multidisciplinary Association of Psychedelic
Studies Advisory Board in 2011; currently clinician for “MDMA for PTSD”
study;

e became a member of Physicians for Medicinal Cannabis at its inception
(2013);



e gave feedback to Health Canada during the public consultative process
around MMAR/MMPR,;

o gave feedback to College of Family Physicians of Canada regarding the

policy document on cannabis, and was m\nted to participate in their Workmg
Group, _

e lecture Famlty Practice Residents on Medlcmal Cannabls

e ‘routinely teach medical students and FP Res;dents how to assess a patlent
- for cannabis recommendation, generally in the context of chronic-pain; using

basic principles of family pract:ce standard nsk assessment toots and a harm
reduction approach. : _

e Consequently, as a result of the above expenences 1.am famlhar w;th the

© issue of “dosage” in the real world as a result of my clinical’ pract:ce I.am

pnmanly a family physician and my UBC facuity appomtment is a clinical

one - in other words I'm a practical person not an academic. My faculty

position is for Behaviour Medicine which covers interpersonal interactions,

communication styles, self-awareness and resilience, as well as care of
underserved populations.

(c) the expert’s current curriculum vitae attached to the report as a scheduie;

Attached as Schedule A

(d) the facts and assumptions on which the opinions in the report are based; in

that regard, a letter of instructions, if any, may be attached to the report as a
schedule;

| was asked to review Dr. Daeninck’s report and to respond to any points

contained in it that in my opinion required some rebuttal by way of clarification,
or amplification or otherwise.

{e) a summary of the opinions expressed

I disagree with the opinion of Dr. Daeninck in a number of specific aspects as
set out below in relation to each of the specific questions. In my opinion, his
experiences is limited in relation to the authorization of the use of herbal
cannabis to a variety of conditions and his practice appears to be primarily
limited to cancer patients and to the prescription of pharmaceutical
cannabinoids. In particular, 1 do not share his concerns about dosage as | do for

other pharmaceutical drugs, given the low to virtually nonexistent lethal dose
(LD50) for cannabis (marihuana)

{f} in the case of a report that is provided in response to another expert’s report,

an indication of the points of agreement and of disagreement with the other
expert’s opinions;

Question 1



Paragraph 16 — | disagree with schizophrenia as absolute contraindication.

Local psychiatrists often prescribe cannabis for anxiety and sleep in relation to

this condition. | rely on and | am informed by local Psychiatrist Dr. Donna Dryer -
(ddryer@orenda.org) who advises she routinely recommends standardized high
cannabldiol capsules that are at least in a ratio of CBD to THC of 210 1 or3to 1
but are usually 20 to 1 (Cannabidiol 20 mg to 1 mg of THC for patients with
schizophrenla as well as for many of her patients with PTSD any psychotic
disorder, -Bipolar Disorder, Cancer, Anxiety, Arthritis, Tourette's, ADHD,"
“Migraines, Parkinsons Disease, Fibromyalgia and any of the other Central
Sensitization Syndrome Disorders (ftbromyalg;a overlapping PTSD etc) that she -

- informs me-are the physical consequences of early childhood neglect/abuse now R

- known as Ear!y Ch;ldhood Advers:ty or developmental PTSD.

In my expenence patients and 319mf cantly their families have requested '
cannabis to assist with the above diagnosis, specifically in preference to not
wishing to use prescription medications which may be addictive or have serious
side effects. | have attached a few published references involving cannabis and
schizophrenia as scheduled and referenced below.

Paragraph 18 - With respect to the College of Family Physicians of Canada
(CFCP) document (Annex B) it is a draft or “preliminary guide” which is currently
being revised. | am a member of the Commitiee which is working on this revision.
My suggestions/recommendations have included that the indications be more
inclusive as currently they do not recommend for anxiety, multiple sclerosis or
osteoarthritic pain, despite ample evidence to the contrary.

Paragraphs 19, 24 — The evidence shows that patienis using substances such as
opioids and benzodiazapine’s, whether licit or illicit, tend to reduce use of those
drugs when cannabis is available and this leads to a reduction in opiotd overdose

rates (see Lucas papers referenced below ; Aug 2014 JAMA Article referenced
below)

Paragraph 25 - | would recommend performing a urine drug screen to evaluate

patients for whom substance use disorder is suspected. This eliminates any
assumptions.

Question 2

Paragraph 29 — | agree in general with doses of 3-5 grams/day as being
adequate for most patients. However according to the Health Canada
“Information for Healthcare Professionals” (Annex A) (table 3 p. 51), the dose
required for oral consumption is 2.5 times the smoked dose. Hence the dose
range for those using edibles can easily be 10 -12.5 grams. One must also factor
in tolerance, for which there are many factors to consider, including genetics.



Also, patients will require more product if it is of very low potency; not everyone is
growing or able to access super-potent sirains.

Paragraph 35 - concentrates such as hash, oil and tincture make sense from a
harm reduction perspective: eliminating combustion of large amounts of plant

material reduces airway lrrltation and other harms from smokmg the dried
product .

Question 3

Paragraph 37- While | acknowledge that somie patients may requ:re h;gher doses
- for edibles, | am suspicious of doses around 20 glday and higher. | believe a~
small number of growers have abused their licences’ and have proftted from
“selling surplus product. | would decline an’ apphcatlon if someone asked for a
dose higher than calculated “so | can pay some bills” or because a Designated
Grower fold them to ask for a certain amount. 'If, in my assessment the patient is

seeking the authorization wath an intention of abusing it in any way ! will decline
the request. :

Paragraph 41 — On the “criminal coercion” issue | point to the failure of Health
Canada to set up local systems for properly administering the MMAR program,
leaving it open to abuse. We don’t ban opiates for all patients because some
people are diverting them, and therefore in my opinion we should not restrict
access to or ban all home growing of cannabis because of the actions of a few,
especially if this removes access for these individuals due to unaffordability.
Legitimate patients with safe gardens who are growing within their dose limits
should not, in my opinion, be penalized by the actions of the criminal minority
resulting in restricted access to their medicine.

Paragraph 43 — Tampering — | have never personally seen this or experienced it
- | would routinely get a call from Health Canada about doses authorized over 10
g, and would discuss the situation with them but | never received a call

suggesting the amount had been altered or asking me to verify an amount had
been altered.

{g) the reasons for each opinion expressed;

As a clinician | know there is no or a very low LD 50 (lethal dose ratio) for
cannabis so the concern over dosage is not what it is for drugs doctors usuaily
prescribe such as oxycontin for example for which there is also a black market
demand and that can kill by overdose. What practicing doctors do is, listen to
patients, try a dose, have them come back, talk to them and see what works and
what doesn’t within the limits of what is available and keep trying to arrive at a
dosage that works for the particular patients medical issues.



There is a big problem in this area in general, exemplified Dr. Daeninks
perspective. In particular, in his credentials, item 5, he states, with reference to
his clinical practice, “I have used prescription cannabinoids in hundreds of
patients over the past 16 years, as well as medical marijuana in approximately 20
patients under the MMPR”. This is not very significant -clinical cannabis
-experience. Many of the patients who come to see me for marijuana support
have already tried “prescription cannabinoids” (e.g. nabilone or Sativex). That's

why they come to try the actual plant in some form as the others have not been
;work:ng sattsfactortiy

o The Canad!an Consorttum for the Investigation of Cannabmmds (CCiC) andr

“physicians like Dr. Mark Ware, and Paul Daeninck et al are committed to
1 “science”, which-is the goldeén calf of modern medicine. There isr't much ¢linical -+

ﬁ_i-,_:-smence pubhshed in-this area for various reasons and the. papers | have read B

~ trouble me be_cause the researchers, not the patients, are the.ones who
' ‘determined the “doses” for the study. Mark Ware, who is director of CCIC, and
‘one of those who helped develop not only the CCIC check-list that Dr. Daeninck
refers to, but also the Quebec College policy on medical marijuana, and the
College of Family Physicians of Canada Preliminary Guidelines paper (Annex B
to Dr. Daeninck’s report), is also a frequent presenter at medical education
conferences. He is a medicinal cannabinoid advocate, and has lmited
experience with the authorization of whole plant medicine with patients.

These respected professionals are trying to legitimize cannabis as medicine, but
they also seem to be paying homage to the political rhetoric that cannabis is a
“dangerous drug”, and their statements and the guidelines they help develop are
regularly challenged by those of us doing clinical cannabis medicine.

| agree with Dr. Daeninck’s concerns about high dosages under the MMAR, and |
personally have noticed that the “dosage” requests under the MMPR are smaller
than under the MMAR, but that is only part of the story. | think there are many

reasons for higher requests under the MMAR, some of which Dr. Daeninck
identifies:

- some patients diverted to the illicit market; under the MMPR there’s no
profit in diversion, because the licensed product is so expensive and
arguably there is less diversion given the developments in the market

south of the border with respect to medical and legal cannabis and the
effect on the Canadian market;

- some were poor growers, or couldn't afford the hydro bills to grow

properly, so asked for a higher “dosage” to get the number of plants to
produce what they needed,

- most of the MMAR patients were experienced users, many having long
before converted to oils or edibles (which | believe DO require more plant



product for comparable medical effects, contrary to what Dr. Daeninck
says}, whereas many MMPR applicants ,in my experience, are naive and
early explorers, starting low. (In fact, my practice with a naive user, is
START them with a medical document for 5 gm per day. [ know they're
not likely to use that much, but it gives them an opportunity to explore

- different strains and prepare different ingestible products. Why should | tie
their hands with a tiny. “dosage” that has nothing to do with how they are

- going to treat their medical problem? - these are often desperate patients,
- who have never before even thought of USING it, let alone SELLING it,
and stand to gain nothlng from -having more than they need.) The
important thing is to give them enough to try various things and to have
them keep coming back to moniter the situation and obtain feedback from

‘as to what works and what doesn’t; and to monitor the use, just like any’

other drug- prescribed and remembenng it is not lethal, like most many of |
the others o ‘

Dr. Daeninck also admits' that his patient base is limited to cancer patients.
Those are generally not the patients that | see who request higher doses in my
clinical practice;

I think the whole issue of dose is a distraction (which Dr. Daeninck keeps
referring to as if it were a complex and important question), taken way out of
proportion by our profession, mainly because doctors regularly prescribe drugs
that can be lethal when the dose is too high. With cannabis, if you use it for
medical purposes, as far as I'm concemned, the “dose” is whatever you need (|
believe this is the approach in California). Besides, there are over 400 strains. In
my opinion, a medical declaration is not a prescription (a concept which is very
hard to sell to doctors and their Regulatory Colieges, even though no doctor
would write a prescription that said “3 gm. of any narcotic of the patient's
choice”).

Health Canada’s Information for Health Care Professionals (Annex A to Dr.
Daenink) was put together responsibly by a scientist with no agenda except to
compile everything he could find in the literature that was relevant (however
limited the studies). It has never been thoroughly discussed by the PMC
(Practitioners for Medicinal Cannabis). The PMC now has 66 active participants,
including Mark Ware, Ethan Russo, and Jeff Hergenrather of the Society of
Cannabis Clinicians, from California.

Here are a few PMC comments on the CFPC (and other College) guidelines, that
Dr. Daeninck includes as Annex B to his report:

- | have not seen anyone stand up and make the point that the guidelines
that they have created may actually be more harmful than anything else.



- | have been a bit disheartened over the last while about policies being
based on poor literature. For example, the Ontario guidelines refer to the
Volkow study published in the NEJM - "Adverse effects of marijuana use”.
This is. a terrible paper; in the words of Leon Gussow of the Poison
Revrew "as much a political document as a medical one”. '

L These new guidelines are full of mistakes They are unscnentn‘ ic and do

not ~reflect anecdotal evidence ~or evenresearch - articles.

-,.-Po_ﬁcy _ like- this is written top-down by those with a _ political

‘agenda purely. Essentially, the administration has an agenda and they

force the issue in a very unscientific and non-democratic: manner. Stick to

| “the Health Canada information for Heaith Care Pract:tlonefs whlch as wel!- : )

FIE _‘ﬁrefgféﬂced

- _What treubles me about many Regulatory Coliege statements and

" “Published Guidelines” is an apparent lack of - inclusion of the pomts
‘of view of those practitioners whose primary “evidence” is listening
to the stories of hundreds of patients who have so much to teach us
about the clinical impact of cannabis on their quality of life. I'm
not sure how to address this. | do respectfully suggest that our
profession’s veneration of “science” should not limit our commitment
to listening, or our ability to see.

Dr. Daenink seems relatively open-minded however the depth and breadth of his
experience is limited, as he's been ftreating only cancer patients, with the
pharmaceutical product nabilone. By far the majority of bona fide medical
cannabis patients are suffering with severe arthritis, MS, or HIV related illness,
and most of them are using herbal cannabis in one form or another.

It's interesting what the perception of the medical community is/was re: the
MMAR program. | actually heard the former FHA Addiction Medicine Physician
Lead tell a group of colleagues that the MMAR program is only for patients
terminally ill with cancer. | did share with the group the full range of B1
indications and typical B2 indications for the MMAR.

The professional autonomy and compassionate nature of physicians are being
high-jacked by a politically driven agenda, which discourages us from
considering medical cannabis as an option for fear of regulatory reprisal.

| think that medically approved patients should have the option to be allowed to
grow their medicine for themselves inexpensive like other natural health care
plants or other piants for food etc. and the Government should not need to
regulate this anymore than they do food or natural health care plants products
unless the products are being sold to the public as medicine in which case the
Food and Drugs Act, Natural Health Care Products Regulations would
presumably apply. This does not mean there should not be local rules involving



inspections etc. to ensure the safety and security of a premises and its
inhabitants.

My general conStderatlons as a clinician, on these issues can be summarized
as follows: :

1) The v_éry _!6w.'LD50 of 6annabis with comparisons {o commonly _us_éd -.ﬂ |
‘medications such as ibuprofen and opiates. For example, after readinga
thorough literature -review of ibuprofen with harms and risks laid out as

they were for cannabis, the general public would likely elect not to use - -

ibuprofen. Yet this relatively harmful substance is widely used and readily

~ -available over the counter.. 400 Canadians die annually from G} bleeds-r_f:;i:'
-caused by NSAID's; yet not a single ‘Canadian has perished from usang‘ e

. ,cannabss a!one (I have LDSG data for cannabls ‘NSAID's and oplates )

2y The foliy of basmg our opmlons on scnentlfic studies” alone whiter_
ignoring a vast body of clinical experience and pattent experience. ‘In-
medicine, we often use treatments that are "unproven” simply because .
we've aiways done it or it became popular on as it later turmns out
misguided evidence. For example, for years we recommended Vitamin E

as a powerful antioxidant with general health benefits and a cardio
protective effect. Then, huge studies were undertaken which revealed that
people who use Vitamin E regularly had a higher all-cause mortality rate.
Now we're busy telling our patients to stop taking Vitamin E.

Similarly, low-dose aspirin was recommended for years as a preventive
measure for heart attacks and strokes. When the big studies were done,
we noted that hemorrhagic complications (such as Gl bleed and stroke)
far outweighed the putative benefits of aspirin for prevention. Now, we've
changed our tune and are recommending low-dose ASA only for

secondary prevention for those who've already experienced a cardiac
event or stroke. ‘

3) Our duty as physicians is to "cure sometimes, relieve often and comfort
always". We are gatekeepers of a system that is founded on science but
operated on compassion. To give physicians another tool that we can use
to relieve our patient's suffering is a gift. We shouldn't assume cannabis to
be a Trojan horse, but consider it in context, using our medical skills to

assess a patient and determine if cannabis could be of therapeutic benefit
for them.

The principles of medicine, and of Family Practice in particular, are
founded on the relationship between physician and patient. The family
physician is in the best position to assess their patient, based on their
longitudinal knowledge of the ‘biopsychosociospiritual’ context of that
individual. By using our basic iools of history taking and physical
examination, supplemented with other investigations as necessary, we are

8



able to determine whether a medical condition exists and whether a
patient has had benefit from a given therapy. -

When patients have a condition that hasn't responded io other therapies,
and for which they have found benefit from cannabis, they need o be able
to trust that their physician will treat them seriously and not dismiss them
as a "stoner” seeking legitimization for recreational cannabis use. in order

to assess that patient properly, a physacuan needs to be informed,
compassmnate and yes, open- manded : :

-1 do agree with risk assessment and reiatlve contraandicatlons for.
~ cannabis...but | would apply the same principles as .| .would when
- cons:dertng prescrlpt:on of any other substance w:th abuse potent:al

-(h) any hterature or other materials spemﬁcaily relled on in support of the
opinions; ' :

“How not to protect community health and safety what the govemment’'s own
data says about the effects of cannabis prohibition”, December 2010, Stop the
Violence BC Coalition

“Long term marijuana users seeking medical cannabis in California (2001-2007):
demographics, social characteristics, patterns of cannabis and other drug use of

4117 applicants”, Harm Reduction Journal, BioMed Central, Thomas O’Conneli,
November 3, 2007

“Response to CFCP Draft Guidelines for Authorizing Dried Cannabis”, Caroline
Ferris, MD, CCFP, FCFP

“Cannabis for therapeutic purposes; Patient characteristics, access, and reasons
for use”, International Journal of Drug Policy, Zach Walsh et al,, August 30, 2013

“Inflammation and aging. Can endocannabinoids help?” Biomedicine &
Pharmacotherapy, Yannick Marchalant, et al., February 19, 2008

‘Harm reduction — the cannabis paradox” Harm Reduction Journal, Robert
Melamede, September 22, 2005

“The Role of the Physician in ‘Medical’ Marijuana”, American Society of Addiction
Medicine, September 2010

“Cannabis as a subsﬁtute for alcohol and other drugs: A dispensary-based
survey of substitution effect in Canadian medical cannabis patients”, Informa

Healthcare, Addiction Research and Theory, Philippe Lucas, et al,, September
20, 2012.



“Moral regulation and the presumption of guilt in Health Canada’s medical
cannabis policy and practice”, International Journal of Drug Pohcy, thppe
Lucas, et al. September 8, 2008 :

“Cannabis and schizophrenia: towards a cannabinoid hypothesrs of
'sch;zophrema” Mu!!er—Vaht Attached as Schedule “B”

ﬂcannabmo;ds and. Sch:zophrema Therapeutic Pros,oects,, PJ. Robson 2 014
: 'Attached as Schedule “C” E |

,-Amencan Herbal Pharmacopoe;a “Cannabis Inflorescence, Cannabis spp.

Standards of. fdenﬁty, Anaiysrs and Quahty Contror’ 2014 Aﬁgched'.;gg. - ;

-_?':Schedule “D ».

(i) a‘summary of the methodology used including any exammataons, tests or

other investigations ‘'on which the-expert has relied, including details of the -
qualifications of the person who carried them out, and whether a representatlve-
of any other party was present;

Not Applicable

() any caveats or qualifications necessary to render the report complete and
accurate, including those relating to any insufficiency of data or research and an
indication of any matters that fall outside the expert’s field of expertise;

Not Applicable

(k) particulars of any aspect of the expert's relationship with a party to the
proceeding or the subject matter of his or her proposed evidence that might
affect his or her duty to the Court.

| do not have any relationship with any party to the proceeding, and my
relationship to the subject matter of my proposed evidence arises as a result of

my experience as a physician and will not affect my duty to the court as an
expert withess.
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SCHEDULE “A”

CURRICULUM VITAE: CAROLINE FERRIS, MD, CCFP, FCFP

. Education:

MD 1986, UBC - -
Rotating Internship, 1986-87, Saskatoon City Hosplta} ,
Internal Medicine RII year, 1988-89, UBC e
Post-Grad courses in Public Health, 1990-91, UBC -

-~ Certificant of College of Family Physicians 1993

- Breastfeeding Counsellor Cemﬁcatmn 1997 Douglas '

College
Fellowship College of Family Phys1c1ans 2003

- Methadone Mamteﬂance Certlﬁcatlon 2010

R Work EXﬁér,ieﬁc'e

Locum Tenens 1987- 88 Saskatchewan .
Family Practice, North Delta, 1989- 2003 .
Family Practice Obstetrics, PAH/SMH 1989- 1999

- Physician, Planned Parenthood N Delta, 1989-1992

Primary Care Physician, South Fraser Mental Health,
1999-2001
Family Practice, Morgan Creek, Surrey, 2003-2010
(FHA Pilot Site for Enhanced Family Practice)
Primary Care Physician, Fraser Health MHSU 2009-
2011
Staff Physician, Creekside Withdrawal Mgmt Centre
2010-present
Staff Physician, Surrey North Community Health Centre
2009-present

Hospital Prix}i}eges: Delta Hospital, 1989-1992

Surrey Memorial Hospital, 1990-2003
and current
Peace Arch Hospital, 2003-2009

Professional Activities: Advisory Board, Healthiest Babies Possible, 1989-

1999
Member, BCMA Environmental Committee, 1990-92

Instructor, Surrey Memorial Hospital Prenatal Classes,
1990-1999

Member, South Fraser Breastfeeding Promotion
Committee, 1992-1999 {including 3 yrs as Chair)
Member, Steering Committee for Advance Care



Planning, PAH, 2004-2007
Research Collaborator, Dr Jerrilyn Prior, 2004-present
Medical Director, Morgan Creek Women’s Chnlc 2004-
2007
Chinical Associate Professor Faculty of Medlclne UBC
2006-present
Examiner, Medical Council of Canada, 2009-present
Peer Tutor, Canadian College of Famdy Physmlans
2009-present
‘Member, Steering Commitiee Fraser Health Substance o
Use, 2009-2011 -0 0 0 e e E e
' Orgamzmg Commlttee Berman Concurrent Dlsorders
- Conference 2010, 2011

Current Appointments: Clinical Assistant Professor, UBC Department of
Family Practice
UBC Surrey South Fraser Family Practice Residency
Program Site Faculty (Behaviour Medicine)

Wellness and CME 1.ead, Surrey/North
Delta Division of Family Practice

Advisory Board, MCRCI

Advisory Board, Multidisciplinary Association of
Psychedelic Studies
Member, Physicians for Medical Cannabis
Member, Canadian Consortium for Investigation of
Cannabinoids
Member, Canadian Society of Addiction Medicine

Community Service: Member-At-Large, Panorama Ridge Ratepayers Ass’n,
1989-1992
PAC, Colebrook Elementary School, 1997-2002
Leader, Girl Guides of Canada, 1999-2004

Surrey North Delta Division of Family Practice, 2011~
present

Contact ferris.carloiine@gmai}.com
604-961-6746
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" Kirsten R
-Muller-Vahl® and

- "Hinderk M Emrich
tAuthor for correspondence
Clinic of Psychiatry,
Socialpsychiatry &
Psychotherapy, Hannover
Medical Schoo,
Carl-Neuberg-Str. T, D-30625
Hannover, Germany
Tel.: +49 511 532 3167
Fax: +49 511 532 3187
muelfer-vahl kirsten@
mh-hannover.de

Cannab1

ong hand cannabls is the most wxdely used ﬂlegal
cannabis has 1o be dlassified as-an indepehdent risks

suggesting that, at leastinas
contnbute to the pathogenesis afisc
‘dopamine hypothesis' o
Interestingly, there is a Gér

_Ké\%ﬁéﬁﬁs’:ﬁiteﬂahy oca
. schizophrenia . ?HC ;-. ;

Sch{mphrema s a common PSy‘ChlatrlC disor-
der charactenzed by impairments in the per-
ception or expression of reality. Since there is

" no labbratory rese available, diagnosis is based
~_on patienss’ self-reported experiences in combi-

nation with psychopathological symptoms

" observed by a clinieian. Different systems have

been used to dlassify schizophrenic disorders. All
these categorizations describe a list of different
symproms that must be met for a certain period
of time in order for someone to be diagnosed
with schizophrenia t13.

Most often schizophrenic symproms are sub-
classified into positive {or productive} and nega-
tive (or deficit) symptoms. Pesitive symptoms
include delusions, auditory hallucinations and
thought disorder. Negative symptoms include
features such as blunted affect and emotion,
poverty of speech, anhedonia and lack of moti-
vation. In many patients, in addition, so-called
disorganized symptoms may occur such as cha-
otic speech, thought and behavior. It is impor-
tant to note, that none of these signs are diag-
nostic of schizophrenia, and ali symproms can

-s' ancl*sch ”lo\,ph rema_. _’: 

of major relevance. On the
re s substantial evidence that
chosis that may lead 1o a worse

phrenla (e g., increased density of (B, receptor binding
Ffluid endocannabinoid anandamide). Accordingly, beside the
.schizophrerita a ‘cannabinoid hypothesis’' has been suggested.
Iex mteractzon between the dopammerglc and the endocannabinoid

occur in other medical and psychiawic condi-
tions. Depending on the clinical sympromarol-
ogy, schizophrenia is classified into the follow-
ing types: paranoid, disorganized, catatonic,
undifferentiated and residual type.
Schizophrenia occurs equally in males and
females. However, the peak age of omser is
2028 years for males, but 26-32 years for
females. The lifetime prevalence of schizophre-
nia is approximately 0.5-1.0%. Schizophrenia
is known to be a major cause of disability associ-
ated with social isolation and decreased life
expectancy. A substantial number of patients
diagnosed with schizophrenia suffer from
comorbidities such zs depression, anxiery disor-
ders and substance abuse. Approximately a third
of patients have a complete recovery, a third
improves but do not fully recover and anether
third remain significandy 1L Ir is assumed thar
there is a multifactorial pathogenesis in schizo-
phrenia including genetic and environmental
facrors, neurobiological alterations, as well as
psychological and social processes. Pathophysio-
logically there is evidence for an alteration in
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the dopaminergic system wirh increased dopaminergic activiry
in subcortical areas including the striatum, and decreased
dopaminergic activity in cortical areas such as the prefrontal
cortex. However, recent studies also suggested an involvement
“of 'the scrotonergic, gluramatergic and GABAergic systems.
Dopamine recepror antagonists (neuroleptics) are still the first
choice trearment in schizophrenia. While positive symptoms in
many cases can be controlled by these drugs, impairment in
* basic psychologlca! functions such.as memory, attention, execu-
" tive function and problem sculvmg is difficulr ro ereaz. Owing to
the many possible combinations of symproms, there is a con-
* trovessial debate as to whether schizophrénia represents a smgic
d:sordcr ora numbcr of dxscrete syndromes .

' ) ';'Cannab:s satlva, cannabmmds & the endocannabmmd
‘receptor. system

Cannabis sativa is one the oldest and widely distributed dmgs
used in the form of dried buds or flowers {marijuana), resin
"(hashish}, or various extracts collectively known as hashish oil.
Cannabis plants produce a unique family of terpenophenclic
compounds called cannabinotds. To date, more than 60 differ-
ent cannabinoids have been detected. The two cannabinoids
usually produced in greatest abundance are A’-tetrahydrocan-

nabinol (THC) and cannabidiol (CBD). THC is the major
psychoactive compound of cannabis. THC acts as a centhal -
cannabinoid CB, receptor agonist and, by thar, mimigs the
endogenous cannabmo:ds It was stereochemically def ged arszi-

synthesized in 1964 [3. ’

To date, two cannabinoid receptors havedbeen Ldemﬁﬁed CB
was cloned in 1990 (4 and CB, in 199345). Hnwever, ‘siiice can-
nabinoid effects have been described diat ‘ste riog smediated by
CB1 or CB2, there is increasing evidence fof the existence of one
or more additional, but so far unknown cannabmo:d receptors
(CB3) [61. While CBl receptors aﬁfg mainly lggatcd on neurons in
ervous syseem, CB, receptors pre-
dominantly occur in immune cells: Within che bra.m, CB, recep-
tors are highly expressed it & cerebral cortex (pa,racuiarly fron-
tal areas), basal ganglia, hippbcampus, anterior cingulate correx
and cerebellum. It has beek demonstrated thatr CB, receptors
inhibit the release of several neurotransmitrers and neuromodu-
lators including dopamine, GABA, serotonin, glutamate,
noradrenaline and acetylcholine. The endogenous cannabinoid
system, in addition, comprises a series of lipophilic endogenous
ligands and enzymes for the biosynthesis and degradation of the
endocannabinoids {7). To date, five endocannabinoids have been
identified. The two mesi important are anandamide (N-ara-
chidonylethanolamide [AEA]}, discovered in 1992 (5], and 2-ara-
chidonoy! glycerol (2-AG), discovered in 1995 9). However, the
physiclogical and pathophysiologically role of the endogenous
cannabinoid receptor system is still widely unknown.

Cannabis has been used for medicinal purposes for approxi-
mately 4000 years. In former times it was used to treat gas-
trointestinal disorders, insomnia, headache, pain, emesis, epi-

_under clinical

lepsy and inflammarion. However, it was not reintroduced
into modern medicine until approximately 20 years ago.-
Established therapeadic effects of THC are the treatment of
refractory navsea and vorniting associated with cancer chemo-
therapy, and of appetite loss in cancer cachexia and AIDS wast-
mg Further indications are neuropathic pain in multiple-scle-

rosis, other pain syndromes, spasticity; moverent ‘disorders . -

such as Tourette' syndrome and levodopa mduced dyskmesza,
glaucoma and asthma 1. i
For clinicat use, in addition to THC (dronabmol Mannol®)
and CBD, the synthetic cannab;;}oxd nabilone, the carnabis .
extracts Cannador® and Sétivex-@ onwdining both THC and
CBD) and the selective CB,-r ¢ T am:agomst rsmonabam
(SR141716A} are also avaﬂabi' i

mvestlgat

welt; eszabhshed L‘nat lngh doses of cannabis can cause a tran-
sient toxic psychesis, it is unclear whether cannabis use
increases the risk of psychotic illness persisting after abstinence
from the drug. However, there is substantial evidence thar

Jheavy cannabis abuse in healthy persons is a risk factor for the

clinical manifesration of schizophrenia and triggers the onset of
psychotic episodes in predisposed individuals and triggers
relapse in patients with schizophrenia. Since the vast majority
of cannabis users do not develop psychosis, it can be hypothe-
sized that some people are genetically vulnerable to these
effects. Furthermore, it has been suggested that the high preva-
lence of cannabis use in patients with schizophrenia could be
explained as a kind of self medication, not only to reduce dis-
ease-associated symptoms such as depression, bur also 1o
diminish neuroleprtic-induced side effects 10]. Alrernatively to
this ‘self-medication hypotheses’ an ‘affect regulation model
bas been proposed. According to this model negative emotions
are associated with grearer substance use problems. Thus, sub-
stance use in patients with schizophrenia could be understood
as an attempt 10 cope with negative affects 1111,

it is known thar acute administration of cannabis leads to
reversible, dose-dependent cognitive impairments. In the gen-
eral population, it has been shown that cannabis negatively
impacts cognitive functioning, although it is unclear whether
cognitive deficits even persist after abstinence for a longer
petiod. Investigating the effects of cannabis on. cognitive func-
tions in patents wich first-episode psychosis, it has been dem-
onstrated that cognitive functioning and performance is com-
parable or even better in those patients using cannabis
compared with non-using patients (12,13, Cther studies, how-
ever, provided evidence for negative effects of THC on cogni-
tive functioning in patients with schizophrenia (141 In a recent
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meta-analysis, including 23 studies with a total of 1807
patients with schizophrenia, it was concluded that preferential
use of cannabis (bur not alcohol) in persons with schizophrenia
_ is indeed associased with higher scores for problem solving-and
reasoning and visual memory 1151 The authors, therefore; spec-
ulated that cannabis mighs have a newroprorective effect among
. persons with schizophrenia 115].

Maore recently, several epidemiological studies have been pcr— '

formed investigating whether cannabis use acts as an independ-
" ent risk factor in the onset of schszoph.rema In 1987, Andreas-
son e al. for the first time performed a large longitudinal seudy
 in a cohort of 45,570 Swedish- conscripts and found that heavy
cannabis use at age 18 years causes a sixfold increase in the risk
of later schizophrenia compared with -non-usets [16]. Ina fola_

low-up study (surveymg a per!od of 27 ‘years and. mdudmg

50,087 subjects) these data were corroborated - -suggesting a

causal relationship between canhabis use and an increased risk -

of developmg schizophrenia 171 Arsencaule e al. found that
cannabis use in adolescence increases the likelihood for adule-
onser schizophreniform disorder with a greater risk after easly
use (by age 15 yeass) compared with later cannabis use (by ag
18 years} (18]. This age dependence was confirmed by a prospe¢:

tive population-based Dutch study 1135, These dlinical data are’ :

also in line with results obuained from animal studies suggesting
that chronic administration of cannabineid agonists durin
periadolescent period causes persistent behavioral alteraﬁp?
adult ammals (26]. ’

relationship between cumulatwe exposure: 0 ca.nnabls use and
the psychosis outcome 1231 Tn-a Duagish- study, 535 paticncs
treated for cannabis-induced psychatic symproms were followed
for ar least 3 years ro establigh'the prognostic importance of this
disorder 121]. Almpst half of the patignts were subsequently diag-
nosed with schizophre i 2 $pectrum disorders. Age at onset of
these patients was eaxim; cotipared with a comparison group
with schizophrenia specerum disorders withour a history of can-
nabis-induced psychotie symptoms (211, This finding was con-
firmed by a population-based Dutch study demonstrating a 7-
year age difference berween male cannabis users and non-users
{z2]. From a population-based sample including 2437 young
people it was concluded thas cannabis use increases the risk of
psychotic symproms especially in those with evidence of predis-
positien for psychosis [231. Twe studies from New Zealand [24,25)
and one from Tsrael 126] further support that regular cannabis
use may increase the risk of psychosis. In a recent review, Smit ez
al. concluded that the ‘self-medication hypothesis’ in people
with schizophrenia using canpabis is not supporied by the liter-
ature f271. In addition, the authors stated that the hypothesis
thar other drugs than cannabis might increase the risk of
becoming schizophrenic should also be dismissed owing 1o lack
of evidence. By contrast, they summarized thar cannabis has to

“second-generation .

be classified as an independent risk factor for psychosis. This
risk seemns to be increased in vulnerable people and may depend
on the amount of cannabis used 127].

. Functional interaction between the cannabinoid _&it_hé

dopammerg;c system

Since it has been suggested that psychosis is caused by an over-

~ active dopammerg]c system (the dopamine hypothesis of schiz-
- ophrenia} {241, it has been speculated thar cannabinoids mlght

cause or exacerbate psychoses by increasing the activiey of the
dopammerglc system, The
geésting a-complex interacti
and the 'dopaminergic'sy.
'.'T‘F_rom p.rei_imin'ary

between the CB, reccp_to: systcm

psydwt:cs, in particular’ ciozapme, :
fubis in patienss with schizophrenia
servipibn raises the question as to whether the

decrease the usevof.
29-311. Tlus

npsychotlc drugs such as haloperidol, chlorpromazine
olanzapine} results in a selective decrease of CB, recepror
I dmg in the nucleus accumbens but not in other brain
regions (the frontal cortex, hippocampus and striamum) 325
This effece disappeared after withdrawal from clozapine.
Inversely, a 20% decrease in suiatal dopamine D, recepror
binding could be observed immediately after smoking cannabis
in a 38-year-old drug-free patient with schizophrenia when
using SPECT and iodobenzamide (*1IBZM) 331

In addition, plasma values of the dopamine merabolite
homovanillic acid (HVA) were found significantly higher in a
first-admission cannabis psychosis group compared with non-
cannabis using psychotic patients (34]. Since it has been demon-
strated that the urine concentration of HVA is increased in can~
nabis-intoxicated normal volunteers, an increased dopamine
turnover after cannabis use has been suggested (353, It has been
speculated that in patients with cannabis-induced psychosis a
genetic vulnerability may lead to an increased dopaminergic
activity {34l

There is a large number of animal studies available substanti-
ating an interaction between the endocannabineid and the
dopaminergic systemn. In rass it could be demonstrated that
anandamide release in the dorsal striatum was eightfold
increased after administration of a Dy-like dopamine receptor
agonist j3s]. This response could be prevented by administration
of 2 D,-like receptor antagonist. Pretreatrent with the cannab-
inoid antagonist rimonabant (SR141716A) enhanced the stim-
ulation of motor behavior elicited by a Dy-like dopamine recep-
tor agonist, while administration of SR141716A alone had no
effect on motor activity. It can therefore be speculared thar the
endocannabinoid system may act as an inhibitory feedback
mechanism countering dopamine stimulation of motor activity
i36l. In addicion, it has been demonstrated that anandamide
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increases the release of dopamine both in the suiarum (37 and
in the mesolimbic system {38). Treatments with the dopamine
D, recepror antagonist haloperidol and sulpiride resulred in sig-
nificantly increased cannabinoid receptor mRNA levels in the

caudate-putamen. Therefore, it has been suggested that the

" cxpression of the cannabineid recepror gene in the striatum is
under the negative comrol of dopamine receptor-mediared
events [39].

. In rats it has been demonstrated that exposure 0 THC
increases ‘the “activity. and - expression of tyrosine hydrolase
(T'H}, a rate limiting enzyme in the synthesis of dopamine and

- other catecholamines 140). However, postmortem analyses of

. patients with. schxzophrcma {n=14) compared with normal

'controls {n = 14} failed To demomtrate changes in che levels of

- UTH in the caudate and _.subs__tar;t_m nigra, irrespective of recent

‘cannabis use {41). By contrast, binding sites of the dopamine
transporter {DAT), a presynaptic marker on dopaminergic neu-
rons, were found to be decreased in the caudate in patients with
schizophrenia using ["H]mazindole and autoradiography [411.
Because these changes depended on recent cannabis use and
were observed only in those parients who had no THC in their
blood ar autopsy, it has been suggested thar decreased DAT
binding is associated with the pathology of schizophrenia and
might be reversed by THC a1

DAT knockout {(KO) mice can be used as an animal mode}
associated with hyperdopaminergia that has been suggested 1o

be relevant to schizophrenia. It has been demonstrated that
constitutive hyperdopaminergia in DAT KO mice is assocxared
with a significant decrease of striatal anandamide leyels [423-
These results further support that hypcrdepammexgxa leads o
alterations of the endocannabinoid system: and suggést that
normalization of decreased anandamide Tevels mi i
an alternartive therapeutic strategy pr__dlsorgers associated with
hyperdopaminergia such as schizophrenia (42):

Schizophrenia-like clinical & ects of THC

The hypothesis that the: c&nsnmpuon of exogenous cannabi-
noids may contribute to th rathophysiology of psychosis is fur-
ther supported by observatipns in healthy volunteers 114,43-451
Administration of intravenous THC to 22 healthy individuals
produced transient schizophrenia-like positive and negative
symptoms such as suspiciousness, paranoid delusions, concep-
tual disorganizaton, Hlusions, blunted affect, psychomotor
retardation and emotional withdrawal. In addition, perceprual
alterations, euphoria, anxiety and deficits in working memory,
recall and the executive control of attention were observed 14s).
These effects of THC were found to be more robust with the
inhaled and intravenous route of administration compared with
oral intake and corresponded to peak drug levels 46. In frequent
cannabis users, compared with healthy conerols, blunted
responses to the psychotomietic, perceprual altering, cognitive
impairing and anxiogenic effects of THC were found 134,
Therefore, it has been suggested that frequent users of cannabis

investigated ‘whether pretre

are either inherently blunted in their response and/or develop
tolerance to these effecrs of cannabineids 144). In a paralle] study,
it was demonstrated that in patients with schizophrenia intrave-
nous THC transiently. exacerbated both positive and negative
symptoms, as well as perceptual altérnagions and cognitive defi-

ciss. In addition; extrapyramidal symproms dué to neuroleptic

medication increased afrer THC. Compared with healthy con-
trols, patients with sch:zophren;a seemed to be more vulnerable
1o the effects of THC on learning and :memory. Since THC,
leads o an exacerbation of syfproms in-patients with schizo-
phrepia despite ongoing treatment. with dopamine I, receptor
antagonists, it can be speculat
effects are medlated through mec
dopaminergic system In anoth

otiza erdl, therefore"
dopamme D2 recep—
tor antagonist haloperidol i
subjects and freq'ucn ma

etfert of THC. Concerning the psychotomi-
' C thc authors therefore suggested a crosstalk

~term potentiation, long-term depression and inhibition of the

release of different neurotransmitters such as GABA, glutamare
and acerylcholine have been implicated in the amnestic effects of
cannabinoids [46).

Binocular depth inversion as a mode! of illusionary
visual perception
Based on experiments asing the binocular depth inversion rest
{(BDIT) ro investigate cognitive impairment in patients with
schizophrenia, Emrich er al suggested that a dysfunctional
endocannabinoid receptor system might underlie at least a sub-
type of endogenous psychoses 1471, Previous studies using the
BDIT as 2 model of Hlusionary visual perception demonstrated
highly impaired scores not orly in patients with schizophrenia
148) bur also in healthy volunteers after sleep deprivation [49] and
during alcohol withdrawal (501 People in these different states
were more veridical in their jadgments viewing inverted (con-
cave) faces in the BDIT. Altered BDIT has even been demon-
strated in patients in an easly, prodromal state of schizophrenia,
suggesting that impaired visual information processing precedes
the first manifestation of acute psychosis ;511 In patients with
schizophrenia impaired binocular depth inversion improved in
parallel with clinically effective antipsychotic tredtment 521,
In healehy volunteers, it can be assumed thar cognitive facrors
override the binocular disparity cues of stereopsis and, thereby,
correct an implausible perceptual hypothesis. Accordingly, it
has been suggested that impairment of binocular depth inver-
sion reflects a common final pathway, characterized by an
impairment of adaptive systems regulating percepsion [48].
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o whether THC-induced =~ .
s méependent fromthe -,



Cannabis & schizophrenic: fowards a connabinoid hypothesis of schizophrenia

Inveéstigating binocular depth inversion in THC-intoxicared
normal velunteers compared with both healthy controls and
parients suffering from productive psychoses, similar alterations
were detected in THC-intoxicated normal volunteers and

. patients with schizophtenia (47. Regular cannabis users also
demonstrared reduced binocular. depth -inversion compared
with normal controls-153]. It has therefore been speculated: that
comparable disturbances in the internal regulation of percep-
tual processes can be found in patients with schizophrenia and
THC-intoxicated: peoplc i471. By contrast, application of the
nonpsychotrophic CBD did not affect BDIT in healthy male

- volunteets  [54. However, - the combined application of both

- CBD and nabilone, a psychoacnve synthetic 9% “trans: ketocan-

T nabineid, reduced nabﬂone—mduced alterations i BDIT [54] ‘

" This observatron “further. supports ‘the hypothesxs that CBD

: mxght act ag an atyplcal antipsychotic agent that is able to abate
some of the THC-induced psychotmpm effects (see fazer) 1551,

Based on a concept developed by Gray and Rawlins in 1986
(563, strategies of processing, in general, are thought to be predi-
cated on a comparative system that adjusts incoming sensory

data (bottom-up) with conceptual knowledge (top-down). In .
patients with schizophrenia there ks evidence thar these adaptﬁeh-

top-down mechanisms of internal correction are weakened and, " exthibit pre-existing pathologically hyperactive anadamide lev-

thus, the generadon of perceprual hypotheses is deficient to
dominate botrorm-up signals ¢57,58). Disturbance of binocular
depth inversion, as measared in acute psychosis as well as in
THC-intoxicated normal volunteers, has been 1mi-:rpretéd to
represent such an impairment of the rop-down processisig’ 48591

Cerebrospmai ﬂuad endocannab;nmd !eveis in
schizophrenia

An involvement of the endogﬁnous cannabinoid receptor sys-
tem in schizophrenia is further sighported-by findings in cere-
brospinal fluid (CSF) in patients with schizophrenia. Leweke
et al examined CBE .co! atiops of different endogenous
cannabinoids in 19 pariénitwith schl:rophrema compared with
11 controls [so. W}iﬂe dpncentrations of the endocannabinoids
anandamide and pgl‘rmgylethanolamtde (PEA) were found sig-
nificandy increased in‘patients with schizophrenia compared
with controls, levels of 2-AG were below detection in both
groups [60}. The anthors suggested thar changes in the endocan-
nabinoid concentrations in schizophrenia might reflect either a
homeostatic adaption of the endocannabinoid system to a pri-
mary dopaminergic dysfunction or a primary hypercannabinergic
state 1601,

In a follow-up study, Giuffrida ez 2/ found thar CSF ananda-
mide levels are eightfold higher in antipsychotic-naive first-epi-
sode paranoid patients with schizephrenia (n=47) than in
healthy controls (n = 84) t611. In addition, an influence of antip-
sychotic drugs on CSF anandamide levels was obvious: while in
patients with schizophrenia treared with typical antipsychotic

“drugs (antagonizing predominanty dopamine D,-like recep-
tors) CSF anandamide levels were similar to those of healthy

‘healthy controls (n = 81) 162

controls; by contrast, in patients treated with atypical antipsy-
chotics (interacting preferentially with serotonin 5-HT), recep-
tors) levels were similar to those of drug-neive patienss with
schizophrenia. Furthermeore, in nonmedicated acute patients
with schizophrenia CSF anandamide levels. were ncgativcly' cor-
related with psychotic symptoms. It has been hypothesized that
anandamide elevation in acute paranaid'sé:hizophrenia may
reflect a2 compensatory adaptanon to the disease state that can
be normalized by typical antipsychotic drugs [611.-

In another study, Leweke er 2l examined whclher cannabis use
alters serum and CSF anandamide levels in beth firsc-¢pisode
antipsychotic-naive patients “with sch]zophrema (n=47) and .

patients with: schmnphrema with -

low-frequency cannabr.s_*_ us
were greater than te
who suffered from d‘uzop fenia- (n=.
quency (n = wand “hildhy high- frequency useéss (n =26}, .
From these ﬁndlng has been concluded that frequent canna-
bis expostire may. d@ﬁrnregulate anandamide signaling in the

patientswith schizophrenia, but not of healthy individu-
. speculated that frequent cannabis use increases the
rig}g for ps"jréhotic episodes only in those individuals who

-hlghafrequcncy sers
19, hcalthy low-fre--

els, “as demonstrated in first episode, antipsychotic-naive
patiénts with schizophrenia f621.

Endocannabinoid plasma levels in schizophrenia
There are only a limited number of investigations available
measuring endocannabinoid levels in the plasma of patients
with schizophrenia. De Marchi e 4l found significantly
increased amounts of both anandamide and the mRNA for the
anandamide degrading enzyme fauy acid amide hydrolase
{FAAH) in patients with schizophrenia (n = 12) compared with
healthy controls (n =20) (531, Successful antipsychotic trear-
ment (n = 5) led to a reducrion of anandamide blood levels and
of the mRNA transcripts for CB; receprors and FAAH. No
changes, however, were detected for the CB; mRNA sranscript.
The authors hypothesized that an acute psychotic episode is
associated not only with impaired endocannabinoid signaling
in the CNS, bur also with increased peripheral blood levels of
anandamide. The simultaneously increased expression of the
degrading enzyme FAAH could be explained as a compensatory
attempt to normalize the circulating anandamide levels 631,
These results were, at least in part, confirmed by another
study investigating endocannabinoid levels in plasma in
humans t64;. Plasma anandamide levels were found to be signif-
icantly higher in first-episode neuroleptic-naive patients with
schizophrenia {n = 17) compared with normal conwrols
{n = 20). In patients with chronic schizophrenia after neurolep-
tic withdrawal there was a trend towards incressed anandamide
levels. While plasma 2-AG levels were similar in firse-cpisode
neuroleptic-naive patients with schizophrenia and normal con-
trols, 2-AG levels were significantly lower in first-episode
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neuroleptic-naive patients with schizophrenia compared with
patienss with chronic schizophrenia after withdrawal from neu-
roleptic medication. The authors speculated thar an increase’in
plasma anandamide levels might be related 1o the disease inde-

. pendent of the state, bur 2-AG might be related to disease pro-

gression (64, By contrast, Leweke et ol failed o detect altera-
tions in serum anandamide levels in fiest-episode antlpsychotxc«
naive patients with schizophrenia irrespective of the1r cannabis
use [62].

‘Postmortem studles of the CB1 receptor system ln
. schlzophrema

With regard twa ca.rmabmmd hypothesis of schtzophrema, it :s:

of importance thae highest densities of CB, receptors in’ ‘the
_ brain are found in those regions that have been i__mphcated in

Schizéphrenia',' including the prefrontal cortex, basal ganglia,

hippocampus, and the anterior cingulate cortex {ACC) (631,
There are two postmortem studies available measuring CB,
receptor binding density in the human brain in patients with
schizophrenia. Using [3HICP-55940, Dean er 2l investigated
central cannabinoid receptor binding in the dorsolateral pre-
frontal cortex (Brodmana’s area 9), caudate-putamen and

areas of the temporal lobe from patients with schizophrenia
{n =14} compared with control subjects (n = 14) a). Inis

schizophrenia partients, specific binding was found to ‘B
increased in the dorsolateral prefrontal cortex. Ingestiol

in normal cognidon and the fact :hat cogm
impaired in schizophrenia, the d;stnb_u,u n and d
cannabinoid receprors in the left AGC was ‘investigated in
patienis with schizophrenia (n =73} and’ mmched control sub-
jects (n=9 . Uing the B:l'i receptor  antagonist
[3HISR141716A a sxgn}ﬁca.m 6406 increase in specific binding
was found in patients w:ﬁh schazophrcnla compared with normal
cantrols, These changes weresnot related to recent cannabis use.
In contrast to these ﬁndi:i'gé, in a recent study Koethe e af
failed to demonstrate alterations of the expression of CB; recep-
tors in the ACC at the protein level using immunohistochemis-
try in patients with schizophrenia (n=15) compared with
healthy controls (n = 15} 168). The authors attributed the incon-
sistency of their results compared with prior findings to different
methodological approaches and influences from medication on
the expression on CB, receptoss {68].

Since in schizophrenia abnormal gluramate, GABA and
muscarinic receptor binding has been demonstrated in the
posterior cingulate cortex (PCC) fso701, and based on the
known interaction of all these transmitter systems with the
endocannabinoid system, Newell ¢r al investigated the bind-
ing of PH]CP-55940 to CB; receprors in the PCC in schizo-
phrenia 1713, They found a significant 25% increase in CB,

very prel;mmary stage. Al
10 measure specific binding

binding in the superficial (fayer I and I}, but not the deeper
layers {layers HI-VI}, of the PCC of patients with schizophre-
nia compared with conrrols. Influence from recent cannabis
use on these findings could be excluded, ‘

These preliminary data obtained from postmortem analyses
demonstrated for the first time alterations in CB; . reccptor

-binding in patients with schizophrenia, Observed changes in

_the endogenous cannabinoid system in the ACC, the PCC and
/ the dorsolatéral prefronzal cortex are in line with the theoretical
s concepmons regardmg the pathology of Sc}n?ophrema

ferent aspects of the carmr

7 CBa receptars in'vive'in. humans
are already forthcemmg there is only one single case stdy
available investigati central cannabinoid CB, receptors in a
izophrenia 1723 Using **1-AM281 and PET,
¢, recéfitor binding was observed in the striarum and
wn, moderarely high binding was seen in the fronmal
- remporal cortex and the cerebellum, These findings
iles from iz pitre studies regarding recepror distribu-

“tion. Tt wis speculated that asymumetric receptor binding in the

“ basal ganglia (left < right) might be related to pathologic

ges in schizophrenia 721,

From several MRI studies it is known that patients with schiz-
ophreniz have progressive global and regional grey and white
matter brain reductions with larger decreases relared to poorer
outcome [73.74. By contrast, volumerric MRI studies in (healthy}
cannabis users resulted in inconsistent findings with reduced
gray matter density, particularly in the right parahippocampal
gyrus [75), and without detectable abnormalities (76].

In patients with recent-onset schizophrenia (n = 47), ne
influence of cannabis use could be detected when investigating
global brain and caudate nucleus volumes 77. However, in a
recent study, it has been shown that in first-episode schizo-
phrenia patients the decrement in brain volume is significantly
more pronounced over a S-year follow-up when patients con-
tinued using cannabis (n =19) compared with non-users
{n =32). Using voxel-based morphometry to examine the
influence of cannabis use in first-episode schizophrenia
patients (15 patlents with cannabis use, 24 patients without
use) on pray marter volumes, a more prominent decrease in
gray matter density in the right PCC could be demonstrated
in patients with schizophrenia using cannabis compared with
both canpabis-naive patients and healthy controls (n = 42}
1781 In another MRI study, reduced gray marter volume of the
ACC was found in first-episode schizophrenia patients who
used cannabis (n = 20) compared with patents with schizo-
phrenia who did not use cannabis (n = 31} and healthy con-
trols (n = 56) (79]. From these data, therefore, it is suggested
that in parenss with schizophrenia cannabis use might

Expert Rev. Newrother. 8(7), (2008)




Cannabis & schizophrenia: towards a cannabinoid hypothesis of schizophrenia

amplify 2 pre-existent vulnerability to brain volume changes
801, in particular in regions rich in CB; receptors such as the
-PCC a1 :

' Cannabmmd hypothesns of sch:zophrema ewdence
- from genetic studies -

'Sch;zophrema has a multifactorial etiology. Based on the neu-

- rodevelopmental theory. of schizophrenia it has been suggested,

amongst others, that cannabis abuse may compound a pre-
existing vulnerability to dopamine dysregulation owing to

© . genetic variations or developmenmi damage [s1), Cannabis,
R tberefore, may inferact-in a gene X crvironment manner.

" The . psychotropic : offecr of cannabinoids’ such as THC is
- .""medlated by central” carmabmoui CB, receptors. Since it is
: -_known thar CB, recepters are encoded by the cannabinoid
’ ‘-receptor (CNRI) gene (MIM114610) 14, it is reasonable 1o
examine whether variants within the CIVRI gene are associated
‘with schizophrenia to further investigate the cannabinoid
‘hypothesis for the pathogenesis of schizophrenia. In this regard

it is noteworthy that the CVR] gene is located at chromosome 7
6q14—15, which is a region of replicated linkage for schizophre-: .

nia (s2;. Ujike ez 2l investigated two kinds of polymorphisms of
the CNRI gene in parients with schizophrenia (n = 121) and
age-matched controls (n = 148) in a Japanese populatlon 1831

Interestingly, allelic and genotypic distributions of: “poly-
morphism 1359G/A at codon 453 in the coding région-and
AAT wiplet repeats in the 37 flanking region of tbc: CR Jwgeneiin
this Japanese population differed from those in af Gt:rman Can-
casian population [s41. While there wasno, association berween
the polymorphism 1359G/A and schxzophrenm, the AAT
repeat polymorphism was significanitly assefiated with schizo-
phrenia. Depending on the subzype of scblzophrema, an associ-
ation was found for the hebephrenic type, Bur not for the para-
noid type [83). Based on these results it has been speculated that
the endogenous emxnabinmd By receptor system is overacti-
vated in patients ¥ ebephrenic type of schizophrenia. This
hypothesis, in tun; foht explain several clinical similarities
beeween hebephrenic sehizophrenia and chronic cannabis usess,
for example, blunted affect, diminurion of ambition and morti-
vation, and cognitive dysfunction (831. These findings are in line
with results from Martinez-Gras er 2/ who investigated alleles
for the 3-UTR CNRI microsatellite in a Spanish population
(n = 113) and 111 healthy controls, and also found an associa-
tion between schizophrenia and varfations within the AAT
repeats polymorphism, irrespectively from substance use iss1.

In another study investigating the AAT repear polymorphism
of the CB, gene in a French Caucasian sample including 102
patients with schizophrenia and 63 ethnic- and gender-
matched controls, ne significant difference was seen in the
allele or genorype distribution berween the whole sample of
patients with schizophrenia and controls (86). However, allelic
distribution was different in non substance-abusing patients
compared with substance-abusing patienes (the latter being

were much more iikely not only to exhibit psychotic symptoms

similar to the controls). These findings, however, are in contrast
to data from Tsai er 4 who failed to demonstrate any associa-
tion between AAT repeats of the CVRI gene and schizophrenia
in a Chinese population [87). It has been speculated that this
inconsistency might be due to racial d:fferences {Chinese vs
Japanese and Caucasian populations).or a different ¢omposi-
tion of the patients’ groups, for example, regarding the subrype -
of schizophrenia (moré or less patients with hebephrenic type.
of schizoph’renia) 1831 A large stuciy including 7 750 patents with
schizophrenia and 688 normal controls failed to demonstrate
evidence for an association between schizophrenia and cannab]s
use, respectively, and CNE&" otypes'iss). '
Three recent seudies, in )
is an interaction berween
within the catechol- :
COMT is an emrym

5,

ism Val'®Mer in the: COMT gene influ-
¢ of COMT. Increased COMT activity
sevth feduced dopamine levels in the prefrontal
creased dopamine levels in mesolimbic areas [s9).

butalso to develop schizophreniform disorder if they used can-
nabl§ compared with individuals with two copies of the
methionine allele (901. This effect, however, was observed only
for people using canpabis for the first time before the age of
18 years. From these data a gene x environment interaction
between COMT genotype and cannabis use on risk of schizo-
phrenia is suggesred [90). These results, at Jeast in part, were cor-
roborated by an experimental double-blind, placebo-controlled
crossover stady; investigating the effect of THC on psychosis
and cognition in patients with a psychotic disorder {n = 30},
relatives of patients with a psychotic disorder (n=12) and
healthy controls (n = 32) (893. Carriers of the COMT valinel58
allele were more sensitive not only to THC-induced psychosis,
but also to THC-induced impairments of memory and atten-
tion. However, the interaction berween THC and COMT
Var'**Mer polymorphism on psychosis was observed only in
those patients with pre-existing psychosis liability [s9).

In a large population of patients with schizophrenia (n = 493},
Zammit ez &l filed to demonsirate an association between
Val"®Mer genotype and cannabis use (81, These results, there-
fore, do not support the hypothesis that the effect of cannabis
use on schizophrenia depends on variations within COMT.

Cannabidiol as an atypical antipsychotic agent

CBD is a major nonpsychotropic constituent of cannabis. There
is evidence that CBD has anticonvulsive, anti-anxiety, anti-nau-
sea, anti-rheurnatoid arthritic and antipsychotic properties. In
1982, Zuardi er al described that treatment with CBD can
reduce anxiery provoked by THC in normal volunteers and,
therefore, suggested that CBD has the opposite psychotropic

www,expert—:evicws.com

on,, mvesngated whether there =7
use, psychosm :md Va.riatmns R
frethy f.ﬁf’érase (COMT) gene (s8-90). - .~ " -
at phay: ¥$ an important Tole in the degra- '
asly.in the prefrontal cortex, The
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effecr compared with THC (913, In animal models predictive of
antipsychotic activity, Zuardi ¢7 4/ demonstrated that not only
haloperidol bur also CBD reduced the occurrence of stereoryped
biting induced by apomorphine [92]. In contrast to haloperidol,
CBD, however, did not induce caralepsy and, therefore, it has
been suggested that CBD may have 2 pharmacological -profile
similar to that of an arypical aniipsychotic agent.such as clozap-
ine [92). Subsequently, Zuardi ef al. tested the effect of CBD in a
single case study in a 19-year-old female patient with schizo-
phrenia and observed a significant improvement during CBD

treatment {up to 1500 mg/day) 931, However, in another case .

study including three patients with schjzophrenia who were
| treatment resistant {even. to, clozapme} on.ly shght or “no
1mprovement was observed after CBEX tredtmment (o4

There is only one double-blind control]ed study available inves- -

tigating che effect of CBD in acure panems with sdmophrema
1201}, In this clinical wmial, Leweke er 4l compared the- effects of
CBD and the antipsychotic drug amisulpride in 42 patients suf-
fering from acute schizophrenia and schizophreniform psychosis,
respectively 1204, They found that CBD significantly reduced
acure psychotic symptoms after 2 and 4 weeks compared with
baseline. In addition, the antipsychotic effect of CBID did not dif-
fer from that of amisulpride. However, CBD induced significanily
less side effects compared with amisutpride. The endogenous can-

therapeutic target for the treatment of acute schizophrenia [207):
One major advantage of CBD compared with antido;

ergic drugs is that, in general, CBD is safe and well s

The only side effect is sedation in very high do: i

or ps

underlying pathophysiological mechanisms of CBD in schizo-
phrenia remain unclear. It has been suggested thar CBD acts as
an antagonist at CB, receptors, stimulares the vanilloid recepror
type 1 (VR1), mh;bsts the uptake and hydrolysis of anandam-
ide, and increases the plasma level of THC by inhibiting the
metabolism of THC 197,981. This cotaplex mode of action mighe .

explain why CBD, but not CB,; receptor antagonists such as

SR141716A (rimonabant) (99,1001, may have beneficial effectsin
patients with schizophrenia (4]. In @ recent study, hair samples
of cannabis users were analyzed o examine levels-of THC and
CBD 101 In addition, psychosis proneness was assessed. Com-

“pared to individuals with both, ’FHC and CBD in then' hair,
-persons who had only THC in
“levels of anusnal expericrices; delusto
'fe's.ﬂ.-it's, therefore, further ¢

‘hair demonstrated higher

miay have ansipsychotic prop
that use.of cannabis.¢

isth THC and CBD may be

* protective agamst 'FHC-mgﬂilced pro-psychotic symptoms 1011,

Expei'f' éérx;‘r‘h'emary
ElV‘Bn thoigh can Bis can be misused as andllegal drug, it is rea-
sostablé to classify cannabis-derived substances as a useful medi-

cine. Irds:semarkable thart other substances that can be misused as
nabinoid system, therefore, has been suggested asa possible nove b

well, for example, benzodiazepines, are fully accepred in modern

.. medicine. To date, different narural and synthetic substances that

reract with the endocannabinoid recepror system (either as ago-
sts or antagonists) are available and can be dosed exactly using
different roures of administration. Concerning the medicinal use

ere is SubstaMtai ewdence that

'_the treatme of ety crory nausea and vomitzng assocnated w;th cancer chemothéfapy and(.-

,.const:tuent of cannabjs, had. mmparab%e am}psy_
cal neumleptjc drug amusuipnde :

Lxperr Rev, Newrother. 8(7), (2008}

5. arid anhedonia. These - L
e the'hypothesis that CBD -+
‘In addirion, it is suggested | -
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of cannabinoids one should keep in mind that cannabinoids
interact. with a pre-existing physiologically endocannabineid
recepror system by stimulating or blocking central and/or periph-
.-eral cannabinoid receptors. In this regard, one might speculace
that already known diseases might be caused by changes in the
endocannabinoid recepror system. In schizophrenia there is sub-
sfantial evidence -that hyperactivity of the central cannabineid
_sys;erii is involved in the pathogenesis. Based on a ‘cannabinoeid

- hypothesis of schizophrenia, innovative therapeutic strategies
" could be developed.

A f,_ Flve year view .

‘ For redicinal purpéscs cinnabis has been used for- appmx:-'
L matcly 4000 years; Currently, cannabinoids have been suggested

" to be useful drugs for several sympromms and disorders. Perform-
ing controlled dinical crials to Further investigare the effect of
different cannabinoids is one of the challenges for the furure.
Since there is substantial evidence that Cannabis sativa is an
independent risk factor for the clinical manifestation of schizo-
phrenia in predisposed people, it is desirable 10 identify those
healthy people who are on a special risk when using cannabi§

Results from genetic studies probably will clarify whether the “iih |

CNRI gene js a genetic risk factor for hebephrenic schizophrenia,

Since it has been suggested that schizophrenia represenis a
number of discrete syndromes rather than a single disorder, it can
be speculated that a subgroup of schizophrenic syn,dromes may

be related pathophysiologically to a funciional disturbance of the
endogenous  cannabinoid - recepror system. However, further
research is needed to confinu the hypothesis of a hyperactxvxty of
the central cannabinoid system in schizophrenia. '
Neuroimaging using PET and SPECT represents a valuable
ol 10 measure specific binding 1o €B; receptors i wive in
humans, During the next 5 years; new ligands will be available
for dlinical use to investigate CB, receptor binding sites in
patients suﬁermg from different neuz‘ologzcai and psychiatric dis-
orders such as schxzophrenza to further evaluate the mgmﬁcance
of the CB | receptor system | these chsorders '
i Dunng thc next 5 year:
will be available for chns
cannabmoﬁ' receptor ;
uveiy to only one of

at_interact: Wxth the endo-
:‘ﬂy drugs that bind seiec— :
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Cannabinoids and Schizophrenia: Therapeutic Prospects
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Abstract: Apprommaieiy one third of patlenﬁ dlagndseﬂ \ﬂ'tﬂ]'sc-hlzophrenia do not achievé adequate sympiom control with standaxd an-
tipsycholic drugs (APs). Some of these may prove respcmswe to clazapme biat TOn-TESpORse to APs remains an jmportant clinical prob-
lem and cause of increased health care costs.

In a significant proportion of paliénts, schizophrenla is assocaazed wnh natural and iatrogenic metabolic abnormalities {obesity, dyslipi-

‘daemia, impaired glucose | toEerance or type 2 diabetes mel] 1tus) hyperadrmahsm a.nd an exaggeraied HPA response fo siyess, and ch;omc :
sy stemic mﬂammamm S . .

The endocannabinoid system (FCS) i the bram plays an 1mp0rtani‘ role n mamtmmng nurma] menta] health. BCS modu[ates emotmn
reward processing, sleep regulation, aversive mhemory extinction and HPA axis regulation. ECS overactivity contributes to visceral fat
accumuiation, insulin resistance and impaired energy expenditure.

The cannabis plant synthesises a large number of pharmacologicaﬂy active compounds unigue to it known as phytocannabinoids. In con-
trast to the euphoric and pro-psychoiic effects of delta-9-tetrahydrocannabinol (THC), certain non-intoxicating phytocannabinoids have
emerged in pre-clinical and chnical models as potential APs. Since the likely mechanism of action does not rely wpon doparine D, re-
ceptor antagonism, synergistic combinations with existing APs are plausible. '

The anti-inflammatory and immunomodulatory effects of the non-intoxicating phytocannabinoid cannabidiol (CBD) are well established
and are summarised below. Preliminary data reviewed in this paper suggest that CBD in combination with a CB, recepior neutral antago-
nist could not only augment the effects of standard APs bus also target the metabolic, inflammatory and stress-related components of the
schizophrenia phenotype.

Keywords: Phytocannabinoids, endocannabinoid system, schizophrenia, anti-psy chotic, metabolic effects, chronic inflammation, stress.

“Diabetes is a disease which often shows itself in families in which insanity prevails”

Sir Henry Maudsiey (1897)

INTRODUCTION

Schizophrenia typically manifests through a mixture of positive
symptoms (hallucinations, delusions, thought disorder), negative
symptoms (loss of metivation, social withdrawal, lack of affect,
anhedonia), and cognitive deficits. In a significant proportion of
patients, it is also associated with natural and iatrogenic metabolic
abnormalities (obesity, dyslipidaemia, impaired ghicose tolerance
(AGTY or type 2 diabetes mellitus {T2DM)) {1,2], hyperadrenalism
[3}and an exaggerated HPA response to stress [4], and chronic sys-
temic inflammation [5].

The introduction into clinical practice of chlorpromazine in the
mid-1950s revolutionised the treatment of the psychotic manifesta-
tions of schizophrenia and triggered the development of dozens of
alternative ‘antipsychotics” (APs). A decade or so later the synthe-
sis of clozapine and the unanticipated discovery of its antipsy chotic
effects 1ed in ume to a new “second generation” cohort of drugs that
lacked the characteristic unwanted extrapyramidal cffects of the
‘typical’ APs. The pharmacologicat profiles of the many ‘atypical’
drugs corrently available vary widely, but it remains the case that
all of them rely primarily for their efficacy upon their effects at the

* Address correspondence io this aufhor at the Cannabinoid Research Insti-
tate, GW Pharmaceuticals ple, Porton Down Science Park, Salisbury SP4
0JQ; Tel:/Fax: +44 (031865 730969, E-mail: pjr@gwpharm.com

1381-6128/14 $58.00+.00

dopamine D2 receptor [6]. Approximately one third of first episode

_ psychosis patients fail to respond adequately to a standard typical or

atypical antipsychotic, and non-responders have been found to incur

~health costs that are twice those of responders [7]. Recent analyses

suggest lttle if any difference in overall efficacy between the typi-
cals and atypicals [8]. Clozapine stands alone in its ability to pro-
duce a therapeutic response in patients resistant 1o all other antipsy-
chotics [9] although the pharmacological mechanisms by which it
achieves this response remains unknown [6]. Unfortunaiely iis
clinical utility 1s limited by its propensity to cause agranulocytosis
and the consequent need for hasmatological monitoring, along with
epileptic seizures and other serions unwanted effects [10].

THE ENDOCANNABINOID SYSTEM AND PSYCHOSIS

The endocannabinoid system (ECS), first discovered in the
early 1990s, consists of cannabinoid receptors, endogenous ligands
(“endocannabineids), and proteins for endocanmabinoid synthesis
and degradation [11, 12]} Two G protein-coupled cannabinoid re-
ceptors have so far been identified, labeled CB; and CB,. The can-
nabis component delta-9-tetrahydrocannabinol (THC) is a partial
agonist at both, and #ts psychoactive effects are manifested through
activation of CB; recepiors {CB;R), which are very abundant in the
central nervous system {CNS) [11] Furthermore, some endocan-
nabinoids, as well as some plani cannabinoids (‘phytocannabi-
noids™), can also interact with non-CB;R/CB,R targets, the most

© 2014 Bentham Science Publishers
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extensively studied of which are members of the transient receptor
potential channel superfamily {13],

B4R are located predominantly ai the presynapiic terminals of
central and peripheral neuroms; their main role being to mediate
inhibition of neurotransmitter release, However, they are also ex-
pressed in several peripheral structures not exclusively within nerv-
ous tissue incloding those controlling metabolism, hormone release
(e.g. cortisol and adrenaline levels), and the immune response.
CB,R are expressed rainly. by immune cells, through which they
. modulate the release of both pro- and anti-inflammatory cytokines,

and accumulating evidence suggests they aiso may be found in
“nenroncs. This wide distribution of the receptors. accounts for the
breadth ‘of -influence of the ECS on immune response, learming,
food intake, -energy homeosiasis, pain transduction, emotion, per-
ception, behavioural reinforcement, motor co-ordination, regulation
. of body temperatore and wake/sleep cycle, hormonal function, bone
: 'fonnatlon and resorpnon, and apoptosis.

: The Wost: relevant: endecannabmo;ds to this discussion are N-
- farachldonoyle:hanolamme {(anandamide) and 2-arachidonoyl ghye-

E - erdl (2-AGY. These dre synfnesszed on demand in response 1o eleva-
- tionsof mtmceiluiar calcium and act in the brain as ‘retrograde syn-

‘aptic messengers’ via presynaptic CB:R to modulate neurotransmit-
ter release [14] They are then rapidly deactivated by active cellular
uptake via specific transport mechanisms and the action of intracel-
Tular catalytic enzymes, notably fatty acid amide hydrolase (FAATT)
and monoacyliglycerol Hpase (MGL). For a fuller imtroduction and
review see Pertwee [12]. Anandamide, but not 2-AG, also activates
the transient receptor potential vanilloid type-1 (TRPV1) channels.
These are abundant in sensory neurons and spinal cord but are also
found in the CNS, and have been shown to be involved in the regu-
lation of glutamate signaling as well as adipogenesis and inflamma-
tion [15].

The activity of the ECS within the CNS is esseatial for normal
mental hedlth. CB;R are densely expressed in the cortex, hippo-
campus, amygdala, basal ganglia, and cerebellum {16]. Of rele-
vance to schizophrenia, CB;R modulate release of both dopamine
and glutamate (as well as GABA, serotonin, glycine, acefylcholine,
and noradrenaline) and in patients their expression is increased in
prefrontal cortex [17] and anterior cingulate cortex [18]. CBR
knockout mice show increased emotionai reactivity, hypersensitiv-
ity to stress, reduced responsiveness 1o rewarding stimull, Increased
aggression to miruders, enbanced development of leamed helpless-

ness, impaired extinetion of aversive memories, and social with-
drawal [191].

Raised levels of anandamide have been found in the cerebro-
spinal flnid (CSF)} of vatreated schizophrenia patients in compari-
son with controls and patients with dementia or depression [20].
Raised blood levels of anandamide have also been found in us-
treated schizophrenia patients, and these were reduced after chinical
remission following clanzapine treatment [21]. Is this heightened
ECS activity pathophysiclogical or an adaptive mechanism? Al-
though 2 strong case can be made for the former hypothesis [22],
the CB;R antagonist rimonabant had no effect on positive or nega-
tive symptoimns of schizophrenia in a placebo-controlled clinical trial
{231 The finding that CSF concentrations of anandamide were
negatively correlated with psychotic symptoms {20] suggests that
the ECS protects agamst the underlying pathophysiology, whereas
the observation that remission of psychesis following atypical an-
tipsychotic treatment was associated with normalization of in-
creased plasma anandamide levels [21] suggests that the ECS pro-
vides an adaptive response to these symptoms. The former explana-
tion is supported by the recent finding that the levels of anandamide
in the CSF and serum of patients are increased in the iitial pro-
dromal state of schizophrenia in comparison with healthy subjects,
and that patienis with lower levels showed a higher risk for earlier
progression to psychosis [24].

Robson et al.

The roie of the ECS in schizophrenia may be more subtle than
this, however. In rats treated chronically with phencyclidine (PCP),
a laboratory model of schizophrenia, THC worsened cognitive defis
cits whersas the CB;R antagonist, AM251, improved both cogni-
tion and negative symptoms [23, 26]. In this model, levels of 2-AG
and anandamide in the prefrontal costex are evidently regulated in
different ways, the former being elevated by PCP and thé latter
being reduced by THC and enhanced by’ AM?251. This suggests that

“the two endocannabinoids may exert contrastmg roles, with 2-AG

possibly contnbutmg to symplons via CBiR and anandamide coun-
teracting them via non- CB;R mechanisms [25, 26}

ANT EPSYCEOTIC EFFFCTS OF PHYTOCANNABINOIDS

a) Cannabidiél, The most extenswely mveqilgated ‘phytocan-
nabinoid for. potential psychiatric (and other therapeuiic) applica-
tions is cannabidiel (CBD), and this lias been reviewed indetail
elsewhere [e.8.27, 28). ‘Pioneeririg £arly. studies showed that CBD is

“able_to attenuate the cuphoric effects of THC.129], ‘and ‘that ‘canna- .-
“bis-related- psychoms was {ess prevalent when-local street” carma’ms

contained significant amounts‘of CBD- [3{)] Biack market carmabxs
Tesin - charactenstlcally Containing foughly -equal propomons of
THC and .CBD used to dominate the illicit market in-the UK dpd
many other countries, but in-recent years herbal material (espec:al]y
‘sinsemiliz’ derived from unpoliinated fermale plants) rich in THC
but containing little or no CBD has come to predominate [31}. Cur-
ran and colleagues have carried out a series of innevative studies
exploring the influence of CBD on the psychoactive effects of can-
nabis in regular recreational conswmers, CBD intake relative to that
of THC was calculated either by hair anatysis of THC and CBD
content or by obtainmg samples of the cannabis customarily con-
surned by each individual and subjecting this 1o laboratory analysis.
Thetr stedies indicate that recreational users whose habitual canna-
bis supply incorporates a significant CBD component differ from
those smoking cannabis with negligible CBD content in the follow-
ing ways: lower levels of unusual experiences (an analogue of hal-
Tecinations and delusions) and anhedonia [32]; reduced attentional
bias to drug and food stimuli and lower self-rated liking of cannabis
stimuli, suggesting a role for CBD in the weatment of cannabis
dependence [33); and protection against the memory impainment
characteristically associated with THC consumption [34]. Protec-
tion against positive symptoms by the presence of CBD in sireet
cannabis has been replicated in a large scale internet-based survey
conducted in the Netherlands [35]. In healthy human subjects, CBD
has been shown to reverse or attenvate many characteristic effects
of THC such as time distortion, tachy cardia, euphoria, anxicty and
psychotic symptoms {28, 36] and reduced THC-induced impair-
ment of binocular depth perception, an endephenotype of schizo-
phrenia [371 In a very recently published stady (38), 48 healthy
subjects were randomly allocated to receive either CBD (600mg) or
placebo orally 3.5h ahead of an intravenous dose of THC (1.5mg).
CBD significantly reduced post-THC paranoia and the likelihood of
positive psychotic symptoms, and significantly improved memory.

Further light has been thrown on the oppositional effects of
CBD and THC in the CNS relevant to psychosis by recent studies
using fanctional magnetic resonance imaging (fMRTI) to explore the
association of behaviourat responses with the activity of specific
brain cenires. Bhattacharyyaj et al [39] showed that THC (10mg
orally) induced psychotic symptoms in healthy subjects which were
associated with attenuated activity in the ventral striatum. In con-
trast, CBD was devoid of psychotropic effects, and augmented ac-
tivity in the same region. A range of behavioural tasks induced
opposite effects of THC and CBD in hippocampus, amygdala, tem-
poral cortex and occipital coriex, The same authors have demon-
strated with TMRI oppositional effects of THC and CED on pre-
frontal, siriatal and hippocampal function during attentional sali-
ence processing [40].



Cannabinoids and Schizophrenia

CBD is active in both dopamine and glutamate laboratory mod-
els of psychosis [4]1, 42}, and significantly ‘inhibited ketamine-
induced depersonalisationt in healthy subjects [43]. Human case
reports have been mixed. Significant improvement in psychotic
symptoms following a large dose of CBD (up to 1.5g/24h) over
four weeks of treatment was reported in a patient who had ¢xperi-
enced serious adverse events with conventional antipsychotics [44].
In contrasi, three patienis with ireatment resistant schizophrenia
failed to respond convinoingly to. similar doses of CBD [45}. The
most compelling human evidence to date for antipsychotic potential
comes from a double-blind, fout week paraltel group comparjson of
CBD (300mg/24h) with amisulpride (800mg/24h) in 42 panents

with acute schizophrenia [46}. Both treatments produced an Impres-

sive and equivalent improvement.-in psychotic symptoms from
baseline but there were significant advantages for CBD in terms of
adverse event profile. Interestingly, in contrast to the previous data
with olanzapine {21, the therapeutic effect of CBD was associated
with elevation, rather than reduction, of plasma anandarmde levels;

a finding that led the athors to suggest that the phytocannabinoid
was acting via its prekusly_ eported mhxbnory effect on anap-
damide inactivation {471 -

The fact that CBD was eﬂ"ecnve mreversmg socxa] wﬁhdrawa! -

in rats prodaced by the NMDA receptor-antagonist MK-801 whilse
clozapine was ineffective {48] saggests that it may be active against
negative symptoms. This effect of CBD was attenuated by the
TRPV1 antagonist capsazepine, consistent with the previous find-
ing of CBD stimulatory activity in this channel [47]. In the hair
analysis study in cannabis smokers referred to above [32], subjects
who had consumed CBD had sipnificantly lower scores for “intro-
vertive anhedonia’ (an analogue for negative symptoms of schizo-
phrenia) than both the “THC only” group and control subjects who
did not smoke cannabis.

The mechanism of action for the antipsychotic activity of CBD
is unknown, although various theories have been proposed includ-
ing augmentation of BCS through inhibition of the catalytic enzyme
fatty acid amide hydrolase or the anandamide transporter [46]; via
the transient receptor potential vanilloid type 1 {TRPV1) receptor
[42]; through anpmentation of adenosine signalling, since adeno-
sine Aza agonisis have antipsychotic effects {49] and CBD inhibits
adenosine upiake [507; ot activation of 5-HT, 4 receptors [51]. The
mnportant point to note is that, whichever theory is cormrect, CBD
does not rely on targeting the dopamine D2 receptor for this effect,
so that synergy with standard APs is a plansible possibility.

b) CB1 receptor antagomists. Based on the observed psychoto-
mimetic effecis of cannabis which appear fo be mediated by the
effects of THC at the CB1 receptor (CB;R), reports of increased
density of CBR binding in key brain areas and raised CSF levels of
endocannabinotds int schizophrenia patients, and evidence of a fane-
tioral interaction between endocannabinoid and dopaminergic sys-
tems, a ‘cannabinoid hypothesis’ of schizophrenia has been put
forward [52, 53]. Since this theory proposes that abnommalities in
endocannabinoid signalling may be involved in the pathogenesis of
schizophrenia, there has been interest in exploring the potential
antipsychotic properties of CB1R antagosnists. Rimonabant, a potent
inverse agonist at CB1IR, has been extensively investigated in a
wide range of laboratory models of psychosis and has generally
shown encouraging results [54]. However, in the only clinical study
reported to date the results were disappointing. In a placebo-
conirolled, parallel group trial of six weeks featment in schizo-
phrenia patients, rimonabant 20mg daily did not differ from placebo
on any outcome measure [231.

Ancther CBIR antagonist that has produced an encouraging
profile in laboratory models of schizophrenia is AVE1625 [55]. The
prefile obtained by this programme of work suggests that whereas
CBIR antagonism may not contribute significantly to the reversal
of positive symptoms of schizophrenia such as hallucinations and
delusions, it may well have beneficial effects on the cognitive defi-
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cits which are central to the disorder (indicated by beneficial effects
on lests of episodic memory) and also ameliorate some of the un-
wanted effects of standard APs such as extrapyramidal motor disor-
ders and weight gain [55}. The potential metabolic benefiis of
CBIR antagonism will be discussed in more detail below. Since
CB1R agonists such as THC are known to produce not only posi-
tive symptoms but also inhibition of enthusiasm and interests and
flatiened emotion [56] there is the possibility that CBIR amtago-. -
nism may also alleviate the negative symptoms of schizophrenia,
Unfortumately, prolonged treatment of obese patients with ri-
inonabant was associated with an unacceptable prevalence of moad

disorders and suicidal ideation which led to its withdrawal from US

and Enropean miarkets. This ¢ffect is pharmacologically riot ubex-

pected smce it has been shown that ECS deficits can result in de- - -

pression and anxiety, and avgmentation of CB1 mgnalhng has anti-
depressant and anxiolytic potental {57} However, the nse of a
neutral CB1R amtagonist (as opposed to a CB1R inverse agomst

such as rimonabant) may avoid this depressogenic effect. 1581 Tet<r
rahydrocannabwarm (THCV} is a natural compmmd present’ insc
_ cannabis- that acts ‘as a neutral competitive CB 1R antagonist that = -
Goes not reduce the constimtive effects mediated by CBIR'[59% "+
Preliminary lsboratory stodies suggest that THCV has synergisuc oo
effects with a standard AP in laboratory models of psychosis and |

also inhibited AP-induced catalepsy and ptosis [data on file at GW.
Pharmal.

METABOLIC ABNORMALITIES IN SCHIZOPHRENIA

Patients with schizophrenia have a pronounced excess mortality
in comparison with matched controls, resulting in a 20% reduction
in life expectancy [60, 61]. Two thirds of this excess are accounted
for by physical illness, the remainder by accidents and suicide. CVS
diseases account for a third of the physical causes of death m an

equal proporiion of men and women.

The association between schizophrema and impaired glucose
tolerance was first described early i the 20™ Century, and many
further reports followed [1]. In the 1930s, insulin coma treatment
was introduced as a sympiomatic treatment for psychosis and it was
noticed that around 40% of patients were much less sensitive than
average to the hypoglycaemic effects of insulin. When chlorpro-
mazine was introduced in 1952, it was apparent that it had a pro-
pensity to convert impaired glucose tolerance (IGT) into full Type 2
diabetes mellitus (T2ZDM).

Modem stadies have confirmed that the risk of IGT and meta-
bolic dysfunction is significantly increased in schizophrenia. In a
large sample (n = 689) drawn from the CATIE anti-psychotic trials
in the US it was reported that 43% (males 37%, females 54%) had a
fasting blood glucose greater than 5.5 mmol/litre (100 mg/dl) [2].
Even controlling for BM], this represents an increase in risk over
matched controls of 85% for males and 137% for females. It is a
consistent finding in published reports that prevalence of metabolic
syndrome (comprising obesity, atherogenic dyslipidaemia, hyper-
tension, and hyperglycaemia) in schizophrenic patients lies in a
range of between 37 - 43%, which is 2 - 4 times the levels encoun-
tered in matched controls. The prevalence of T2DM is between 14 -
18% in schizophrenia compared to ar average of 7% in controls,
with IGT occurring in up 1o 30% [2, 62]. Most cases with IGT go
unrecognised, Intrigningly, an mverse correlation between psycho-
sis symptomatology and insulin resistance/pancreatic f-cell func-
tion has been reporied, and both improved following treatment with
antipsychotics [63]. CT scanning revealed that schizophrenia pa-
tients have up to three times higher proportion of visceral fat than
matched controls, alongside similar levels of total body and subcu-
tancous fat [64]. Collagen-induced platelet aggregation is increased
[65], and was negatively correiated with psychosis ratings.

The excess risk of IGT is the result of both genetic and tifestyle

factors. Family histery of T2DM occurs in between 18-50% pa-
tients compared to around 5% in matched controls [60, 66, 67, 68,
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691, and patients are more likely to have obese parents [70]. There
is overlap in chromosomal regions for susceptbility genes for
schizophrenia and T2DM, and it has been proposed that a “common
soil” effect occurs in the intra-uterine environment [717. Poor foetal
growth is linked with impaired ghtcose metabolism in later life, and
low birth weight is also associated with neurological and psychiat-
ric problems in adulthood, including schizophrenia. Abnormalities

in genes related to energy metabolism and oxidative siress differen-

© tated almost 96% of schizophrenia brains from controls [72].

; Lifestyle risk factors include poverty, high rates of smoking,
poor diet (high fat and sugar, low fibre), and lack of exercise. Risk
factors amongst prior generations are now recognized to influence
the phenotype also though epi genenc adaptation [73].

Oxidative siréss may be 1mportant in the pathogenesis of
schizophrenia [74]. Impairment of the cyloprotective enzymes su-
peroxide dismutase and plutathione peroxidase as a result of en-

hanced oxidative stress feads to raised levels of malondialdehyde,

_;the end- product of lipid, peroxidation. This canses increased levels "
" of reaciive oxygen species which may produce membrane defects -

. and increased Ievels of catécholamines, including dc-pamme [74}

.- Metabolic syndreme is provoked by a Western diet and life-

style and the long-term ocutcome of schizophrenia is better in de-
veloping countries such as India and Nigeria (75). The disease
“seems to be associated with abnormalities in phospholipid metabo-
lism, and dietary intake of omega-3 fatty acids has been found to be
inversely proporiienal to symptom severity in schizophrenia [76].
Low cell membrane levels of the omega-3 polyunsaturated fafty
acid (PUF A) docosahexaenoic acid (DHA) have been found in both
metabolic syndrome and schizophrenia [69]. PUFA supplementa-
tion has produced some encouraging carly clinical trial results in
psychosis [77], and is also known to counteract some of the pa-
rameters of the metabolic syndrome in animal models and humans
[78}

Peet [66] has proposed also that brain-derived neuretrophic
factor (BDNF) might provide a link between diet, T2DM, and
schizophrenia. BDNF is a protein with an imperiant role in neu-
ronal survival, neurite outgrowth and synapse formation, and main-
tenance of neuronal dendrites. BDNF has an important role during
brain maturation i young adults [79]. It also plays a critical role in
activity-dependent neuroplasticity underlying learning and memory
in the hippocampus. BDNF expression is reduced in prefrontal
cortex (PFC) in schizophrenia {80}, and polymorphism of the
BDNEF gene is associated with heightened schizophrenia suscepti-
biity [81]. BDNF expression is reduced by high fat, high sugar diet
{82}. BDNF knockout mice have reduced neuronal, somal and den-
drite density in PFC [83), a profile which has been described in
schizophrenia brains.

An important aggravating factor for metabolic and psychologi-
cal symptomns in schizophrenia is an abnormally enhanced reaction
to stress [4, 841 This derives from both internal sources (¢.g. hailu-
cinations and persecutory beliefs) and environmental stressors such
as poverty and difficult relationships. Adrenal wpregulation results
in mobilisation of glicose and increased hepatic glucose produc-
tion. Adreaaline also inhibits pancreatic islet f-cells from releasing
insulin and reduces the sensitivity of insulin receptors, thercby di-
minishing glacose uptake and vtilisation. Sustained hyperadrenat-
ism leads to sustained hyperglycacinia and decreased hepatic gly-
cogen content. In schizophrenia there is raised plasma noradrena-
line and a heightened response on arousal measures such as elec-
wromyographic activity, skin conductance, and resting heart rate [3).

Of even more interest in the context of stress is the role played
by the hypothalamic-pitaitary-adrenal axis (HPA axis). HPA axis
provides the physiological response to sustained siress, and schizo-
phrenia patients show many signs of HPA axis overactivity includ-
ing raised basal costisol levels, lack of normal cortisol inhibition
during slesp, blunted response io experimental stressors, and an

Ruobsen et al.

inverse relationship between cortisol levels and cognitive function
[4, 60]. Intolerance to stress may be a schizophrenia risk factor, and
this intolerance could be related to an exaggerated HPA response.
Cortisol dysregulation characterises at least a sub-set of schizo-
phrenia paticnts: dexamethasone non-suppression is seen in around
50% of patients regardless of whether they arc experiencing primar-
ity positive or negative symptoms, a similar proportion to that seen
in' patients with severe depression [4, 84]. Costicotrophin releasing
‘hormone (CRH) levels have beén found 10 be increased in the CSF
of schizophrenia patients [85], and cortisol salivary levels corre-
lated with -symptom severity - [86]. Treamment with aniipsychotics
tends {o result in a reduction of plasma cortisol levels, In animal
models, chronic stress has been found to inhibit synaptic plasticity
and neurogenes;s and affect dendrmc morphology J873

After an extensave Toview "of the data, Corcoran and colleagues

-[4} concluded: “There is streng empirical evidence to support the
“notion that the bsological Tesponse to siress, ‘especially activation of
- thé HPA axis, s’ capab]e of mggermg & downstream cas.cade of
. _neurochemlcal events thaf cin prec;pltate or exacerbate psy chosis.”

_ Hypothalamic glucocorucmd receptors provide a negative feedback

mechanism modwatmg HPA response. ‘Receptors are also promi-

nent i medial " PFC - ‘and’ many “midbrain dopamine nenrones.
Chroni¢ stress anid high levels of circulating cortisol produce
- changes in neural organisation. In particular, negative effects on

hippocampus include reduced volume, and lower levels of BDNF.
Cognitive Tonction in schizophrenia is inversely related to circulai-
ing cortiso] levels,

HPA axis overactivity is associated with abdominal obesity and
its metaboklc consequences [88] and it is bikely that this mechanism
contributes significantly to the dysregulation of glucose homeosia-
sis in schizophrenia. Levels of the satiety hormone leptin are raised
in parallel with HPA wupregulation [89]. but cortisel diminishes
leptin signaling [90]. Cortisol antagonises insulin-mediated inhibi-
tion of hepatic glucose release, glucose utilisation in muscle, and
binding affinity of insulin receptors [31). Approximately half of all
patients treated long-term with glucocorticoids develop deranged
glucose metabolism, which persists after withdrawal in around 50%
- this is analogous to what is seen in schizophrenia [84].

The effects of antipsychotic medication ¢n glycaemic control:
After the introduction of the phenothiazines into clinical practice,
the prevalence of T2DM in schizophrenic paiients increased
sharply: for example, up fom 4.2% in 1956 to 17.2% in 1568 in
one study of fermale mpatients [92]. Atypicals pose an even higher
risk [93]. The highest risk of weight gain and metabolic disturbance
is posed by clozapine and olanzapine, followed by quetiapine,
zotepine, risperidone, and sertindole, Amisulpride, ziprasidone and
aripiprazole carry the lowest risk, commparable to that of the typicals
hatoperidol, fluphenazine and pimozide [94, 95, 96].

In a recent review [97], average weight gains over an initial 10
week period of treatment were reported as follows: clozapine 4.45
kg, olanzapine 4.15 kg; sertindole 2.92 kg; risperidone 2.10 kg;
ziprasidone 0.04 kg, Quetiapine was roughly equivalent to risperi-
done. The propensity of drugs to produce weight gain is generally
proportional to the increased risk of T2DM. Although clozapine
and olanzapine carry the highest risk, it seems that all atypicals are
associated with some degree of metabolic impact: new onset of
T2DM was reported in 6.9% patienis receiving any atypical over a
one-year period [98). This comsistent asseciation has resulted in
impaired glucose metabolism being regarded as a class effect for
atypical antipsychotics by the FDA.

A group of 46 previously untreated schizophremics was fol-
lowed vp for ten weeks after the instigation of risperidone, chlor-
promazine or guetiapine [99]. Marked increases in subcuianeous
and intra-abdominal fat, a tripling of circulating plasma leptin, and
increases in plasma lipids and non-fasting glucose in comparison
with age and gender matched healthy controls were recorded. The
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anthors concluded that antipsychotic treatment had interfered with
the normal inhibitory control of body mass exerted by leptin. There
was no correlation between anti-psychotic response and body
weight gain.

The mechanism by which anti-psychotics cause weight gain and
metabolic problems is still unknown, although their effects upon
orexigenic and anorexigenic peptides, histemine HI, 5-HT, , 5-
HTse, muscarinic M3 .and adrenergic receptors has been attraciing
particular interest [100, 101]. There is an intriguing link with ECS:
in a rat model, both acute and chronit dosing with olanzapine (and
1o a much lesser extent aripiprazole) was associated with signifi-
cantly decreased CBiR bmdmg in the dorsal vagal complex (DVC)
[102]. Moreover, weight gain was negatively correlated to DVC
CBIR binding and -the ‘authors interpreted this. as ‘evidence that
brainstem cannabinoid recepiors may be mvoived in AP rclated
wmght gain.

..':CHRONIC }NFLAMMATION AN SCH}ZOPHRF N

Sc}nzophremd is typlcaliy associated with 2 Tange of physscai

: chsturbances “nchuding: abpormalities of motor function; physical

anomalies including abnormal dermatoglyphlcs high-steepled pal-

ate, malformed ears, epicanthus, single palmar crease, finger and

to¢ abnormalities; increased suscepub:hty to infection, especially

pulmonary tuberculosis; increased rates of cardiovascular and

" metabolic diseases, and rare genetic or idiopathic disorders such as
acuie intermiitent porphyria and cocliac disease.

The search for a systemic explanation for the behavioural and
physical characteristics has led to the hypothests that schizophrenia
might be a geneiically mediated, CNS microvascular inflammatory
disease {5, 103]. According to this theory, infection or other envi-
ronmental stressors cause an increase in matemal pro-inflammatory
cytokines which cross the placenta and foetal blood brain barrier.
Foetal pro-inflammatory cytokines could aiso be generated by intra-
tterine trama oF anoxia, In a genetically primed foetus these cyto-
kines may have several consequences: inhibition of peurotrophins
such as NGF and BDNF, leading to impaired neuronal generation
and connectivity and increased apoptosis; increased expression of
vascular endothelial growth factor Jeading to enhanced angiogene-
sis and potential vascularisation defects; and enhanced nitric oxide
produciion and increased oxidative stress. Mitochondrial dysfunc-
tion, either primary or sccondary, has been criminated in the
schizophrenia disease process [72]. All of this would create the
potentiat for developmental and degenerative brain changes.

Tn adolescence or adult life, disruption to the energy and oxy-
gen supplies required for nommal brain function could be produced
perodically by mflammation in reaction to environmental stressors
such as infection, hypoxia or trauma interacting with the vulnerable
genotype. An important function of astrocytes is to sense neuronal
activity and adjust blood flow appropriately by means of glutamate,
serotonin, acetylcholine and dopamine signalling. Angiopenesis
occurs in response to prolonged activation, and vice versa. Inflamed
vessels wourld lose their coupling with astrocytes, producing dis-
mupted tegulation of cerebral blood flow (CBF), damage to the
blood brain basrier (BBB), and abnormal signal processing. Raised
serum levels of the brain-specific protein S160b are reported in
both first episode psychosis and chronic schizophrenia suggesting
the presence of abnormal BBB permeability [104].

In support of the theory [53, pioncering work from an earlier era
demonstrated that genetic factors could affect susceptibility to tu-
berculosis {105). Subsequently it has become clear that susceptibil~
ity and resistance to several infections are subject to genetic modu-
lation through vanations in cytokine and human leukocyte antigen
(HLA) response. Other microvascular CNS diseases are associated
with psychosis phenotypes, including SLE, syphilis, theumatic
fever, and Alzheimer’s disease [3]. Psychotic symptoms associated
with amphetamine and cocaine may result in part from induction of
inflammatory genes in small vessel endothelinm. CBF has been
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reported as abnormal in schizophrenia, with reductions in frontal
regions often associaied with predominant negative sympioms.
Regions particularly affected include fromtal cortex, cingulate cor-
tex, thalamus, basal ganglia, parictal cortex and cerebellum. Subtle
structural disruptions would be hard to identify, since the microvas-
culature comprises only (1.1% of the brain by volume {3].

There are numerous indications of abnormal imflammatory ac-
tivity. in patients with schizophrepial In companson with pormal
conirols and non—schlzophremc siblings, monocyt031s was reporied
as a correlate of the expression of the clinical phenotype [106].
Raised serum concentrations of inflammatory cyiokines have been
recorded i several studies, including IL~2,,IL—'_6, 11.-8, IL-10 and
IFN-y [103]. Some of these normalise in response to antipsychotic
ireatment, for example IFN-y was lowered following risperidone
[107] and IL-2 following haloperidol [108]. 1.-6 levels were found

to rise doring sympiomatic relapse in schizophrenia, and fail aga.m,- A

durmg remission [109]. In rodents this cytokme has been_shown to

increase serotonin and dopaming activity in both h}ppocampus and Len
prefronsal cortex [110]. It has bees: proposed that an imbalance in'- -
the ‘adaptive immiune system- thh a shift in-the balance between the " o

celfular and humoral comporients ‘may correlate with -the main . -

symptoms of the disorder, and APs-can- correct this imbalante 7
[111]. A meta-analysis of five randomised, placebo-controlled trials

indicates that co-administration of eithet 'celecoxib.or aspirin’'sig- ..~

nificantly augmented the efficacy of APs against both positive and
negative symptoms [112]. Thus it seems thai inflammation is not
merely an epiphenomenon but a plausible target within schizophre-
nia treatment. This may extend also to the cognitive impairment
component, since chronic low-grade inflammation was found to be
associated with impaired executive function in a non-psychiatric
sample {113].

Since it is evident that obesity and metabolic syndrome are also
closely associated with subclinical chronic inflammation [114], new
medicines targeting this condition could have a beneficial impact
upon both the psychopathological and metabolic manifestations of
schizophrenia {115].

ROLE OF THE ECS IN METABOLIC SYNDROME AND
INFLAMMATION

It is now well established that ECS malfunction contributes to
the accumulation of visceral adipose tissue, thercby leading to ab-
dominal obesity and the subsequent pro-atherogenic inflammatory
profile {116]. On the other hand, ECS in the hypothalamus i3 also
activated during stress and by cortisol and counteracts HPA axis
overactivity and its conseguences on mood [117, 118], as well as
facilitating stress-coping mechanisms [1191. In obese individuals,
fasting plasma 2-AG levels correlate with the guantity of intra-
abdominal adipose tissue as measured by computer tomography-
scan, with triglyceride and low HDL-cholesterol levels in plasma,
and with several measures of insulin resistance [120, 121]. Addi-
tionally, higher concentrations of 2-AG are found in the visceral,
but not subcutaneous, adipose tissue of obese patients compared to
age- and gender-maiched non-obese controls [122]. A lifestyle in-
tervention that lowered waist circumference by 8 cm in abdomi-
nally obese volunteers also reduced fasting plasma 2-AG concentra-
tions, and the decreases in the levels of this endocannabinoid di-
rectly correlated with decreases in triglycenides and increases of
HDI.-cholesterol in plasma {123]. Furthermore, elevated post-
prandial plasma endocannabinoid levels are directly associated with
BME IGT and liver fat [124].

In obese rodents, higher concentrations of either 2-AG or anan-
damide or both are found in the visceral (i.e. epididymal) adipose
tissue as well as in the skeletal muscle, pancreas and liver, whereas
endocannabinoid levels are reduced in the subcutaneous adipose
tissue {125, 126]. Stimulation or antagonism of CByR respectively
increases or decreases lipogenesis in adipose tissue and liver, and
insulin resistance in skeletal muscle [122, 127} This strongly sug-
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- gests that ECS overactivity contributes o visceral fat accummlation,
liver fat, insulin resistance and impaired energy expenditure. Con-
sistent with this conclusion, prolonged blockade of CBR reduces
body weight, visceral fat and related metabolic dysfunction in sev=
eral rodent models of congenital (i.e. through leptin deficiency) or
high fat diet-induced obesity as well as in humen obesity [128]. In
obese patients at high risk of developing coronary heart disorders,
projonged CB;R antagomism reduced atherogenic inflamimation
and/or atherosclerotic plaque formation {129]. This pharmacologi-
«cal profile accords with the finding of elevated, pro-inflammatory

- endocannabinoid tore in a!herosclerotlc tigsues from obese humans

- [130L

-nificantly 1o metabolic problems in schizophrenia. ECS has a piv-

otal role in restoring hormonal homeostasis following exposure to
stress [131]. Circulating glucocorticoids operate a negative feed- -
back mechanism to the HPA-axis mediated by CBIR in sevetal '
. brain siructures -including hypothalamus and hippotampus,. En-
. hancement of CBIR signalling inhibits stress-induced HPA-axis .
netivity and CB1R antagonism hes been shown to enhance the
siress response [132). CBIR knockout mice- show mcreased HPA: .
axis activity and enhanced anxiety responses on exposure 1o siregs

sors [133].

METABOLIC AND ANTI—]’NFLAMMATORY EFFECTS OF
PHYTOCANNARINOIDS

It is interesting to note that the prevalence of type 2 diabetes
mellitus (T2DM) is significantty lower in recreational cannabis
smokers, and that this may be related to lower levels of inflamma-
tory markers in comparison o matched, non-cannabis smoking
conirols {1341

The overall activity of the endocannabinoid system relevant fo
the schizophrenia phenotype is summarised in Figure 1. Ideally, a
pharmacological intervention should aim to re-equilibrate the ECS
such that iis contribution to abdominal obesity and atherogenic
inflammation is toned down without impairing its homeostatic
counteraction of the stress response and psychotic sympioms. This
is similar to what some nutritional or lifestyle inferventions which
could be beneficial to patients with schizophrenia, such as dietary

As reviewed briefly above, HPA overact:wty contributes” szg- .

Robson ef al.

omega-3 PUFA supplementation or physical exercise, seem to do.
The former was shown 1o reduce the peripheral overactivity of ECS
and, concomitantly, metabolic disturbances in models of obesity,
without significantly affecting endocannabinoid tone in the brain
1135). Physical exercise, on the other hand, was found in normal
weight subjects to inerease plasma anandamide, thus possﬂ:ly con-
mbutmg 1o raised BDNF levels {136].

R_ecognmon of the contribution of ECS overactivity to meta-

_ bolic’syndrome led.to the marketing, in over 66 couniries though

not'the USA, of the CB,R antagonist/inverse agonist, rimonabant,
for weight reduction’ from June 2007 uniil Qctober 2008, The trials
_consistently ‘defmonstrated “significant weight loss, decrease in

- HbA,c, improved hp1daem1c pmf ile, reduced prevalence of meta-

bolic syndrome, and incréase in adiponectin levels [137] Unfortu-

. nately, prolonged treatment of obese patients with rimonabant was

also associated with increased risk of anxiety, depression and suici-
: dal ideation [138,°139], which led to the withdrawal of regulatory
':.apprgva] of ritonabant-and interfoption of the dinjeal development -
-of sevéral other CB‘iR antagonists. One possible mechanism for

. these effects may relate to the modulatory role of the hypothalamic

-BLS during stress in an adaptive down:regniation of HPA overac-

7 tivity [140]. In these circumstances, CByR blockade would exacer-

‘bate the Increased cortisol levels observed in obese or chronically

" stressed individeals {141). It is plausible that THCV, as a competi-

tive neutral CB1R antagonist rather than an antagonist/inverse ago-
nist, would produce the desired metabolic effects without disrupting
the constitative effects of ECS [59]. THCV at low doses induced
hypophagia and weight loss In free-feeding mice without post- .
treatment rebound [142]. In other preliminary pharmacology stud-
ies, THCV has been shown in rodents to reduce body fat and in-
crease energy expenditure, thermic response to food and insulin
sensitivity {143; data on file at GW Pharma]. However, these ob-
servations should be treated with caution uwati} independently rephi-
cated.

In contrast to amisulpride, CBD did not cause weight gain fol-
lowing 4 weeks treatment in schizophrenia patients [46]. In geneti-
cally obese mice, CBD significantly increased the HDL-cholesterol
conceniration [143] When THCV and CBD were co-administered
all the effects of the individual treatments were retained, suggesting
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that the combination may prove effective in counteracting several
components of the metabolic syndrome, It is also plausible that this
mixture may have the potential to inhibit or eliminate the metabolic
risks of APs but again the data upon which this speculation is based
remain to be replicated.

The anti-nfammatory and immunomedulatory effects of CBD
areé well established. These include inhibition of T cell proliferation
and macrophage migration; sappression of natural killer cells; sup-
- pression of Th} pro-inflammatory ¢ytokines inchuding IFN-y, TNF-
a, TL.-1, IL.-2, TL-6, 1L£-12; stimulation of Th2 cytokines such as TL-
"4 and IL-10; inhibition of nitric oxide production; neutratisation of
free radicals by potent anti-oxidant activity, and demonsirated effi-
- cacy in various laboratory inodels of nflammation [144, 45]. The
“nechanism of action remains. specilative. The finding that CBD
enhances adenosing signalling by inhibiting its uptake through an
 effect upon the equiiibrativ'e nucleoside transporter provides one
~possible explanation since adénosine agonists are known to have

¢ =nti- mﬂammatory effects {50} “The- potency of CBD in enhancing

‘adenosine signalling alse provides a poss1ble mechanism  for ils
.antipsychotic. effécts descnbed dbove, since adenosine dysfunction
has been incriminatéd i in both the newrobiclogical underpmnmg and
symptoms of schizophrenia [146]. Since there is evidence that
CBjR antagonists may alsd have significant anti-inflammatory ef-
fects [147], it is possible that co-administration of THCV may have
“a synergistic effect. Since chronic, low-grade inflammation has
been reported fo be associated with impaired executive function
f113], the anti-inflammatory effects of CBD may also benefit cog-
nition. Recently, a small dose of CBD was reported to improve a
sensitive marker of cognitive fonction {(auditory-evoked mismatch
negativity (MMN)) in healthy subjects [148]. Impaired MMN is &
characteristic finding in schizophrenia [149].

CB, signalling modulates emotion, reward processing, slecp
regulation, aversive memory extinction and regulation of HPA axis
[116]. ECS stimulated BDNF release during neuronal msults [150}
Chronic, umpredictable stress in rodents caused dramatic down-
regulation of ECS in hippocampus {151}, and biosynthesis of endo-
cannabinoids in this brain area may be inhibited by prolonged in-
creases in circulating glucocorticoids, whereas the opposite occurs
in the hypothalamus [152] These data suggest that ECS acts as a
buffer during stress, and that in conditions of chronic siress CB,
agonism may help to normalise response by reregulating HPA axis
[117, 153]. Evidence has emerged that CBD is capable of enhane-
ing smnandamide signalling m humans [46] and may thus be benefi-
cial in recalibrating the response {o stress. The anxiolytic effect of
CBD is already well established {28}

It remains 10 be detenmined which, if any, of these various po-
tential beneficial effects of phytocannabinoids m the comtext of
schizophrenia will prove of practical therapeutic value, and at this
point they remain conjectural. However, it is intriguing 1o note from
a very recent paper [154] that 5 and 10 year mortality risk in pa-
tients with psychotic disorders was significantly lower in those who
regularly smoked cannabis compared with those who did not use
the drug. The authors speculated that this might be due to either
fmprovement in cognitive function (as has been reported as an as-
sociation with cannabis smoking in schizophrenia patients in sev-
eral previous studies [155] or the anti-mflammatory effects of phy-
tocannabinoids, but improvement in metabolic parameters or re-
duced stress are equatly plausible hypotheses.

CONCLUSION

Alongside the expected emotionat, perceptual and behavioural
problems, schizophrenia patients may present with metabolic ab-
normalitics mcluding obesity, dyslipidaemia, impaired glucose
tolerance or type 2 diabetes metlitus, symptoms and signs of an
abnormal sress reaction, and haematoiogical evidence of choonic
systemic inflammation. Symptomatic diversity may thus be an even
bigger challenge than generatly appreciated.

cannabinoid medrcmes PIR and GWG also hold stock n GWP
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The ECS plays an essential role in mainiaining nornal mental
health, is influential in many aspects of metabolic control and im-
mune funciion, and modulates the response to stress and regulation
of the HPA axis.-Evidence summarised above suggests that a can-
nabinoid medicine containing a mixture of CBD and THCV may
bave the potential to asgment existing antipsy chotic drugs and re-
duce some of their unwanted effects, whilst ai the same time target-
ing the metabolic problems, abnormal respomse o stress and .
chronic inflammation which form pan of the schizophrenia pheno-
type and might be partly ‘due to, ‘or counteracted by, changes in
ECS. Much of the data upon-which this hypothesis is based requires

replication and extension, but clinical irials are now justified ;n' )

order 1o test its vahdlty
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Legal Notification

The following Standards of Identity, Analysis, and Quality Control of Cannabis are intended to provide scientifi-
cally valid metheds for the analysis of cannabis and its preparations that can be used to comply with state and
federal regulations and policies. The analytical methods were obtained from peer reviewed literature, have been
used as part of international or federal monitoring prograras for cannabis, and have been verified for their scientific
validity, Methods other than those presented in this monograph may be scientifically valid and provide reliable
results. However, all methods must be verified as being scientifically valid prior to use for regulatory compliance.

I the United States, cannabis is a Schedule 1 controlied substance under federal law; therefore, any use or
possession of cannabis and its preparations is illegal except pursuant fo the compassionate use Investigational New
Diug exemption. These standards are not intended to support, encourage, o promote the illegal cultivation, use,
trade, or commerce 6f canmabis. Individuals, entities, and institutions intending to possess or utilize cannabis and
its preparations should consult with legal counsel prior to engaging in any such activity.

The citing of any commercial names or products does not and should not be construed as constituting an
endorsement by the American Herbal Pharmacopoeia. Additionally, the reliability, and therefore ability to comply
with state or federal regnlations, of any conclusions drawn from the analysis of a sample is dependent upon the test

sample accurately representing the entire batch. Therefore, whern performing all analytical tests, a formal sampling
program must be employed.
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NOMENCLATURE

Rotanical Nomenclature’
Cannabis L. {includes Cannabis sativa, C. indica)

Botanical Family
Cannabaceas

Pharmacopoeial Nomenclarare
Cannabis Inflorescentia

Pharmacopoeial Definition
Cannabis consists of the dried inflorescences and remains
of subtending leaves of pistillate Canmabis species plants.

Common Names
Cannabis, ganja, grass, hemp, marijuana (alternatively
spelied marthuana), pot, weed, sinsemilla,

IDENTIFICATION

Botanical Identification
Taxonomic Discussion

The taxcnomic classification of Cannabis has been the
subject of considerable debate in scientific and legal forums
for decades and is driven by classical botanical taxonomy,
chemotaxonomy, and molecular sequencing. Opinions
regarding Cannabis have been split between polytypic
{meuitiple-species) and monotypic (single-species) views of
the genus. Both views usually segregate plant populations
by their relative concentrations of A*tetrahydrocannabinol
(A%THC; hereafter referred to as THC) and cannabidiol
(CBD). For a detailed account of the taxonomic history of
Cannabis see Hillig (2005), Russo (2004), Schultes et al.
{1974), and Small and Cronquist (1976).

Following the formal description of C. sativa by
Linnaeus i 1753, Lamarck (1785} published a description
of what he considered a different species, C. indica, based
on plant specimens collected in Asia. The C. indice plants
were relatively shorter, had smaller icaves, narrower leafiets,
smaller fruit, and, as described by Lamarck, poorer fiber
quality than C. sativa, but greater utility as an inebriant.
Since then, the name C. indica has been applied to variants
with high levels of psychoactive THC, while the name C.
sativa has generally been applied to plants selected for their
vield of bast (phloem) fibers in the stem and relatively high
CBD to THC ratio. Wild-4type plants growing in southeast
Furope, possibly descending from the ancestor of C. sativa,
were named C. sativa. var. spontanea Vav. and C. ruderalis
Janisch, Vavilov encountered unique. broad-leafleted plants
inn Afghanistan. After sorne equivocation, he named them C.
indica var. kafiristanica {a wild-type plant} and C. inlica var.
afghamnica (plants with traits of domestication). Numerous
other botanical names have appeared in the literature {e.g.,

2 American Herbal Phormacopeeia® » Camnabis Inflorescence = 2014

see Schultes et al. 1974 for discussion and Tropicos.org for 2
nearly complete list).

Schultes et al. {1974) and Anderson (1980} recognized
3 entities: Cannabis sativa L. {tall, branched planks, used
mainly for fiber and seed and also for drugs), C. indica
Lam. (short, densely branched plants with firm stem, broad
leaflets, and high content of psychoactive THC), and
C. ruderalis Janisch. {shost, often unbranched “roadside”
plants vsually yielding a high CBD to THC ratio}. The
taxonomic tieatments by Schultes and Anderson departed
from: the concepts of Linneaeus, Lamarck, and Janischevsky:
These authors treat €. sativa as a source of psychoactive
drugs; Lamarck’s C. indica designates. plants. from India,
which are relatively tall, laxly branchied, with narow
leaflets; they apply C. ruderalis to plants from Central Asia,
whose morphology departs from Janischevsky's description
of European plants with moderate height, strong branching,
and long, narrow leaves. . o

Small and Cronguist {1976} analyzed 350 world-wide
accessions in a comnmon garden experiment. These authors
argued that due to the absence of reproductive barriers
and the morphological discontinuitics of the plant, only
one polymorphic species, C. sativa, cutrently exists. They
further snggested that the curment gene pool of Cannabis
was heavily influenced by human agronomic selection and
proposed the recogmition of subspecies sativa (low content
of THC, grown primarily for fiber and sced use) and indicg
{high content of THC, grown primarily for intoxicant use}
within the single species, C. sativa.

Conversly, Hillig argues that the split between sativa
and indica may have pre-dated human intervention. He
analyzed 157 accessions of known geographic origin in a
common garden experiment, using genetic evidence (Hillig
2005), cannabinoid profiles (Hillig and Mahlberg 2004),
teepenoid variation (Hillig 2004), and host-parasite data
(McPartland and Hillig 2006). He recognized a sativa gene
pool included hemp fiber and seed landraces from Europe
and Central Asia and Eastern Furopean ruderal (roadside)
accessions. The indica gene. pool comprised narrow-leaflet
drug strains from Southern Asia, Africa, and South America,
wideleaflet drug strains from Afghanistan and Pakistan, Far
astern fiber and seed landraces, and feral populations from
Nepal and India. A putative third gene pool was formed by
ruderal accessions from Central Asta. This classification and
nomenclature was adopted and expanded by Clarke and
Merhin {2013}

A vemacular taxonomy of “Sativa” and “Indica” has
arisen, which conflicts with the formal botanical taxonomy
of Linnesus and Lamarck, as noted by Small (2007). The 2
names have been commonly used to refer to, narrow- and
wide-leafleted drug varieties, respectively (Hillig 2004).
However, due to the widespread interbreeding of the
species, the application of these terms to narrow and broad
leafleted specimens is botanically imprecise. Recent floristic
treatments of Cannabis secognize only one (C. sativa) or,
rarely, 3 species, noting the confused state of taxonomic
undesstanding: Flora of China and Flora of the USSR lists 2




Fignre 1 Morphological chavacteristics of Cannabis

A Inflorescence of male (staminate) plant.
B. Fruiting female {pistillate}.

a. Staminate flowet.

b. Stamen {anther and short filament),

¢. Stamen,

d. Pollen grains.

a. Pistillate flower with bract

Sowrce; Kahier, Medizinal-Pflanzen in naturgetrevern
Abbildungen und kurz erfduterndem Texte [1887),

i

fammabis sativa §

{. Pistillate flower withoirt bract.

4. Pistillats flower showing ovary (longitudinal section).
h. Seed {achene} with bract.

i. Seed without bract.

i Seed {side view).

k. Seed {cross section).

I. Seed {longitudinal secticn).

m. Seed without pericarp {peeted).

American Herbal Pharmacopoeia™ ® Cannabis Inflorescence e 2014
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2c.

Figure 2 Botanical characteristics of cannabis infiorescences

2a. Full view of mature high-THC-preducing female (pistitlate) plant.

2b. Full view of mature high-CBD-producing female (pistiliate) plant.

2¢c. tong denss raceme of a high THC-produsing female plast bearing pistillate (female) flowers.

2d. Inflorescence of a high CBD-producing (CBD:THE ratie 30:1) female plant {note long stender leaves).

American Herbal Pharmacopoeia® » Cannabis Inflorescence » 2014




Figars 2 (continued) Botanical characteristics of cannabis inflorescences

Zh.

Ze. Maturing female inflorescence showing young yeflow styles and stigmas {often referrad to s “pistils™).
2f.  Clase-up of maturing female inflorescence showing young yeliow stylés and stigmas seneseing hrown and shriveling and an

abundance of glandular trichomes.

2q. Female inflorescence with senesced reddish-brown styles and stigmas, an indicator of inflorescence maturity.
2h. Close-up of fernale influrescence with senesced redidish-brown styles and stigmas.

{CC. sativa L. and C. ruderalis Janisch.}, Flora of Pakistar lists
ane, Flora of Missouri lists one, Flora of North America lists
one, and Flora of Taiwan Checklist lists one.

lixtensive co-culbivation and crossbreeding practices
have effectively crossed the boundaries between the various
taxonomic categories within Cannabis. Although outside
of the strictly botanical classification, nomenclature of
cultivated plants, govemed by the International Code
of Nomenclature for Cultivated Plants (Brickell et al.
2009), may be more applicable to further ditferentiation of
Cannabis plants cultivated today. Such nomenclature is not
taxonomic, bul cultonomic, and recognizes cultivars and

groups based on economically important characteristics,
without an appeal to the phylogenetic hierarchy. With this
approach, Cannabis plants that satisfy selected criteria might
be assigned fo any number of groups, depending on the
use emphasized, e.g., THC-drug group, CBD-drug group,
mixed THC-CBD-drug group, fiber-hemp group, seed-oil

group, elc.

Cannabis is 2 member of the Cannabaceae family,
together with another wellknown member of the family,
hops (Humulus). The family has recently been expanded
to contain 9 other genera (Stevens 2001). The following

American Herbal Pharmatopoeia® © Cannabis fnflorescence @ 2014 5
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Figure 2 {continned) Botanical characteristics of cannabis inflorescences

2i. Trichomes along anther scale.
2j. Trichomes along the pedicel of a male Hower.
Zk. Close-up of glandular trichomes.

7.

21

2L  Magnification of muttcelular glandular trichomes with electron misroscopy.
Phatographs cotrtesy of: (2a~b, &, f) The Wo/Men's Alliance for Medice} Marijuana (WAMMY), Santa Cruz, CA; {2¢, h} Gianpaoto Grassi, CRA-CIN, Industrial
Crop Research Denter, Rovigo, ltaly; (24, g, i-k) © Travid J Potter, Salisbury, UK; (2} University of Missiszippi, University, MS.

describes the published range of morphological diversity
within plants recognized as Cannabis spp.

Morphological Characterization of Cannabis L.

Herbaceous annual, taprooted (taproot not developed on veg-
etatively propagated/cloned plants). Plants dioecious (male
and female flowers occur on separate plants) and rarely mon-
pectons (male and fernale flowers eccur on the same plant).
Monoecious planis are ofien referred to as “hermaphrodites.”
Trie hermaplivodites bear bisexual fiowers and are less com-
mon, whereas monoecious plants bear unisexual male and
female flowers at different locations on the plant. Staminate

6 American Herbal Phormacopoeio® ® Cannabis Inflorescence » 2014

{male) plants tend to be tatler but less robust than pistiliate
{female) plants. Height and degree of branching depends
on hoth genetic and environmental factors {UNODC 2009).
Root: A latesally branched taproct, generally 30-40 cin deep in
loose soil, and up o 2.5 m deep; the horizontal spread of lateral
roots also depends on the soil type, up to 80 cm in width. Stem:
Frect, furrowed, round to obtusely hexagonal in cross-section
oftenn hollow, 0.2-6 m {usually 1-3 m) tall, simple to well
branched; branchlets densely pubescent; starminate (male)
plants usually taller and less robust, compared with pistillate
(fernale) plants (Raman 1998); stipules linear, lateral, acute,
persistenit, 2-5 mm. Leaves: Alternate or opposite basally on

+miith
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= Acuminaie apex

Compound leaf blade

L Midvein of Serrated margins

leaflets

Lanceolate leafiets (7)

1 -affe Potioie
£

3c.
Figwe 3 Botanical characteristics of cannabis leaf

3a. Adaxiat {upper) sarface of a typicat cannabis leaf (9 leaflets),
3h. Adexial tupper) surface of a typical cannabis leaf (5 leaflets).

w
-3

wenalA

3d.

3e. Abaxial {lower) surface of a typical cannabis leaf.
3d. Adaxial {upper) surface of a typical cannabis leaf.

American Herbe! Pharmacoboeia® ¢ Cammabis Inflorescence © 2014
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Figure 2 [continsed) Botanieal characteristies of capnabis leat

3e. Upper and lower suiface of broad-leaf strain {“indica” type).
3. Upper and lower surface of narrow-leaf strain {"sativa” type).
Photographs courtesy of (3a-d} WAMM, Santa Cruz, CA; {3e1) Gianpaoio
Girassi, CRA-CIN, Industrial Grop Resesrch Center, Rovigo, Haly.

stem, with the longest in the middle, palimately compound,
basally with (3)5--11(13) leaflets, apically with L3 leaflets.
Leaflet: Usually lanceolate, semetimes oblanceolate to lin-
ear, uneven in size, (3)7-15 x {0.2)0.5~1.5(2) em, ; margin
serrate, with fine, very acute {o coarser, almost blunt serra-
Hons; apex acaminate; petiole 2-7 iy leaf blade abaxially
whitish-green, strigose, and rarely whitish-clear to opaque to
brownish glandular trichomes, adaxially dark green with cys-
talithic trichomes. Blade surfaces abaxially sparsely to densely
pubescent. Staminate {male) inflorescences: Axillary or
terminal, erect, up fo ¢a. 25 cm, a lax panicle or a compound
cyme. Male flowers: Yellowish green, nodding: pedieel
2—4 mum, thin; sepals imbricate, ovate to lanceolate, 2.5-4
mm, membranous, with spamse prostrate trichomes; petals
absent; Blament 0.5-1 mum, straight in bud; anthers oblong;
rudimentary pistil small. Pistillate (feale) inflorescences:
Pseudospikes, congested, erect to spreading, among leaflike
Practs and bracteoles. Female flowers: Green, sometimes
purple to red andfor mottled or sireaked, sessile; bract (sub-
tending floral Jeaves) proximal upper surfaces are densely
covered by capitate stalked trichomes, with serrate or entire
margins (Potter 2009); bracteole (alernately called a calyx,
penigoniuny, or perigonal bract) usually refers to a small {4--8
mm long), fused, conicallyshaped sheath thar completely
envelopes the ovary and loosely encloses mature fruit, densely
hispid or pilose, covered with resinous glandular trichomes;
perianth thin, papery, undivided, closely appressed io the
ovary and mature fruit, often reduced or absent in cultivated
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3.

" forms, often marbled with light and dark areas; ovary superior,

sessile, subglobese, onelocular with one pendulous anatro-
pous ovule; styles 2, long-linear, caduceus, emerging from
the apex of the bractecle. Achenes (fruits): Solitary, usually
green-brown but also white or gray, with a pale, fine reticula-
tion pattern on the smooth surface (in cultivated forms), or
with brown or purple mottling (in strains retaining wild- Hype
morphology and a persistent perianth), oveid to oblong in
outline, somewhat compressed (Ienticular) in eross section,
2-5 mum; endosperm fleshy and oily; embryo strongly curved;
cotyledon fleshy.

The upper leaves, unfertilized (female) flower heads, and
flower bracts of the female plant aze the primary source of
cannabinoids in Cannabis. The cannabinoids are enclosed
irt tiny (just visible to the eye) glandular richomes occurring
in several different forms: sessilé glands {trichomes without
a stalk}; small bulbous glandular tichomes with one-celled
stalks; and ltong, muldticellularstalked glandular trichomes
mainly present on bracts and bractecles surrounding female
flowers (Harnmond and Mahlberg 1977; Rarnan 1998; Starks
1990; see Table 2). Numerous unicellular mon-glandular
trichomes are located on hoth surfaces of the leaves, bracts,
and bracteoles, Those on the upper (adaxial) epidermal
surface frequently bear calcinin carbonate crystals {cystoliths)
at the base. The presence and distribution of the rigid,
curved cystolithic non-glandular trichomes on the upper leaf
surfaces and of the fine, slender non-cystotithic non-glandular
trichomes on both upper and lower surfaces are characteristic
of Cannabis and enable positive identification of even
fragmented material (UNODC 2009).

Although some selections of cannabis are day-neutral
(flower under any daylength; sometimes referred to as
“autoflowering”), most are shori-day-length plants (needing




Secondary:?
_B'ranc_hing

4.

figure 4 Botanical characteristics of cannabis staminate (male) flow-

ers and stem

&a. Male {staminate) flowsars.

4b. Close-up of male Rowers showing primary floral characteristics.
4e. Vegstative stam of matdre plant showing nods, furrows, stipules,

and axillary branching.
4d. Staik of purple varisty.
Photographs courtesy of. WAMM, Santa Cruz, CA,

a long, usually = 14 hours dark period) and shift from
vegetative to reproductive growth upon exposure to short day-
length conditions. With the change to reproductive growth,
the leal pair arrangement changes from opposite to an
alternate, spiral amangement (Potter 2004}, Distinguishing
male and femnale plants during vegetative growth is difficult,
although the female planit tends to be stockier and to flower
later than the male plant (Raman 1998). Geeasionally, one

or few individual flowess are produced in lower leaf axils
to allow the determination of the plant’s sex during the
vegetative phase of growth.

Distribution: Humans have dispersed cannabis worldwide
over the past 10,000 years from probable origins in Central
Asia, the Northwestern Himalayag, and China to a variely
of habitats throughout the temperate and tropical regions
of the world. Within the purported native mange, the
plant oceurs in open, disturbed habitats, such as along
riverbanks, bottomlands, ard hillsides. In North America,
C. sativa subsp. sativa is reported naturalized or ruderal
in most all states and provinces across the Northeast,
Midwest, and Fastern Plains, occurring at altitades 0-2000
m (USDANRCS 2014). The plant can be observed in
fertile, moist farmlands, in gpen habitat, in waste areas,
and, occasionally, in fallow fields and open woodlands
(Small 1997). I addition to the habitats in which the
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plants would otherwise be naturalized if growth were not
actively curtailed, cannabis is widely cultivated outdoors
and indoors for both recreational and medicinal purposes.

Macroscopic Identification

Cannabis raw material is most often supplied as variously
sized, 1.5-15 cm or longer, brunches and branchiets,
sometimes broken up, of the dried inflorescences of
pistiflate plants. These inflorescence segments, colloquially
known as “buds” are often closely trimmed by hand or

10 Ametican Herbal Pharmaropoeia® o Curmabis Inflorescence © 2014

5,

Figure 5 Botanical characteristics of cannabis seed {achene)

5a. Develeping seed {frst; formally known as “achene”).

Bb. Seed smerging from and surrcunded by the sae-like fused
calyx.

5¢. Mature seeds.

Photographs eourtesy of: Gianpaslo Srassh, CRA-CIN, Industrial Crop

Research Center, Rovigo, ltaly.

machine, sometimes leaving porticns of the leaf bases
and stiff petioles. The segments are generally light to
dark green, various shades of purple to dark purple, or
from green-brown to brown and may include whole,
or fragments of, reduced upper leaves, stems, bracts,
bracteoles, radimentary calyx, immature ovules, styles,
and glandular and non-glandular trichomes. Cannabis
selections vary to the extent of the length of the internodes
within the inflorescence. Those of short length have
a denser cluster of flowers so that the segment pieces
appear more rounded; these of a longer length have a
greater distance between individual flowers. Variation
exists between selections in: the size and prominence of the
various parts. Morphological characteristics and variation
inr color of cannabis products aré influenced by the variety
as well as environmental factors incleding light, water,
rutrients, and methods of cultivation, harvesting, handling,
and curing. For macroscopic examination of material that
is stuck together, soak the material in strong alcohol (70%)
to dissolve the resin, pour off the alcohol, and then soak
in water. The leaves, stems, bracks, flowess, and fruit can
then be separated. However, material prepared in this
manner should not be used for quantitative analysis due
to consiituent Joss.

Stems: Light brown, pale green, or variously mottled or
entirely purple in color. Stems within inflorescences are



Figure 6 Macrascopic characteristics of cannabis inflorescence

Ba.
6b.
be,
G,
Ge.
8f.

Dried, untrimmed pistitate inflorsscences of morphological type "sativa.”

Dried pistiliate inflorescences of morphological type “sativa” (bottom ~ untrimmed; top ~ trimimed).

Storage effests on color of cannebis material (left — 1-year-old; right — new harvest).
Dried pistiiate inflorescances of morpholagical type “indica” (bottom — urdrimmed; middle and top —trimmed),
Close-up of a dried pistillate inflorescence {note the visible glandular trichomes).

Powdered dry cannabis material {leaves and pistilate nflorescences).

Phetographs cotirtesy of: [ba—e) WAMM, Sania Cruz, CA: (6§} University of Mississippi, University, MS.
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often cut just below the node. Stems branch freely and
repeatedly but the extent of branching i dependent on
environmental and hereditary factors, and the method of

cultivation. Nodes and internodes are distinet, with alter

aate branches, and can be of varying length. Stem texture is
fibrous and the surface is longitudinally furrowed with shozt
stiff hairs. The cortex and wood are thin with the pith white
and porous. Larger diameter (z 3 mm) branch picces are
often sourced from terminal shoots. Material with thinmer
stems is' most often from lateral inflorescence branches or
from side branches cut from tenninal inflorescences.

Upper leaves: Rarely present in cultivated plants as these
are often removed through mechanical or hand trimming.
When present, the upper leaves ave light to dark green,
sometimes purple or motiled purple in color, or brown,
dried and shriveled, and sometimes clasping the infloves-

cence. After trimmming, only the bage of the pelioles is typi-

- cally left as stiff remnants at the nodes.

. Bracts: Light to dark green or brownish-green. Numerous,

slternate, with narrow stipules at the base; some are simple
and others fri-partite, but in both cases the segments are Jan-
ceolate with an entire margin. Bracts subtending the spikes
are often divided into 5 linear leaflets. Those subtending the
individual flowers usually have 3 minute leaflets. Beacts and
stipules both show a marked tendency to shrivel upon dry-
ing, and in some cases only the veins of the bracts remain
intact. With magnification (10x} numerous glandular and
noregianduiar trichomes are seen.

Table 1 Microscopic characteristics of cannabis inflorescence powder

Bracteoles: Light to dark green or brownish-green; formed
in pairs in the axil of a bract. Ovate with an acute apex and
incurved at the base to enclose the fower or fruit, With
magnification {10x) numerous glandular and non-glandular
srichomes are observed.

Flowers: A single flowet is formed i the axil of each bracte-
ole. Calyx is light to dark green or brownish, pubescent, and
somewhat folded around the ovary o1 fruit. Ovary is single-
charmbered containing a single campylotropous ovule, sur-
rounded by the thin hairy perianth. Attached to the flower
are 2 slender, long, pubescent styles and stigmas, spreading
at the apex, and of a dark reddish-brown to orange color.
Plants ate dioecious. Male flowers have stamens; female
flowers do not. '

Fruit: The fruit of cannabis is an achene and, together
with the enclosed seed, is commenly referred to as the
“seed.” Unless specifically desired, sceds should be lacking
from properly harvested material, Achenes separate easily
from dry samples. The achend is 2+5 mm in diameter and
enclosed within an enlarged persistent perianth surrounded
by bracts; solitary, somewhat compressed (lenticular) ovoid,
glossy, offwhite, green, brown-green, or yellowish-green
often mottled in purple. The thin wall of the ovary tightly
covers the shell of the seed. The pericarp is dry and brittle
and finely reticulate. The endosperm and cotyledons are
fleshy. The embryo is curved.

Trichomes: Two primary categories of frichomes are pres-
ent; glandular, cannabinoid-producing trichomes, and non-

Pulygonal upper epidermis cells with faintly stristed cuticle and faw trichomes; sinucus-walled lower
Braets apidarmis cells with anomocytic stomats and shundant trichomes; small elusters of calcium oxalate in

the mescephyli cells.

Polygonal ﬂPﬁet aid o
waiis,anamanw ;
“bracs, coritaining ¢

Bracteolss :

Trichomes and glands

Polygonal upper epidermis cells with faintly striated cuticle and few trichomes; sinuous-wailed tower
epidermis eells with anomocytic stomata and abundant trichomes; small ciusters of calcium oxalate

Stigma

Saed

Stem oxalate, fibers, v

s and lactiferous tissug &

Bracts
in the mesophyll cells.

o Upper epidermis cé]:ls‘.Wév'_‘;;i'\fa:iE_e& '\i\:r'iti'ijé@t‘jé_téd."r;ﬂt_iﬁié; $ti'i" |

Leattet - and cystofith trichomes abundant; Jower epidermis wavysy
trichomes characteristic'of cannatiis:

i2
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Figura 7 Microscopic characteristics of cannahis (illustrations)

7a. Lower epidermis of leaf showing cystolithic trichome.

7b. Upper epidermis of leaf with snderlying palisade.

7c. Upper apidermis of braet with underlying palisade,

7d. Upper epidermis of bracteole with underlving salsium oxalate.

7e. Lower apidermis of bractecle with stoma and underlying calcium
oxalate crysial.

H. Fragments of mulicellular glandular trighomes.

7y, Detached sessils glands,

Th. Small glandutar trichomes.

7i.  Part of a covering trichome,

7i. Parn of large warly covering trichome from stem.

7k. Fragment of stigma.

Microscapit images courtesy of Elizabeth Williamson, University of Reading,

Reading, UK.

glandular, non-cannabinoid-producing trichomes, Both can
be observed with 10-20x magnification {see Table 2).
Powder: Dull light to dark green, to brown; sometimes
purplish. When viewing coarsely ground material under
20x magnification, fragments of lower epidermis of leaves
contain wavy vertical walls and oval stomata, while vpper
epidermis picces have straight vertical walls and no stomata
{see Table 1), Most of these characters require higher mag-
nification if viewing finely ground powder.

Organoleptic Characterization

Aroma: Historically, the aroma of cannabis was deseribed
as agreeably aromatic, strong and heavy, pecuoliar, and
parcotic. I vecent decades, breeding and selection have
produced a wide variety of aromas within cannabis strains.
Comunercial marketing of eannabis has led to the use of
numerous comparative terms to deseribe the aromas of can-
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Figure § Microscopic characteristies of cannabis: oress section
of a fruiting bract

8a. Cystolithic trichome,

8h. Glandutar multiceliutar trichome.

Be. Surface view of large glandular trichome head.

8d. Glandular trichome with biceltuzlar head and unicelfular statk.
8e. Thick-walled conical trichome.

nabis straing. The aromas as deseribed in modern advertis-
ing include: pecudiar, narcotic, strong, sweet to sour, fruity
to pungent, agreeable, aromatic, fresh and sweet, suphoric,
spicy citrusy, musty, skunky, acrid, juniper, floral, sour, die-
sel, vaniila, complex, blueberry, pimeapple, perfumed, piney,
sandalweod, mango, skanky-cheese. and more,

Color: Colar is influenced by variety and mode of cultiva-
tion, handiing, harvest, and curing. Pistillate inflorescence
parts vary in color from bright, light green to deeper, dark
green through dark purple to light yellowegold to brown,
sometimes with flowers having long reddish-orange to brown
styles and stigmas. Indoor grown material is often lighter
green to bright purple, while material cultivated outdoors
tends to be darker green to green-brown to dark purple. The
eolor should be consistent throughout each sample and
should not show signs of gray or black, which are indicators
of fungal infection. Inflorescence parls with a high density
of glandular and non-glandular trichomes can appear bright
whitish and crystalline.

Taste and mouth feel: Bitter, sornewhat acrid, resinous,
sticky, and pungent.

14 American Herbal Pharmecopoeia® e Cannobis Inflorescence ¢ 2014

8f. Developing glandular trichome,
Bg. Stalk of 2 glandular trichome,
#h. Palisade cell

8. Cluster orystal of calcium oxalats.

Bi. Parsnchymal ceil

8k Stoma,

Source: The botany and chemistry of cannabis. Joyce CRB and Curry SH
leds.} {18701} 4 & A Churchill, London,

Microscopic Identification

Bracts and Leaves: Microscopically, tansverse sections of the
leaflets and bracts show a dowsiventsal stracture. The palisade
vorsisls of a single layer (rarely 2 Tayers) of cylindrical cells
and the spongy Gssue of 2-4 layers of rounded parenchyma;
cluster erystals of calcium oxalate are present in all parts of the
mesophyll. The upper epidernmis cells bear unicellular, sharply
pointed, curved conical tichomes, approximately 150220
nm long, with enlarged bases containing cystoliths of calchum
carbonate; the lower epidermis bears conical trichomes, which
are longer, approximately 340-500 pm, and more slender,
but without cystoliths. Both upper and lower epiderrnises bear
numerous glandular richomes, and on the underside glandular
trichoines are especially abundant over the midrib. The glandu-
lar trichomes are of 3 types: (1) a long muiticellular stalk and a
multicellular head with approximately 8 radiating club-shaped
cells; (2) a short unicelinlar stalk and a bieelkular, rarely 4-cell,
head; {3) sessile (without stalk) with a multicellular head. Both
upper and lower epidermises in the midrib region are followed
by a few layers of callenchymu. The vascular bundle s com-
posed of phloem, made up of small cells, and xylem vessels
arranged in radial rows. The lower epidermis displays mimerots
tichomes of 3 types: non-glandular, nen-glandular cystolithic,



9.

Figwre 5 Microscopic charaeteristics of cannabis

9a.
8h.
9¢c.
8d.
Se.

8
9g.
9h.
i
9.

Microscopic images coustesy of: {9a-e; g-1} University of Mississippi, University, MS; (f, m) Reinhard
Langer, AGES PharmMed, Vienna, Austria; {9n) ©2013 David J. Potter, Salisbury, UK; (3o-u} Elan

9is.

tpper {adaxial} leaflet surface showing epidermal cells with anticlinal walls.

Upper ladaxial} loaflet epidermis showing curved anticlinal walls.

Cystolithic trichemes on the upper surface of the leaflet (surface view).

Cystolithic trichomes on the upper surface of the leaflet {surface view, polarized light).
Cystolithic trichomes on the upper surface of female flower bract (surface view, polar-
ized Jighth.

Cystolithic trichome {ateral view; polarized light).

Cysiolithic trichomes on the leaflet margin (lateral views; palarized light).

Transverse section at the leafiet midrib.

Stomata on the lower {abaxial) surface of the leaflet {surface view).

Lower {abaxial} leaflet surface showing fong unicefular non-cystolithic trichomes

Sudbarg, Costa Mesa, LA,
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ﬂq. :

Figure & {(contipned) Migroscopic characteris-
tics of cannabis

3k. Non-cystolithic trichomes on the lowset
jeafiet surface {polarized fight).

81, Non-cystolithic trickiomes on the lower
surface of the bract {polarized lighth.

gm. Multiceliular-stalked glandular trichomes
on bract,

9r. Mutticeilular-staliced glandular (left) and
non-glandular cystolithic trichomes {right).

%0, Upper epidermis of bracteole showing
underlying calcium oxalate cluster crys-
tais in the mesophyli. . .

8p. Terminal and of a senesced stigma. 9. Multiceltular glandular trichomes.
9. Mid-section of a senesced stigma show- - Multiceltular giandular trichome showing orange-brown resin-oif deposits.
ing unicellular trichomes with rounded 4, Glandular tricheme showing orange-brown resin-oil deposits.
ends. %u. Sessile glandular trichome showing orange-hrown resin-oil depesits either exuding

or retracting through the stalk.
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Figure 10 Microscopic characteristics of cannahis inflorescence powder

102. Non-glandular conical trichomes on the upper epidermis of leafiet.
10b. Cystolithic trichome with warty cuticle.

e, Head of glandular trichome showing cells radiating from basal cells.
104. Surface view of epidermis showing trichomes and cystoliths.

10e. Fragments of vessel elements showing spiral wals thickenings.

$0f. Lower epidermis showing anomocytic stomata.

10g. Non-glandular canical grichome with cystolith.

10h, Head of a glandular trichome covered with cuticle.

10i. Corticst parenchyma showing crystals of calcium oxalate.

1j. Coriical parenchyma showing simple starch grains.

Phategraphs eourtesy of: University of Mississippi, Universiy, MS.
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Tahie 2 Types and distribution of cannabis trichomes

Sessile funstalked)

glands Yes

Balbous {onsscelt-
stalked) trichomes
Glandular Tl '

Muitigeliular-

statked trichomes Yes

ﬁ\mﬂ"ﬂ“c L
trichomes

Non-glandular

Non-cystolithic

trichomes No

Photographs © 2012 David J. Potter, Salisbury, LK,

and giandular. Clusters of calcium owalate erystals are scattered
in the ground tissue, The simubtanecus presence of cystolithic
trichomes on the upper swrface and non-cystolithic trichomes
andd sessile glandular trichomes on the lower surface of the leaf
lets is characteristic of canmabis (UNODG 2009).

Bracteoles: Bracteoles have an undifferentiated mesephyll
of about 4 Tayers of cells, the lower hypodermal layer having
a cluster crystal of calcium oxalate in almost every eell The
abaxial surface bears momerous bulbows, sessile, and stalked
glandular trichemes as well as uniceflular conical trichornes.
These richomes are most numnerous whete the bracteole curves
in to enclose the ovary or fruit

Flowers: In the stigmatic epidermis, nearly every cell has an
extended papiila about 90--180 ym long with & rounded apex.
Stem: The stem epidernis bears very few richomes similar
to thoss of the leaves. In crosssection of the stem, large,
unbranched taticiferous hibes can be seen in the phloem. Well-
developed bundles of pericyclic bers are present to the interior

18 American Herbal Phanmacopoeia® ® Cannabis Inflorescence » 2014

. outer surface of bracteoles.

All aerisl epidermal tissues.
Especially shundant on the
underside {abaxial} surface
of leaves and hracts and

Bracts, bractaoles, and
{rarely) on uppermost
{eaves; both surfaces.

All aerial epidermal
surfaces;

of the phloem. Both pith and cortex contain calcium oxalate
cluster crystals, about 2530 i in diameter.

For microscopic examination, leaves, bracts, and twigs
can be mounted in alcohol, water, or chloral hydrate solution.
Some compeunds may be dilied or lost when prepared

i this manner so these samples should not be used for
quantitative analysis

COMMERCIAL SOURCES
AND HANDLING

In commerce, cannabis generally refers fo the dried inflo-
réscences and subtending leaves and stems of the female
plant, commonly referred to as the bud. Considerable cfforts
it breeding and selection have produced cannabis strains
that are unigquely suited for either fiber (hemp; rich in bast
phloem cells in the stem) or drug production (cannabinoid-



containing resin secreted by epidermal glands) (Small and
Barcus 2002).

The most important cannabineid in this contest is the
psychoactive molecale THO. Fiber types are economically
important in China, Furope, Canada and many other
territories, and grown in subtropical and temperate climates.
Drug types however are more typically acclimatized to
- semi-tropical zones. In Canada, most Western US states,
and Northern Furope, the climate is not optimal for most
drug strains, encouraging indoor or greenhouse cultivation.
Since the 1970s, in the US and Canada, z law enforcernent
crackdown and largescale eradication efforts may have
inadvertently encoutaged more indoor growers. Breeding for
high THC strains (predominantly for recreational purposes)
has occurred historically and very aggressively over the past
40 years, with growers in California, the Pacific Northwest
and British Columbia, and Holland crossing plants of
Afghan, Columbijan, and Mexican origin in order to increase
THC yiclds well above 10% THC. Potency is especially high
when only female plants are grown. Unfertilized female
cannabis plants, (widely known as sinseniilla, a Spanish
term meaning without seeds) utilized no energy in seed
production and diverted more to twtal THC biosynthesis.
Later changes obtained through breeding and controlled
indoor growing conditions led to strains with increased total
THC potency.

In the 160s and 1970s, the average percentage of THC
inn herbal cannabis was less than 1%, aithough anomalous
sariples reaching 9.5% were reported (reviewed in Mikariya
and Aldrich 1988). In 1980 (Turner 1983) average fotal
THBC concentrations were less than 1.5%, but rose to
approximately 3.3% in 1983 and 1984, fluctuated around
3% gntit 1992, and increased to 4.7% (average) in 1997
Since 1997, due to the increasing prevalence of strains
grown using a variety of technigues, samples have been
found to contain a mean of 8.8% and anomalous samples
have contained as high as 29% total THO. In the same
time period, other cannabinoid concentrations (e.g., CBD)
rernained refatively stable (ElSohly et al. 2000, Mehmedic
etal. 2010).

in the Buropean Union (BU) as a whole, tetal THC
potency of crude cannabis has not had the same steady upward
trend as in the US. For example, between 1998 and 2002 EU
supplies ranged from a low of 1.1% [Fungary 2002}, a high of
16.5% [Italy 1998}, and a mean of approximately 7.7% total
THC (EMCDDA 2004). In most European countries the
current upper legal lirnit for cultivated cannabis for industrial
purposes is 0.2% THC {for comparison Canada: 0.3%) with
a ratic of CBD to THC greater than one (UNODC 2009).
There are currendly no minimum or maximum THC-CBD
concentrations legally mandated.

Comparison of total THC values, as well as interpretation

of trends in most couniries, should be taken as relative
numbers due to intraspecies differences, inconsistent

sampling, and variance in analytical techniques, among.

other factors affecting total THC concentration and yields.

Reported US values can be taken as more, but still refatively,
consistent, as they are predominantly based on analyses
through NIDA's Marijuana Potency Monitoring Program.

In comparison with THC-predominant strains, fiber
straing contain < 1% total THC and have a very low
level of psvchoactivity (De Backer et al. 2009; Galal et al.
2009). Additicnally, due to puiative therapeutic effects of
CBD, CBD-predominant strains are being developed both
domestically and internationally. :

Sourcing

Cannabis is cultivated in at least 172 countries (EMCDDA
2008). North Ameriga is the largest self-supplying market
for herbal cannabis. Europe is the largest consumner market
for cannabis. resin, which is predominantly supplied by
Morecco (EMCDDA 2012} ' o

There are 3 primary sources of indoor and outdoor
cultivated carmabis in the United States: 1. Federaily legal
materisl; 2. Material that is regulated by select states; 3.
Material that is traded illegally according to state or federal
Jaw. Sources in ofher covnbies vary; with some [(eg., the
Netherlands) exerting national controls on the production of
cannabis. Despite such national controls, illegal supplies still
exist, Sources in the US are biiefly described below.

Yederally Legal Cannabis: Because cannabis is classified
as a Schedule 1 controlled substance, its growth, transport,
possession, and wuse are stringently restricted. The Coy W.
Waller Laboratary Complex of the University of Mississippt
is the only source of cannabis for research and medicinal
purposes that is legally approved federally. Since 1968,
the National Institute on Drug Abuse, and its predecessor
agency, has contracted with the University of Mississippi
{UM) to grow, harvest, and process cannabis and to pyovide
material to licensed facilities across the country for federally
approved research purposcs. UM-also receives and collects
samples of cannabis seized by law enforcement to determine
the potency of confiscated samples and to document nation-
al drug trends. The federal government continues fo legally
provide cannabis grown by UM for medicinal use to the few
remaining patients in the Compassionate Investigational
New Drug program started in 1978,

According to federal regulations, transfer of cannabis
requires that material originate frorn a Drug Enforcement
Administration (DEA)-registered facility and be sent directly
to another DEA-registered facility, DEA-registered facilities
that receive or transfer cannabis from or to a non-registered
source, risk loss of their DEA registration and criminal
penalties.

State-Regulated Cannabis: Numerous states have adopted
initiatives allowing the medicinal use of cannabis and pro-
vide provisions for growing, accessing, possessing, and using
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cannahis. Additionally, Colorado and Washington approved
the non-medical use of cammabis in 2014, Regarding medi-
cal use, state regulations vary greatly, offen varying between
counties and municipalities, and often changing, Semetimes,
cannabis may be grown by a patient whe, based on a physi-
cian's recommendation, has been given approval to use can-
nabis medicinally. In other cases, designated caregivers cul-
tivate cannabis and supply products to individual patients,
or to members of a collective, Often, cannabis products are
made available to petients through dispensaries, In all cases,
the amount that can be grown or possessed is imited, with 2
variety of restrictions. Federal regulators have formally siated
they will only take action sgainst those not complying with
state vegulations governing the medicinal uge of cannabis
{Cole 2013}, while maintaining their authority to respond
when actions are deemed outside of compliance with state

regulations. Additionally, Federal policies contend that -

states do not have the Jegal right toregulate cannabis. Thus,
current exercise of federal policy is theonsistent with state
policy and also inconsistently enforced.

egally Traded Cannabis: By far the overwhelming major-
ity of cannabls vsed and traded in the United States is from
Hegal sources. Maost of this material 15 traded for recreational
purposes and lesser amounts are used for medical purposes,
either with somne basis of legal sanction or for unapproved
medicinal use. Federal regulators actively work to curtail the
illicit trade of cannabis.

In the Unmted States, it & estimated thit 17% of the
domestic cultivation of cannabis occurs indoors under
confrolled conditions (Gelman 2006). Cannabis is grown
i substantial quantities in every state within the US. lici
imports predominantly originate in Mexico and, to a lesser
extent, in Ganada. This illegal supply primarily fulflls the
illicit recreational market, but may find its way into medicinal
use {UNODC 2011,

State-regulated or Megally traded cannabis is supplied
frorn material produced either outdoos (in temperate, sub-
tropic, or tropical zones) or indoors throughout all climates.
indoor production of cannabis 15 concentrated in developed
countries, such as in North Armerica, Europe, and Oceania,

Cultivation

There is a plethora of information regarding the cultiva-
tion of cannabis. The following information provided is
specifically televant o the development of material to be
used medicinally. This information does nol take into con-
sideration any of the production methods specifically used
to enhance total THC content for recreational purposes, the
targe number of strains that are bred, or practices employed
for Rlfilling various recreational desives (e.g differing
organcleptic profiles).

The Ministry of Health, Welfare, and Sport in the
Netherlands developed s set of guidelines for the cultivation
of cannabis specifically for purpeses of medicinal use, all
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of which is grown indoors. The key guidelines are relevant
to outside growing as well and are provided below along
with additional information that can contribute to making
a quality medicinal product. There are advantages and
disadvantages with both indoor and outdoor growing.

Seed and Clone Selection

Selection of seed and clones is based upon both the strain
desired and growing environment. Growing from seed
results in a portion of the crop being male plants. This can
be avoided by starting with clones. Cross breeding of indica
and sotive straing has resulted in the hybrid commonly
known as “skunk” which is reporiedly 75% sative and 25%
indica and combines the high THC concentration of C.
sativa with the growth and yield of C. indica (UNODC

2009,

Plant Selection

All matedal to be propagated, whether from seed or clone,
must be identified to genus, species, variety, and chemotype.
Plants should be fraceable to origin and be free of pests and
disease as is practically attainable to ensure healthy growth.
Cuttings of female plants are typically used as propagation
material for the prodaction of cannabis in order to avoid
male plants. Restricting male planis prevents seed fertiliza-
tion, which allows the female plants to produce more flow-
ers and increased production of resin and caanabinoids.
Additionally, plants showing an anomalous concentration
of yellow coloring, reflecting a lack of chiorophyll, will not
be robust. This can result in misshapen leaves that can curl
and kurn into each other, and interfere with the growth of
the plant. During the entlire production process {cultivation,
arvest, drying, packaging), the presence of male plants as
well as different species, strains, or different plant parts must
be monitered and removed if present.

Soil and Fertihization

Cannabis prefers neutral to alkaline loamy and sandy soils,
with good water-holding capacity that is not subject to water
logging, and an optimum pH of 6.5-7.2. Tn hydroponic
growing, the nutrient solution is best at 5.8-6.0 (Cervantes
20063, Growing mediums for medicinal cannabis should
be free of contaminants, such as those introduced from
studge, metals, pesticides, and waste products not required
for appropriate’ growing, If manure s used, it should be
thoroughly composted and must be devoid of human feces.
Fertilizers should be ised in such a way that leaching is kept
to.a minimum.

Irrigation

Trrigation should be controlled and only applied according
to the actual needs of the cannabis plant to prevent over
watering. The water used must contain as few contaminants
as possible, such as fecal contamination, metals, herbicides,



pesticides and toxicologically hazardous substances (see
Limmit Tests).

Sexing

Under outdoor growing conditions, plants display all sexual
characteristics at approximately 8 weeks, and to maturation
from seed. These early, fully formed and receptive pre-flow-
ers are wsed to determinie the sex of the plants, o select seed
parents for breeding and for culling if desired. Flowering
can oeeur as eatly as 4 weeks and is dependent on strain and
environmental conditions (UNQDG 20695,

Male plants are generally culled, because of the relatively

Tow total THC content of the leaves compared fo the

‘inflorescences of the fernale plant and to prevent pollination

of ail plants {Chandra et al. 2013). Male plants can be tested

- for their concentrations of specific cannabinoids (e.g., high or

low-yielding THC or CBIY strains) and those plants nsed for
breeding depend on the elass of cannabinoids desired.

Outdoor Cultivation, Planting, and Matarity

in the Northern Hemisplere, outdoor cultivation of seeds
normally begins late March to early April {depending on
environment). Full maturity of the plant is typically reached
by 6-8 months {depending on variety}. The THCA content
increases as the plant matures, typically reaching s maxi-
mum at full budding stage, mamtaining maximum levels
for 2--3 weeks after budding, and declining with the onset of
sencscence. When grown from seeds outdoors, it is difficult
to ynaintain a constant chemical profile due to changing
envirommental conditions {Chandra et al. 2013), and so
some growers (e.g., the Netherlands) only produce approved
medicinal products from material cultivated indoors where
all conditions can be controlled. Autoflowering strains
mature from seed to harvest in approximately 75 days.
There are numerous advantages to outdoor cultivation.
Cannabis is relatively resistant to pests so pesticides are
seldom needed (MceParttand et al. 2000). Growing planis
in well cared for soil allows for a more natiral growing
environment, provides stresses that the plant would
experience in a natural environment, allows for natural
light cycles, does not require the intensive inveshment
in eguipient needed for indeor cultivation, and, when
done properly, is more ecologically sound. The primary
disadvantages of cultivating canmabis outdoors is the inability
to conlrot all growing conditions, many of which affect the
chemical profile, purily, and quality, potential for mold, and
logisties of harvest and processing. For example, changes
in weather may make it unfavorable to harvest when the
plant material has reached desired maturity level and
cannabinoid profile desired (Potter 2009}, or may introduce
moisture from rain or fog that could result in damage to the
plants when harvest is anticipated. According to one report,
cannabinoid and terpenocid profiles of outdoor and indoer
cullivated plants were similar if the crops were harvested at
the same stage of maturity, as denoted by complete style and
shgma SCnescence. However, as outdoor cultivabion requires

a longer growing season than plants enitivated indoors, there
is greater chance for fungal development (e.g, Botrytis spp.)
especially in Tegions with autumn rain or fog (McPartland et

al 2000; Potter 2009).

Indoor Cultivation

Indoor cultivation ocecurs in a variety of locations (base-
ménts, warehouses, converted grow houses, ete}. The prima-
ry advantage of indoor cultivation is that it allows for control
of environmental conditions that would otherwise influence
cammiabinoid profile. However, there are sumerous disad-
vantages to indoor growing, Due to fack of insect predators
normally abundant in ouldoor growing environments, can-
nabis grown indoors can be subject to insect infestation,
prinarily spider mites, This leads t growers ulilizing 2 host
of pesticides that can contaminate the medicinal material,
Soil composition and nutrient content and distribution in

- puichased compercial soil mixes may have significantly var-

ied nutrient density that can lead to rubrient deficiencies or
excesses that negatively affect the plant. With indoor grow-
ing, artificial lighting conditions may also cause burning of
the plant. The following parameters are considered critical
for indoor cultivation {Chandra etal. 20133,

Light: Cannabis requires high photosynthetic photon
flux density (PPFD) for phetosynthesis and growth. Because
photosynthesis prefers certain wavelengths, PPFD is a
more securate metric than simple irradiance (measured
in W/m?) or light intensity (measured in Lux or Lumens).
Chandra et al. 2008 report photosynthiests leveling off at
1500 pmol/m¥s PPED, Different light sources can be used
for indoor propagation, namely, fuorescent light bulbs
for juvenile cuttings, and metal halide (MH) and/or high
pressure sodium. (HPS} bulbs for established plants. MH
bulbs impart less PPFD than HPS bulbs per wait. Separate
ballasts are required to regulate MH and HPS bulbs. MH
and HPS bulbs should be placed 3-4 feet from the planis
to avotd everexposure. Photoperiods of 12 and 18 hours are
optimum for initiation of flowering and vegetative growth,
respectively, Ultraviolet (UV} light increases THO yields,
although Potter and Duncombe {2012) conclude that the
small inerease does not warrant haman exposure to UVB

Humidity and moisture: Humidity plays a crucial
role in plant growth, staring fom seed germination or
vegetative propagation/reproduction through budding and
harvesting. Juvenile plants require high humidity (ca. 75%),
vegetative cuttings require a regular water spray on the
leaves to maintain 2 high humidity in the microclimate
until the plants are well rooted, while the active vegetative
and flowering stages require 55-60% humidity (Chandra et
al. 2013).

Temperatore: The optimal temperature for growing
any given plant depends on its genetic origin and original
growth habitat. However, the photosynthetic maximum for
strains of tropical origin is 25-30 °C with a lower maxinum
of 25 °C for plants of temperate origin (Bazzaz et al. 1975;
Chandra et al. 2008; 201 1a).
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Carbon dioxide: Increased {doubled) ambient carbon
dioxide levels stimuiate both photosynthesis (50%) and water
use efficiency (111%) in cannabis, resuliing in increased
growth (Chandra et al. 2008; Chandra et al. 2011%}).(302
enrichiment has been used in cannabis glasshouses for more
than 35 years.

Lrrigation: The optimal amount and frequency of
watering needed depends on a variely of factors including
cnvironment, variety, and growth stage. Soil should be kept
evenly moistened during the early seedling and vegetative
stage. In established planis the top layer of soil should be
allowed to dry out before watering {Clandra et al. 2013).

Adr circulation: Regulation of gas and water vapor
exchange affects thermal conductance and energy budget
of the ieaf and ovérall growth and physiology of the plants.
Electric fans can be used to facilitate the cirevlation of air
{Chandra et al. 2013). Plants exposed to oscillating fans
produce stronger sterns, which lessens lodging in varieties
with heavy apical colas.

Seed Propagation

Seeds are typically planted in'moist aerated seil. Germination
usaally begins after 4 days with all seeds generally germinat-
ing within 15 days. For enhanced winter germination, seed-
ling heating mats can be placed under pots. A photoperiod
af 18 k of cool fluarescent lights should be used for seed-
lings. When transferred to larger pots, cool fluorescent lights
should be exchanged for fell spectrum lights. At the end of
the vegetative growth, the photoperiod can be reduced to
12 h to mitiate Howering, Flowers should emerge within 3
weeks {Chandra et al. 2013).

Soil Propagation Through Vegetative Cuttings

Cuttings from the lower branches of select fernale plants can
be used for vegetative propagation using a fresh segment of
branch (6-10 cm long) that contains at least 3 nodal seg-
mentis and planted in soil, a Hquid hydroponic medium, or
for in vitro micropropagation {Chandra et al. 2013

For soil propagation, cut a soft apical branch at a 45°
angle immediately below a node, immediately dip in distilled
water to avoid any air bubble formation in the stem, then dip
m reoting honrone {(e.g,, Green Light, US), and plant in pots
of a coco natural growth medium with equal parts of sterile
potting soil and {fertilome (e.g., Canna Continental, US).
Cover at least one of the nodes with soll. Irrigate regularly;
reoting occurs in 23 weoks; after 6 weeks, transplant into
larger pots. These can be maintained in a constant vegetative
state with 18 h light exposure (Chandra et al, 2013; Potter
200%9.

Hydroponics

A small branch consisting of a growing tip with 2 or 3 leaves
is vut and immediately dipped in distilled water, Prior to dip-
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ping the cutting in 2 rooting campound, a fresh. cut is made

just above the first cut. The cuthings are inserted one inch

deep into a rockwool cube or a hydioton clay ball support-

ing medium, Plants are supplied with vegetative fertilizer
formula (e.g., Advanced Nutrients, Canada) and exposed

to a diffused light: dark cycle (18:6) for vegetative growth.

Rooting initiates in 2-3 weeks, followed by transplantation

to a larger hydroponic system,

Mieropropagation

Seed raised plants are highly heterozygous due to the alloga-
mous nature of cannabis, while vegetative propagation of a

selected mother plant can only produce a certain number

of cuttings at a time, thus presenting difficulties when large

scale cultivation of cannabis is needed. Micropropagation

and tissue culture techniques have remendous potential to

overcome these problems, Direct organogenesis using nodal

segments and axillary buds is the most reliable method

for clonal propagation since it upholds genetic unifor-
mity among progenies {(Hartsel el al. 1983; Mandolino and -
Ranalli 199%; Slusarkiewicz-Jarzina et s]. 2005). An efficient
micropropagation protocol for mass propagation of drug
type strains using apical nodal segments containing axiilary

buds has besn reported (Lata et al. 2009a; 2009h) as well

as the micropropagation of hemp using shoot tips (Wang et

al. 2009). Somaclonal variation produced by formation of
calli is a fundamental siep for the genelic manipulation and

improvement in crops (Lata et al. 2002). Micropropagation

of cannabis through cailus production has been reported,

including production of toots through cannabis calli (Fisse

et al. 1981}, occasional shoot regeneration {Mandoline and

Ranalli 1999}, and bigh frequency plant regeneration from

leaf tissue dexived calli (Lats et al. 2010).

Genetic Integrily

Miecropropagation of shoot oips, axillary buds, and nodal
cuttings generally maintain their genetic fidelity. However,
tise of plant growth regulators and prolonged cultivation of
the plant can result in somaclonal variation (Chandra et al.

2013,

Diseases and Pests Associated with Cannabis Cultivation

‘There are a host of pests, bacteria, and fungi associated with
hoth indeor and cutdoor cultivation of cannabis. Generally
speaking, plants coltivated outdoars in a healthy environ-
ment are Telatively resistant to pests, so commercial pesti-
cides are often not needed (EMCIDDA 2012; McPartland et
ai 2000, and with indoor cultivation, most conditions can
be controlled.

In outdoor cultivation, small anirpals, such as birds and
tabbits can eat sown seeds and emerging greenery. Insects
and nematodes are not a significant problem in healthy
growing environments that mairtain healthy populations



Tia.

11e.

Figure 11 Cultivation of cannabis at the University of Mississippi
Ta-b. Micropropagated cannabis planis.

136.  Rooted plant.

1td.  Field-grown cannabis.

Photographs courtesy of: University of Mississippi, University, MS.
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Figure 11 (continued) Calt_iva_ti_m_\_ of cannabis af the University of
Mississippt . L :
1ie. Partially grown plants,

1 Fully grown plants,

Bhatographs coirtesy of: Usiversity of Mississippi, University, MS.

Figure 12 Common fungal contamination of cannabis ‘
Photographs courtesy of: WAMM, Santa Cruz, CA
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of natural predators. The primary concemn with outdoor
growing, in addition to security and weather, are mold and
fungi, which have been addressed in detail by McPartland
(19961, among Gthers,

In indoor culdivation systems, the primary pests of
concern are spider Thites, thrips, aphids and white flies.
Growers can use a host of natural {e.g., copper or sulfer
sprays, garlic [Allium sativum] and neem [Azadirachta
indica) solutions) or synthetic pest controls, while some
companies growing for medicinal preparations (e.g, GW
Pharmaceuticals, UK) control indoor pests with natural
predators. Application of any treatment has to be timed in a

manuer that allows the treatment agent to be cleared prior -

to harvest, as nse of commercial pesticides af time of harvest
can pose a health risk to consumers, and all reatments can
affect the organoleptic profile of the material.

Outbreaks of hepatitis associated with carmabis use have
been reparted in Germany {Cates and Warren 1975} and
Mexico {Alexander 1987), where human excrement was
used as a fertilizer. '

Harvest

Pre-harvest Considerations

Carmabinoids and terpenoids are predominantly biosynthe-
sized and stored in the trichomes of the plant (Mahlberg et

al. 1984; Malingre et al. 1973; Turner etal. 1980a), which are

at their highest deasities on mature inflovescences. Thming
of harvest can be determined based on chemical analysis of
the inflorescenices, specifically for those compounds that are

13a. ' 13b.

Figure 13 Maturation of cannabis inflorescences

13a. Maturing female inflorescence showing no styles and stigmas.

1ic.

13b. Semi-mature femaie inflorescence showing light-colorad styles and stigmas.
$3c. Matured fenale inflorescence showing shriveled reddish-brown styles and stigmas.
Phatographs courtesy of: (13a} WAMM, Santa Cruz, CA; (13b & ¢} @ 2013 David J Potter, Salisbury, UK.
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most desired (e.g., tetralydrocarmabinolic acid [THCA] and
canmabidiolic acid [CBDA]) or more usually through obser-
vation and organoleptic evahiation, Cannabineid ratios of
a particular strain of cannabis are genehically determined
(de Medjer et al. 2003), while cannabinaid levels (potency),
which are determined by biosynthetic pathways, are subject
to the influenice of age and environmental factors, particu-
larly tempersture, light, and humidity. In general, cannabi-
neid content reaches a maximum when inflorescences are
fully ripe and remain at this level uniil the onset of plant
senescence {Chandra el al. 2013 Potter 2009).

When ising analytical techniques for determining
optimal  harvest times, high performance liquid
chromatography (HPLC) or gas chromatography (GC)
are the most appropriate tools for quantitation of desired
compounds. ‘These 2 methodologies can give different

“quantitative values for the sarme plant, so consistent haselines
" with either method should be established to determine the

time of maximal potency. Thin layer chromatography
(TLG), promoted by commercial testing Iaboratories,
provides s qualitative comparison of cannabinoids, but
the method is not guantitative. High pedformance TLC
(HPTLC), can provide more accarate quantitative data
than standard TLC, butremains secoridary ko more aceurate
methodologies.

All stages of mabtmity are ofien present within an
inflorescence with mature flowers oceurring at the base of
the miflovescences and vounger, less mature Howers at the
apices or tps. Towards the end of the flowering process,
plant growth slows and fewer new floréts are formed within
the inflorescence.

Time of cannabis harvest depends upon which class
of compounds is desired {Potter 2009). Total THC content
varies widely with the particular strain and pari. Analyses
by the United Nations (UNODC-2009) report total THC

values as highest in the indlorescences (10-12%) followed

Figure 14 Glandular trichomes of Cannebis sativa showing THC-containing ducls at varioes stages of flowering
4. 2 weeks. '
Hb. 4 weeks.

e, 6 weeks.

144d. 8 weeks post flowering.

Photegraphs courtesy of: Uiniversity of Mississipgpi, University, MS.

26 American Herbal Phamacopoeia®™ » Carmabis Inflorescence © 2014



15¢. 15d.

Figure 15 Mechanical trimming of freshiy barvested cannabis inflorescences

15a. Hopper feeding freshly harvestad inflorescences into the trimmer.

15b. izaves extend through the openings and are fimmed by blades below the spinning chamber,
removing ~30% of subtending leaves.

15c. Trimmed inflorescences awaiting visual inspection befory final trimming by hand.

15d. Trimmed inflorescancas tumbie into cateh basin.

Photographs courtesy of: WAMM, Santa Cruz, CA.

American Herbal Pharmacopeeia® » Cannabis inflorescince © 2014

fo)




by the leaves (1-2%), stalks {0.1-0.3%}, and moots (< 0.03%).
Cannabinoids are alimost completely absent in clean seeds.

The ratio of THCA and GBDA is under strict genetic
control. Research suggests that the production of THCA or
CBDA, from the common precursor cannabigerolic acid
(CBGA), is closely controlled by 2 co-dominant alleles at a
singlelocus{de Meijeretal. 2003). As a result, cannabis plants
can be identified as belonging to any one of 3 chemotypes.
These can be THCA dominant (homozygous for the
- THCA synthase allele), CBDA dominant (homozygous for
the CBDA synthase allele), or contain an approximately
equal mixture of the 2 (heterozygous condition). Cannabis

today is almost entively derived fromy the THCA dominant

chemotype. The majority of seeds sold commercially for
the cultivation of recreational cannabis in Europe have
been found to be of the homozygous THCA chemotype,
- with z sinall inoiity being the heterozygous mixed profile
THCA+CBDA chemotype (EMCDIDA 2012},

Over the past 3 decades worldwide, optimization of
- growing techniques, domestic production versus importe_d
material, and selective breeding and cloning, among
other parameters, have focused on the devclopment of
increasingly potent THC-yielding strains. Production ofhigh
carinabinoid CBDA strains has been of mote Himited interest,
but breeding of CBDA-rich straing has been achieved (de
Meijer et al. 2003}, An inereasing number of heterozygous
mixed THCA/CBDA strains are being produced to provide
users with material with different pharmnacological activity
than the pure THCA type; however, this is an exception not
a rule in both legal and illegal cannabis production.

Optimal Harvest Times

The optimnal harvest time depends on the level of con-
stituentts desired and environmental conditions of the crop.
Some growers (eg, University of Mississippi) perform
analyses of their raw material daily to determine the optimal
time of harvest for peak THCA concentrations. Generally,
optimal hatvest time is when the inflovescences reach full
maturity {Chandra et al. 2013} Optimal harvest time can
also be determined visually when at leasi ~75% of the
stigmas tum brown and shrivel {senesce) (UNODC 2009).
With higher degrees of maturity, higher concentrations of
THC will be produced. However, when resin heads shift
from a clear or cloudy color to brown, this indicates the
conversion of THC to CBN (Potter 2009}

There are 2 primary ways te harvest inflorescences:
harvesting individual buds or branches as they ripen, and
harvesting the entire plant. When harvesting individual
buds or branches, the matare upper buds are harvested
first, usually by eutting approximately 38 em (15-inch) long
branch sections, while the lower branches are given mere
time o develop (Chasdra et al. 2013). Collecting when
buds ripen allows other buds hidden in the canopy to ripen,
a process that takes approximately 10 days, Buds closest to
the outer edges, capturing the most hght, typically ripen
first.
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Harvest is done in 4 primary steps: clipping a bud-
fitled stem from a plant; clipping the bud from the stem;
removing large leaves from the bud; removing small leaves
from the bud. Alternatively to harvesting individual ripened
inflorescences or branches, whole plants can be harvested
and hung upside down in a drying room. The Jarge leaves
are removed while the plant is hung and is fellowed by
a manicuring as described below, Diying or stovage in
unclean barns and other such areas can lead to significant
microbial contamination. '

Post-harvest Handling

Directly after harvesting, plant material must be processed

in a manner that protects it from pests and contaminants,
packaged in a manner that prevents damage, dried as soon
as passible to prevent chemical degradation, and protected

" front excess expostre o light and humidity.

Manicuring (rinmming): After harvesting the inflorescences,

the leaves mmmediately subtending the buds as well as any

dead leaves or stems are trimumed or removed. Manicuring
is best acconiplished when the inflorescences are fresh for
maximurm preservation of the trichomes, which when fresh,
are pliable rather than brittle: dry trichomes break off eas-
ily. Manicuring can be accomplished by hand trinvming,
machine tritmming, ot a combination of both.

Budding branches (rather than the entire plant) are
harvested and the buds are removed manually and the
subtending leaves removed either by hand or with a bimming

reachine. Machine irimming removes approximately 90% of

subtending leaves. If desived, the rest can be removed by
hand after the buds are fully dry.

At UM, buds are carcfully rubbed through different
sized screens (e.g., mesh of ~10{ strands per square inch} to
separate small stems and seeds. Automated plant processing
machines can also be used to separate large stemns from the
useable biomass.

Manicuring is sometimes done by working over a
sereen (mesh of ~100 strands per square inch} to allow for
collection of the trichomes that fall off in the manicuring
process, & technigue also used in the processing of hops. The
Joose trichomes {commenly known as “kief”), have very little
vegetation, condain high concentrations of cannabinoids,
and can be used in a variely of medicinal preparations.
The multi-fingered leaves sumounding the inflorescence
are often removed {commeonly referred to as “mm”), have
more glands than larger lower leaves, and yield a higher
congentration of cannabinoids. This post-harvest processing
should be conducted in cool temperatures with good air
circulation to prevent molding,

Diying

When dryving medicinal plants, great care must be taken in
the drying process {Chen and Mujumdar 2006}, both for
preservation of putative medicinally relevant compounds



15e.

figure 36 Drying cannabis

16a. Freshly harvested inflorescences drying on screens.

16b. Drying leaves to be used in tincture and edible preparations.
16¢. Moidy leaves.

16d. Hang-drying whole plants.

Photographs courtesy of: WAMM, Santa Cruz, CA.
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and to reduce the risk of rolding. Drying is usually done by
either culting the flowering tops from the plant or by hang-
ing the entire plant upside down in shaded areas.

In the production of medicinal cannabis at UM, a
commercial tobacco drying bam (eg., BulkTobac, Gas-
Fired Products, Inc., US), is used and material is dried at
40 °C for 1215 h. Prier to drying, larger leaves and stems
are removed from the mature buds, The buds can be
dricd whole or halved or quartered for quicker drving. The
material is fully dried when the central stem of the floral
cluster snaps, when bent, rather than remaining pliable
{Chandra et al. 2013).

Virying drying practices ave employed by state-approved
growing facilities. These practices are predominantly
designed to preserve maxiianm cannabinoid content and a
miyriad of organoleptic characteristics. Numerous references

“{eg, Cervantes 2006; Clarke 1981; Rosenthal 2010; among .
others) describe & multistep process of curing and drying

n much the same way that tebacco leaves are prepared.
When drying by hanging, diving is cornplete when the
leaves next to the flowering tops are brittle and the eentyal
stern gnaps. This takes from 24-77 hours, depending on
tempershure and humidity. The moisture. content of such
plants is usually 8-13% (UNODC 2009). Many growers
use fans and or heaters to maintain some control over the
drying envirenment. Following are commonly employed
deying practices.

fnitial Drying: After the inflorescences are harvested and ind-
tally processed {trimmed), they are typically placed in single
tavers in boxes, on breathable trays, or screens fiat allow for
steady afrflow in a wellventilated area. The nitial drying is
done for approximately 3 days ab 4 temperature of appred-
wiately 15-21 "C and a humidity of approximately 35% unti
the inflorescences reach 25% of thely original weight. Heatess
are typicaﬁy ;'equ.ired to maintain a consistent temperatuare,
fans are typically used W maintain & constant airflow, and
sometimes dehumidifiers are used to remove maoisture, Buds
that are dried too quickly retain a greater amount of chloro-
phyll, which changes the qualitative organoleptic characteris-
tics of the mnaterial {Corral 2012, personal communication to
ANP, wnreferericed}. Fixcess humidity encourages molding.

Reports from state-approved markets indicate a preference
for all but the tiniest leaves to be completely removed.
However, some statc-approved growers {e.g., in California)
congider it advanlageous to keep the suzrounding leaves intact
until the material is o be used. This creates a protective
covering that shields the trichomes from damage In storage
{Corral 2013, personal communication, unreferenced}.

Final Drying: After the initial drying process, the inflores-
cences are often placed in plastic bags or glass containers,
are initially closed and then opened every 12-24 1 for 1-2
weeks until the naterial is completely dried. This allows the
mioistre that remains inside the buds to evaporate. Dyying i
sufficient when the small stermn attached to the inflorescence
smaps easily. If the stem hends, too much moisture remains,
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When completely dried, the inflorescences contain approxi-
mately 10% moisture (Clarke 1981). If not propetly dried,
mold can form over a several month period and is evident by
smell, graying of color, a slippery feel, and loss of firrnness.
If dried completely in papsmither bags or on open trays, the
autside of the inflorescence turns brittle, while the inside
remains moist, increasing the potential to mold.

When drying, plants should be protected from fight and

- should be minimally handled as the inflorescences bruise

easily during handling. Bruised tissue will torn dark green
ot brown upen drying (Clarke 1981}, At 45-55% hurmidity,
buds will dry gradually over 1-2 wecks depending on
inflorescence size. Hurnidity can be lowered to 20-40% to
hasten drying times. Proper drying maintains the terpenoids,
which give cannabis its characteristic organcleptic qualities.
Improper deving, such as at high ternperatures, dramatically
alters the organoleptic: profile.. :

Over time, decarboxylation of the cannabinoid acids

- occurs in dried flowers. The process is expedited by heat.

Draring this period, cannabinoid acids decarboxylate into

‘the psychoactive carmabinoids, and terpenoid isomerize

create now polyterpenes with tastes and aromas different
from fresh floval chasters {Clarke 1981).

According to the Duich Office of Medicinal Cannabis
{OMC 2003), the moisture content of cannahis prior o
packaging must be between 5-10%. Dutch consurners have
veported a more pleasant flavor when the moisture content
of buds is approximately 3%.

In the UK, in one investigation, plants were spread
evenly on the floor of a wellwentilated drying room at a
depth of approximately 15 cm. Gas bumers maintained
a constant temperature of 40 "C to a moisture content of
approsimately 13% (+4 2%) and tock 24 h. In anocther
experiment, plants were hung from wires in the same drying
room at 30, 40, and 50 °C. Mean times to achieve a finished
molsture content of 15% were approximately 36, 18 and 11
h, respectively. Alternatively, the same cultivars dried in a
glasshouse crop drying faaility at 25 °C, but with different
ventilation, ook 4.5-5 days to reach the same moisture
level. These latter prolonged diying conditions resulted in
fungal and bacterial growth. Additicnally, plants initially
showing preliminary signs of fungal or bacterial damage
further deteriorated under these conditions [Potter 20004,

Packaging

In the Netherlands, packaging of medicinal materials is done
according to the European Pharmacopoeia Chapter 5.1.4
Microbiological Quality of Pharmaceutical Preparations
and Substances For Pharmaceutical Use. These guidelines
are specific to medicingl preparations wsed for inbala-
tion, specificalty o prevent microbial exposure. To reduce
microbial loads, Netheslands cannabis may be subjected to
gamma irradiation {dose < 10 kGy). Use of irradiation for
ingredients in the US requires specific approval. Ungerleider
et al. {1982), demonstrated that 1320 kGy killed bacterial
contaminants (Klebsiella, Enterobacter, and Enferococcus



spp.) in NIDA-sourced cannabis. In comparison, packaged
meat and poultry may be irradiated with 70 kGy.

Treatment with irradiation of other medicinal plants
(e.g., Digitalis, Ephedra, etc.) has been shown to negatively
effect constituent profiles {Samuelsson 1992) and in other
plant material to specifically lower terpenoid levels (c.g,,
cilantro, oranges) (Fan and Gaies 2001; Fan and Sokarai
2002). Thus irradigtion may similarly negatively affect the
general cornposition and specific terpencid profile of can-
nabis. :

Storage

‘Onece cannabis is properly dried, degradation of the primary
cannabinoids is negligible, if protected from air and light
and the material can remain active for many years. The UM

- produced material is stored in FDA approved polyethylene
bigs placed in sealable fiber drums. 1 stored for short peri-
ods of time, a storage temperature of 18-20 °C i used; for
tong-term storage a temperature of -20 °C is used. However,
some sources {eg., Clarke 1981) suggest that freezing dam-
ages frichomes. '

THG is especially sensitive to degradation by oxygen
and light (Chandra et al. 2013} and decarboxylation of
THCA to the active THC occurs in storage (Hazekamp
2007). Over time, the concentration of THC in cannabis
products decreases slowly, while the concentration of CBN
increases {Chandra et al, 2013; Ross and ElSchly 1999). In
one experiment, approximately 90% of the THC content
of dried plant material was still present after storage for |
year at room temperature in the dark (Fairbaim et al. 1976).
According to the same experiment, storage temperatures of
up to 20 °C had little effect on stability of THC. Further
evidence of cannabinoid stability was provided in an analysis
of 3 dried samples from the tumn of the 20th centusy,
which were stored at Toom: temperature with some possible
exposure fo light. The analysis detected trace amounts of
THC, THC acid (1.39-1.79%), traces of other cannabinoids,
and significant armounts of CBN (17.26-44.51%) and CBN
acid {7.19-10.95%) {Harvey 1990).

A number of popular sources {e.g., Clarke [981]
recommend against freezing. which cau cause the trichomes
to become brittle and break off with handling. For the same
reason, handling of dried material should be kept to a
rinimum, Additionatly, according to Fairbairn et al. {1976),
excessive handling of the inflorescences eauses them to
rupture exposing the cannabinoids to exidation cven when
protected from light.

‘The stability of a I40-year-old ethanolic cannabis
extract has been investigated (Plarvey 1983). Using gas
chromatography. it was shewn that, while traces of THC,
CBD, and CBC were present, most of the THC had
decomposed to CBN. Additionally, cannabitriels were also
present

Natural Contaminants and Adulterants

Due to its widespread cultivation, there is little concern
regarding adulteration of the plant itsell. However, the large
economic potential and illicit aspect of caninabis has given
rise to a mumber of reported potentially hazardous natural
contaminants or aritficial adulterants in crude cannabis and
cannabis preparations.

Natural contaminants: Several plant species have morpho-
logical characteristics comparable to Camnabis species,
e.g., Hibiscus cannabinus (kenaf), Acer palmatum (Japanese
maple), Urtica cannabina {an Asian species of nettle),
Dizvgotheca elegantissima (false aralia), Potentilla recta
(sulphur cinguefoil, rough-fruited cinquefoil), and Datisea
canmabina {false hemp), leading to occasional contamina-
tion of cannabis internationally {UNODC 2009). However,
these plants can be readily differentiated from cannabis by
inspection of their macroscopic and microscopic charac-
teristics. More commonly, natural contaminants consist
of degradation products, microbial {fungi and bacteria}
contamination, and heavy etals, These contaminants are
vsually introduced during cultivation and storage (McLaren
et al. 2008; McPartland 2002).

Adulterants: Growth enhancers and pest control chemicals,
intraduced during cultivation and storage, are possible visks
to the producer and the consumer (McPartland and Praitt
1999). There are anccdotal reports of the use of banned
substances such as dammozide (Alar), the degradation prod-
uct of which is the highly toxic hydrazine. Cannabis can
also be contarninated for marketing purposes. This usually
entails adding substances, e.g, tiny glass beads, to increase
the weight of the cannabis product, or adding psychotropic
substances, c.g., tobacco, calamus (Acorus calamus), and
other cholinergic compounds, to enhance the efficacy of
low-quality cannabis or to alleviate the side effects of can-
nabis (McPartland et al. 2608; McPartland 2008).

In the Netherlands, chalk and sand have been used
to make cannabis appear to be of higher quality, the sand
giving the appearance of trichomes. In the UK, similar
adulteralions have been made by adding glass beads with
a similar diameter to trichome resin heads fo canmabis
(Randerson 2007}, ln Germany, lead has intentionally
been added to strect cannabis to increase its weight. Lead
is readily absorbed upon inhalation and this adulteration
resulted in lead intoxication in at least 29 users (Busse et al.
2008). Additionally, in the Netherlands, 2 chemical analogs
of sildenafil (Viagra) were found in cannabis samples. In the
UK, other contaminants including turpentine, tranquilizers,
boot polish, and henna, have been reported (Newcombe

2006).

{n recent years, various products laced with synthetic
cannabinoids have appeared on the market These are
believed to mimic the effects of cannabis. These products
are known by various names (e.g.,, “Spice” and “K2") and
might be sold as “incense” or “natural smoking blends”.

American Herbal Pharmacopogia® » Cannabis Inflorescence » 2014 31




Like canmabis, some of these synthetic cannabinoids are
Schedule ? orestricled substances. The Spice blend is
repotted o contain synthetic cannabinoids with 2 mixture
of otherwise legal, safe, and non-psychotropic herbal dietary
supplement ingredients including: damiana ({Turnerg
diffusa), Chinese motherwort {Legnurus japonicus), and
water lily (Nymphaea spp.). According tv the National
Institute’ on Drug Abuse (NIDA 2012), those using some
of these vanious blends have been admitted to Poison

Control Centers and report “rapid heart rate, vomiting,

agitation, confusion, and hajlucinations. Spice can also
raise blood pressure and cause reditced blood supply to the
heart (myocardial ischemiaj, and m a few cases it has been
associated with heart attacks. Regular users may experience
withdrawa! and addicton symptoms,”

Qualitative Differentiation

Cannabis used for medicingl purposes should be as free
from foreign matter as practically possible (see Limit Tests).
Medicinal material should be free of mulds and bacteria
that have a high likelihood of pathogenicity (e.g. Aspergilfus
spp., F. ocoli (Q157:H7). Visible mold should be absent,
material should be free of siems greater than 1.5 em, only
subtending leaves should be pregent, material should he
free of metals to the degree allowed by a naturally oceurring
growing substrate, and free of pesticides and fungicides that
could present a health hazard to the consumer. Microbial
standards should be adopted based on thuse required for
nos-sterile pharmaceutical preparations for use by inhala-
tion (see Huropean Pharmacopeeta 8.0: section 5.1.4).
Color should be consistent throughout each sample and
should not show signs of gray ar black, which are indicators
of fungal infection.

For medical asers of cannabis, there is a balance
sought between organoleptic qualities (taste and aroma) and
medicinal effect, as well as a balance between THC- and
CBD-yielding cultivars. Many cultivators select, breed, and
process for thege varying qualities. For medicinal purposes
an optimal ratio between total THC, A% THC, and/er CBD
has not been definitively determined. Different health
conditions may respond differently to plants containing
different ratios of the 2 primary cannabinoids. For example,
evidence mndicates that CBD is responsible for some of the
putative anxiolytic and anti-schizoprenic effects of the plant
iMechoulam et al. 2002; Zuardi et al. 2002) while THC
has been associated with appetite stimulation (Dejesus et
al. 2007; Nelsow et al. 1994). The process of lrimming is
done both for vielding higher concentrations of THC and
for vielding more desirable, organoleptic qualities, since the
leaves possess a sharp and biller vrganoleplic characteristie.
A better organoleptic profile may enhance vompliance.

Dispensaries should maintain strict quality control
practices o ensure the purity and quality of their material
by contracting for testing with independent labs that
apply independently verified lesting methodologics and
fransparent testing standards. Individual growers and care
givers producing medical cannabis for personal use should
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employ good agricultural practices (GAPs) to the extent
possible in all aspects of growing, harvesting, drying, and
storage.

Sustainability and Environmental linpact

As all cannabis is derived from culfivated sources, there is
Titile visk of the plant becoming envirommentally threatened
uniess aggressive eradication programs are implemented
worldwide. Howéver, without development, implementa-
tion, and enforcement of Good Agricultaral Practices
{GAPs), both indoor and eutdoor cannabis cultivation can
have significant negative environmental and social impacts
(Montford and Small 1999}, EKnvironmentally, the illegal
diversion of water, clear cutting of trees, dumping of chemi-
cals, misappropriation: of state and federsl lands, and dis-
ruplion of sensitive ecosystetns are associated with outdoor
cultivation, while high carbon emsions are associated with
indoor prodaction. by North America, especially with crops
grawn indoors, part of this environmental impact is driven
by the itlegality of cannabis cultivations that requires growers
to hide crops. Others may choose indoor growing for greater
conitrol over crops and higher yields. The high-energy
intensive processes associated with controlling all aspects
of the indoors growing enviromnent has been estimated to
consume 1% of the national electricily use (Mills 2011},
Whether by regulation or choice, growers should apply
GAPs 1o cannabis cultivation.

In addition to the impacts of cannabis cultivation,
the manufactare of butane extracts poses significant risks.
A mumber of explosions and fires associated with home
cannabis extract production have been reported, some that
have included imjury. Industrial grade butane contains
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compounds that may not be desirable in finished products.
Extraction with CO, (sub- or super-critical) is preferred by
somé and is one environimertally safe extracting option.

Documentation of Sl.lp.ply.

For cannabis that is to be used in medicinal preparations.
cvery aspect of cultivation, harvest, processing, and storage
should be documented to the fullest extent possible. Various
county and state ordinances require adherence to specific
regulations that differ between locations for trade of canna-
bis among growers, dispensaries, and collectives. The Duteh
OMC provides the following guidelines for documentation
as follows (also see inset page 32).

Security {modified from OMC 2003)

The buildings in which cannabis is cultivated, processed,
packaged and stored must be sufficiently secured, only
allowing authorized personnel access to the buildings.
Personne) involved in the production process of cannabis
nmust be autherized for that purpese by the employer, Waste
st be stored in such a way that the potential for theft is
misinzed.

Suppliers and Dispensaries

Canrnabis products supplied by dispensaries should be
as fully characterized as possible with traceability and a
verifiable chain of custody o type of material, whethes
the plants were cultivated conventionally or organically, or
were indoor or outdoor cultivated. Procedures should be
implemented to ensure the absence of pesticides and raw
material and finished product should be characterized as to
its basic chemnical profile (e.g. THC and/or CBI content).
"This information should be made available to patients upon
request. Dispensary personnel should be appropriately
trained in how to process and handle cannabis to ensure
purity, maintain goality, and to morphologically identify
matesial. The cannabis committee of the American Herbal
Products Association (AHPA} has developed a set of draft
guidelines ouflining recommended practices for dispensa-
ries and cultivators 1o follow (AHPA 20132}, and Americans
for Safe Access (ASA) has developed an industry certifica-
fion program for dispensaries and cultivators (ASA 2013,

CONSTITUENTS

To date, more than 750 different constituents have been
identified in cannabis. The diversity of constituents encom-
passes numesous phytochemical classes, notably, canna-
binoids, and a host of other secondary metabolites. These
other compound classes include terpencids, nonanna-
binoid phenols, mitrogenous compounds, as well as other
more common plant compounds, all of which are non-
psychotropic. Carmabinoids are the mest studied and well-
known chemical constituents of cannabis. Of these, THC
has received the most attention, since it is- the principal
psychoactive component of the plant. Cannabinoid acids
lack psychoactivity. Therapeutic activity is not limited to
cannabinoids. Emerging research suggests that other minor
compounds (e.g., terpenoids) may also play a role in the
complex pharmacology of this botanical, either dirsctly or
through modulation of canmabinoid responses {reviewed
in Russo 2011) (see Table 6). Additionally, research on the
non-psychoactive acid cannabinoids has been limited due to
the overriding interest in decarboxylated THC {Mechoulam
2013, persanal communication, unreferenced).

Cannabinoids

Cannabinoids (CBs) are a class of more than a hundred
terpenophenclic compounds, most commonly associated
with the phanmacolagical activity of cannabis. Seversl main
structires are distinguished {Tabel 6}. The term “phytocan-
nabineids” {Pate 1994) has been used to designate naturally
oceurring caniabinoids in cannabis; howeves, the discovery
of compounds from other plants {e.g., Echinacea spp.) also
have CH-receptor activity and, thus, can be named “phy-
tocannabinoids.” A synonymous term “exocanmabinoids”
is used to distinguish phytocannabinoids from endocan-
nabinoids, the endogenous ligands to cannabinoid recep-
tors. “Classical” and “non-classical” canmabineids refer 1o
synthetic cannabinoid receptor agonists (Makriyannis et al.
2005} and indicate the relative degree of structural similarity
with phytocannabinoids, '

Cannabinoids mamly exist in the plant as carboxylic
acids and are converted to neutral analogs by light and heat
while in storage {Veress et al. 1990) or when combusted.
The alkyl group at the third carbon atom {G-3) is considered
an important site in substrate-receptor interactions (Loewe
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1944 Pertwee et al. 2010). This group is typically a pentyl —
for example, in A~ THC, cammabigerol (CBG), cannabidicl
(CBD}, and cannabinol (CBN}—Dbut can akso be a propyl,
in which case the compounds are named by attaching the
suffisc -varin to the name of the pentylated analog, eg.,
tetrabydrocanmabivarin (THCV), cannabidivarin (CBDV),
cannabigerovarin (CBGV), and cannabivarin {CBV).

Cannabis plants typically exhibit one of 3 main distinct-
ly different chemotypes based on the absolute and relative
concentrations of ATHCA and CBDA (after conversion
from the respective acids). Small and Beckstead (1973)
refer to these as drug-type, intermediate type, and fiber-type
plants. Plants with more rare chemical profiles have been
identified, including those predeminant in cannabigerol
{CBG) (de Meijer and Hammond 2005) or tetrahydrocan-

nabivarin (THCWY), and those lacking any cannabinoids (de

Meijer et al. 2009, for a total of 5 general types (Table 3).
The canunabinoid profile is affected rost by the plants
sex, genotype (de Meijer et al. 1992; 2003}, and maturity
{Small et sl. 1976), tollowed by environmental and other
factors, such as light intensity, light eyele (Valle et al. 1978),
ternperature (Chandra et al. 2008}, and fertilization (Bocsa
et al. 1997). Cannabinoids are produced in glandular
trichomes distributed across all epidermal surfaces of the
plants zerial parts in varying degrees. The distribution of
glandular trichomes and, hence, phylocarmabinoids varies
widely, from the lowest concentrations found in stems to
increasing amounts in large leaves, subtending leaves of
the inflorescences, the inflorescences, and to the highest
concentrations found in fernale Bower bracts.

Cannabinoids are highly lipephilic, permeate cell
mernbranes, and have the ability to cross the bloodbrain
barrier both when inhaled and ingested.

Following is a review of major and minor cannabincids
primarily associated with the psychoactive and pharmaco-
logical effects of cannabis. Not all compounds will be found
int every plant sample, and the ratios of the compounds will
vary. THC is generally the most abundant cannabinoid in
contemporary horticulture of cannabis, due to the focus
of growers on high THC yielding strains, specifically for
enhanced psychoactive effects.

Canunabinoid Acids

Cammabineids occur in living plants mainly in carboxyl-
ated form. Cannabigerolic acid {CBGA), derived from
olivetohic acid and geranyl pyrophosphate (Fellenmeier
and Zenk 1998), is the precursor of all other major can-
nabinoid acids—THCA, CBDA, and cannabichromic acid
{CBCA) —as well as their analogs and biegenic derivatives
(Yamauchi et al. 1968), Two THC acids are present in can-
nabis and differ in the position of the carboxyl group THC
acid-A (Korte et al. 1965) and THC acid-B (Mechoulam et
al. 1969}. Both are non-psychotropic and their pharmacolo-
gv is aimost unknown (Mecheulam 2013, personal commu-
nication, srireferenced), In fresh, unheated plant material,
virtually ne neuiral (non-carboxylated) compounds have
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been found {Verhoecks et al. 2(06), despite cannabineid
acids being readily thermo- and photolabile (Hazekamp
2007; Johnson et al. 1984). The THCA-A>THC ratio in
leaves and flowers of the female plants has beers reported o
be from 2:1 {these days rarely) to 20:1 and higher, depend-
ing on the variety {strain} tested (e.g., Brenneisen 1984; Pity
etal. 1992, among others), Higher THCA-A*THC ratios are
more typical and are often found even in dried, one-yearold
plant material (Wurzer and Dixon 2013, personal com-
munication, unreferenced). Heating for 5 minutes (min) at
200-210 °C has been reported to be effective for conver-
sion to occur, but slow decarboxylation oceurs also at room
temperature {Brenneisen 1984). An aqueous decoction of
cannabis (simmered for 15 min} retained a large THCA-A-
THC ratic (Hazekamp 2007},

Cannabinoid acids, including THCA, are devoid of
psychobropic effects (Burstein 1999; Dewey 1986). Medical

*users report health. benefits from modes of cannabis con-

sumption that do not use combustion or high temperatures
{certain kinds of foods, capsules, infusions, juices), thus pre-
serving most of the canmabinoids in their acid forms. Litde
specific pharmacological investigation of THCA has been
published to date, but immunomedulatory activity of THCA
has been reported (Verhoeckx et al. 2006},

Major Cannabinoids

A Tefrahydrocannabinel (A° THC) Type Phytocannabinoids

CTHC was isolated in 1964 {Gaoni and Mechoulam
1964a), and additional THCs were identified by 1980 {e.g.,
reviewed in Suurkuusk 2010, among others), iollowed by
almost 3 decades before a series of § A THCA terpenoid
esters were isolated from high-potency cannabis {Ahmed
et al. 2008b). THCA, commonly the primary cannabinoid
of this group existing in the plant, is synthesized fom
CBGA by THCA synthase, which is abundantly present in
glandular trichomes. A%THC is a product of THCA decar-
boxylation, usually formed viz degradation (such as during
storage) or healing (vaporization or combustion}. THCA is
typically the predominant cannabinoid in cannabis strains
that exhibit psycheactivity, but it also oceurs in low levels in
tiber-type planis (Table 3).

THC has a bigh affinity for cannabinoid receptors of
both type 1 (CB,) and type 2 (CB,}, and is thought to behave
as their partial agonist, similar to the endocannabinoid anan-
darnide (Howlett et al. 2010; Pertwee 2008). The primary
natural isomer, {(—}-tans-8~THC, displays a higher potency
compared ko the other isomers (e.g., {+)4rans-) or enantio-
mers {e.g, GRARMUTHC) {(Mechoulam et al. 1990) and
s used preferentially in clinical trials. THC has been used as
an anticmetic in chemotherapy-associated nausea and eme-
sis; as an appetite promoter, especially for AIDS and cancer
patients who are prone to severe weight loss due to anorexis
and anotexia-cachexia, respectively; as an analgesic, e.g., for
cancer, damaged nerves, migraine, spinal cord injury, post
operative, dental, and phantom limb pain; for tweatment
and symptom management of neurclogical disorders such as

WO



multiple sclerosis (Fox and Zajicek 2002; Rog et al. 2005).
Tis utility for treating glaucorua is limited by the high dosage
needed to lower intraocular pressure, and its short duration
of action in this condition {Buys and Ratuse 2010},
Tetrahydrocanmabivarin (THCV) is the propyl  homo-
log of AXTHC and usually cocurs In cannabis in minor
amounts, althongh THCVrich strains {up to about 16%
dry weight in selected inflorescences) have been developed
* (de Meijer 2013, personal conuaunication to AHP, unrefer-
enced). This cannabinoid i 5 CB, neutral antagonist at low
doses {Gill 1971; Thomas et al. 2005) and agonist at both
CB, and CB, receprors at high doses (Bolognini et al. 2010;
Thomas et al. 2005). Anticonvulsant, anti-inflamumatory,
and analgesic properties have been reported for THCV
(Bolognini et al. 2010; Hill et al. 2010). A recent study
reported anhoxidant and potential neuroprotective effects
of THCV in ai experimental Parkinson’s discase model in
mice, suggesting utility in the amelioration of Parkinsonian
symptoms, in-part via activation of CB, (Garcia et al. 2011).

Cannébidial (CBD) Type Phytocanmabinoids

Cannabidiol {CBD) and eamnabidiolic acid {CBDA) are
the main non-psychotropic cannabinoids in cannabis and
are the most abundant cannabinoids in Furopean hemp.
Cannabidiol was isolated in 1940 {Adams et al. 1940b},
with its structure determined in later studies (Mechoulam
and Shvo 1963; Mechoulam and Gaoni 1967: Petrzilka
et al. 1969}, Cannabidiolic acid, cannabigerolic acid, and
cannabinolic acid were first isolated by Mechoulam and
CGaoni (1965). To date, § CBD-type phylocannabinoids have
been identified (Shoyama el al. 1972a; Sirtkaniaramas ef al.
2007}

Carnabidiol lacks the cognitive and psychoactive prop-
erties of THC and displays u very low affinity for cannabi-
noid receptors (Thomas et al. 2007). Research has focused
on identifying CB- and CB independent mechanisms
of CBD action, Caﬁmbldml is known to be an agoenist at
serolonin (5-HT1A) receptors {Mishima et al. 2005; Russo
et al. 2005) and transient receptor potential \-’anillojd type
I (TRPV1) receprors (Bisogno el al. 2001; McHugh et al.
20190). Cannabidiol can also enbance adenosine receplor
sigialing by infihiting ademosine mactivaiion, suggest-
ing a potential therapeutic vole in pain and inHammation
(Carrier et al. 2006). Some of the pharmacological actions
of CBD inchude anticonvelsive, anti-inflammatory, anti-
oxidant, antipsychotic, hypnotic, and sedative {at very high
doses). The antioxidant and anti-imflammatory properties
account for the nenroprotective actions of CBD (Scuden
et al. 2009}, which could potentially be utilized for the
treatnent and symptom relief of a number of neurological
disorders, e.g., epilepsy and seizures (Hofmann and Frazier
2013; Jones et al, 2010), psychosis (Zuardi et al. 2006},
anxiely {Bergamaschi et al. 2011), movement disorders (e.g.,
Parkinson’s disease, Huntingtom's disease, and amyotrophic
lateral sclerosis) {de Lago ;mti Fernandez 2007, luvone et al.
2009), Alzheimer’s disease {Martin-Moreno et aI 20115, and
multiple sclerosis (Lakhan and Rowland 2009}, Cannabidipl

has demonstrated 2an exceptional tolerability m humans,
making it a potential candidate for clinical application or as

a lead compound for the development of cannzbimimetic

drugs (Mechoulam and Hanug 2002).

Cannabigerol (CBG) Type Phytocannabinoids

Cannabigerolic acid (CBGA) is a direct precursor to THCA,
CBDA, and cannabichramenie acid (CBCA)} (Gaoni and
Mechoulamn 1064b, 1966; Taura etal. 19953, 1995b, 1998}
It is typically present in cannabis only in minute ameounts,
though in some cannabis this class of cannabineids may
be dominant {de Metjer et al. 1992}, and cannabis plants

. that produce CBG as the primary cannabinoeid have been

cultivated {de Meijer and Hammeond 2005). To date,
16 CBGype cannabis constituents have been identified
{(DeBacker et al. 2009; EiSohly and Slade 2005; Turner ct
al. 1980b), including carmabigivarin (CBGV). CBGV is the
biosynthetic precursor of THCV and is reputedly found in
h;gher concentration ‘in some ferdl accessions from India
(Hillig and Mahlberg 2004; Vollner et al. 1969). While there
is little Tesearch to date on CBGV, there are indications of
anti-inflammatory action associated with THCV (Tubaro et
al. 2010 and activation of CB, receptors on mesenchymal
cells (Tzzo et al. Z009).

CBG-type cannabinoids are non-psychoactive catina-
binoids that generally act as weak ligands at both CB, and
CB, receptors (Costa 2007; Fisar 2009; Eisenstein et al,
2007, Gaoni and Mechoulam 1964h; Pollastro et al, 2011).
Cannabxgelcﬂ is a GABA uptake inhibitor with more potent
effects than THC or CBD (Banerjec et al. 1975). It is a
potent alpha,-adienocorticotrupic receptor agonist (Cascio
et al. 20109, a potent antagonist of hansient receplor poten-
tial cation channel subfamily M member 8 (TRPMS) (De
Petrocellis et al, 2008), and has been shown to have some
uptake-inhibitory activity at 5-HT1A receptors (Banerjee et
al. 1973; Raock et al. 2010}, This latter action is responsible
for countering the anti-emetic effects of CBD {Rock et al.
20107, Additionally, this cannabinoid has demonstrated
antimicrobial activity {Appendine et al. 2008], inhibited
proliferation of keratinocytes (Wilkinson and Williamson
2007) and cancer cells (Ligresti et al. 2006}, and was shown
to have greater analgesic activity than THC (Cascio et al.
2010; Lvans 1991). These aclions suggest that CBG may
have a therapeulic potential, e.g., a3 an antidepressant or for
the treahment of psoriasis {Wilkinson and Williarason 2007).
The prasence of CBG has also béen found in Heliehrysum
umbraculigerum (Woelkart et al. 2008},

Minor Cannabinoids
A Tetrahydrocannabinol (A%THC) Type Phytocannabinoids
This group has only 2 compounds, namely, {~}-A*THC
and (—}AStetrahydrocaniabinolic acid A {({(—)-A%THCA
A) ARTHC is stable in air, and s less psychotropic than
*THC, making it 2 viable option as a therapeutic alterna-
tive to A%THC. At low doses, AYTHC (0.001 mg/kg po)
is capable of inducing appetite stirnulation without psy-
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chotropic effects such as alterations in cognitive function
{Avralam et al. 2004},

Damnabielsoin (CBE) Type Phytocannabinoids

To date, 5 compounds of this type have been identified,
including cannabielsoin (Bercht et al. 1973), cannabielsoic
acids (CBEA} Aand B (Shani and Mechoulam 1970, 1974),
and 2 additional isomers (Hartsel et al. 1983). Cannabiekoic

acids and CBE. are not always found in natural sources and.

can be obtained by photooxidation or pyrolysis of natu-
rally occurring CBDAs and CBDs (Kueppers et al. 1973).
Rather, thesc compounds are found in processed cannabis
products such as hashish and way be artifacts of other
naturally occurring phytocanmabineids {Bercht et al. 1673;
Grote and Spiteller 1978a; Kueppers et al. 1973; Shani and
Mechoularn 1974), Cannabielsoin is fournid in maminals as
2 metabolite of CRD {Yamamotc etal 1988).

Cannabitriol (CBT) Type Pi]:ytosarmabinoids
{—+Cannabitriol was isolated from cannabis grown in Japan
{Obata and Ishikawa 1966). Other related cannabibviols
{e.g., 66,7, Wo-trihydroxytetrahydrocannabinol, 9, 10-epoxy-
cannabitiiol} were identified in pollen graing (Ross et al.
2005). Cannabidiclate, 9-0-CBT, was isolated from hashish
{Von Spulak et al. 1968§].

Cannabichromene (CBC) Type Phytocannabinoids

I the 1970s, CBC was reported o be the second most abun-
dant caninabinoid in sone strains of cannabis growing in the
United States (Holley etal. 1975), bui this may be attributed
te past difficulties distingnishing CBC from CBD. To date,
a total of 8 CBCetype phytocarmabincids have been identi-
fied {Radwan et al. 2009). Usually CBC is present in minor
amounts due to its biosynthetic enzyme being produced by
A Fecessive gone (dc Meijer and Hammeond 2005), althaugh
high CBC ])Ian’cs wave been selectively bred. This com-
potmd is also present in a higher concentration in fuvenile
cannabis plants, and may be concentrated into an “enriched
trichome product” {Potter 2009). More recently, cannabi-
noids of this type were isolated from high-potency carmabis
{Radwan et al. 2009} {concentrations not reported).

Cannabichromene interacts with TRPY channels, hav-
ing a strong affinity for TRPVI, but has poor affinity for the
CRB, receptor (Booker et al. 2009; Delong et al. Z011; De
Petrocellis et al 2011). The compound is known to produce
anti-nociceptive and anti-inflammatory cffects i rodents
{Davis and Hatowm 1983; Turner and ¥lSohly 1981; Wirth
et al. 19805, Three cannabinoids of this type have been
seported to have antimicrebial and mederate antieish-
manial activities, while lacking cytotoxicity agamst African
green monkey kidney fibroblast cell line Vero (Radwan cf
al. 2009},
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Table £ Content ranges of major and minor cannabincids in
cannahis and their degradation producis

0.1-25
6.0-1.6
D36
0.63-1.15
: O0-DBE
ARTHE 0.6-0.1

Source: Modified from McPartiand and Russo (2001) with additional data
from Fischedick at el, (2010} Fournier et al. [1987); Pitts et ai. {3892% Small

{19?9}, and Vegzkl st al, (1960}

Degradation Products and Artifacts

Cannabinol {CBN) Type Phytocannabinoids

Cannabinoids of this type are fully aromatized derivatives
of THC, aud, although they have been isolated from dif-
ferent cannabis extracts (Bercht et al. 1973; Harvey 1976;
Mechoulam and Gaoni 1965; Wood et al. 1896}, they ae
believed to be arhifacts {Bowd et al. 19753} obtained by non-
enzymatio oxidation of THC. Some of the reported levels in
dry plant material are summarized in Table 4. There are 10
known CBN-fype cannabinoids (Adams et al. 1940s; Cahn
1932, Chosh et al. 1940). The concentbration of CBN in
cannabis products (marijuana, hashish, and hash oil) has
been reported to increase during storage, while the THC
concentration decreases, but at a different rate {Ross and

ElSohly 1999},

Cannabicyclol (GBL) Type Phytocannabinoids

This group has 3 knewn compounds: cannabicyclol
{Glaussen et al. 1968; Korte and Sieper 1964a, [964h),
carmabicyclolic acid A (CBLA) (Shoyama et al. 1972b),
and cannabicyclovarin (CBLV) (Claussen et al. 1968; Viee
et al. 1972). The photochemical conversion of CBC into
CBL has been demonstrated (Crombie et al. 1968). Larger
amounts of CBLA were observed in cannabis harvested ear
lier, during the vegetative phase, and stored for prolonged
periods of time, compared with that harvested later, in the
reproductive phase {Shovama et al. 1968}, These observa-
tions prompted the conclusion that CBIL and CBLA are
not genuine cannabineids but actifacts produced by natural

irraciation of CBC and CBCA durmg storage (Shoyama et
al. 1972b).

Canpiabinodiol (CBND) Type Phytocannabinoids

Cannabineids of the CBND type are the fully aromatized
derivatives of GRDs {Lousberg et al. 1977; Van Ginneken
etal. 1972},




Table 5 Cootent of major terpenoids in the volatiie ofl freshly
extracted from cannabis inflerescences, as detormined by GC-MS
by various research groups

o-Pinens I.?%Hﬁ’i.ﬂ
B-Pinene ' 08795
fi-Myrcene B8.23-67.11
Limonens | 021638
Terpinolene : 0.12-23.8
cis-Ocimene. gos-1028
Linzloe! 7 ' 0.09-2.8

Caryophyilene 1.33-28.02
Humafene - 5281281
B-Eudesmol 002156
Caryophiliene oxide 03113
trairs-Nerolidol 0.6%1.72

Source: Compiled from Bertoli et al. {2018} Mediavilla and
Steinamann {1987); and Ross and EiSghly {1996},

Benzoguinone Type and Other Phytocannabinoids

Twe geranyla-pentyl-1 4-benzoguinones were isolated from
high-potency cannabis {Radwan et al. 2008b, 2009).
Cannabicitran was first synthesized {Crombie and Ponsford
1971) and subsequently isolated from Lebanese hashish
(Berchi and Paris 1974). Its structure was described by
Bercht et al. (1974). The isolation and identification of
cannabichromanone, dehydrocanmabifuran, cannabituran,
and 10-0xo-AFCTHE from hashish (Friedrich-Fiecht] and
Spiteller 1975} was followed by the 1solation of cannabichro-
manone-C3 {Grote and Spiteller 1978a) and cannabicouma-
ronone (Grote and Spiteller 1978h). ¢is-A“THC was found
in samples of confiscated cannabis (Smith and Kempfert
19773 Cannabiripsel was isolated from South African-grown
cannabis {Boeren et al. 1979). Cannabis grown i Thailand
{Meao strain) provided (+)-cis-A-isotetrahydrocanmabivarin
{Shoyama et al. 1981}, Cammabiglendol was isolated from
an Indian cannabis variety grown in Mississippi {Turner et
al. 1981). A polyhydroxylated cannabinoid, cannabitetrol,
was was also isolated frorn natural sources and identified
(EiSohly et al. 1984). The CC-MS analysis of hash il
{Morita and Ando 1984} led to the identification of frans-
{1R,3R,6R)-A-is0- THCV and frans-(1R, 3R, 6K} -is0-THC,
Three cannabichremanone derivatives (Ahmed et al, 20084)
and cannabicoumarononic acid A (Radwan et al. 2009)

were isolated from high-potency cannabis.

Terpenoids

The essential a1l (volatile oil) of cannabis is a blend of terpe-
noids, a term that encompasses terpenes and modified ter-
penes {where the methyl group has been moved or removed,
or oxygen atoms added). Approximately 200 terpencids have
been extracted from carmabis, primarily monoterpencids
(C,,H,, template) and sesquiterpencids {C | H,, template),

-as well as-div, and triterpenacids, megastigmanes, and apoca-

rotenoids. No terpenoids are unique t6 cannabis, but varicus
types of cannabis biosynthesize unigue terpenoid profiles
(Brenneisen and ElSohly 1988; Hillig 2004: Mediavilla and
Steinemann 1997). The gualitative and quantitative profile

‘of terperioids may vary between different batchies of the same

seed source (Fischedick et al. 2010).
Ester conjupates of terpenoid alcohols with cannabi-
noid acids have been reported as minor constifients in can-

. mabis extracts (Ahmed et al: 2008b). The biological profile
of these compounds is currently unknown, despite their

potential to act as pro-drugs of pre-cannabinoids.

Terepencids are primatily respnsible for the aroma of
cannabis, while cannabinoids, despite their terpenaid ori-
ging, are odorless.

Terpenoids produce a wide range of biological activity,
possibly including modulation of the effects of THG via their
own anxolvtic, sedstive, analgesic, antincciceptive, and
anti-depressant effects (reviewed in McPartland and Pruitt
1999; Russo 2011). Other actions of terpenocids include anti-
inflammatory, acetylcholinesterase (AChE} inhibition, anti-
oxidant, antibiotic, and anti-mukagenic (Maffei et al, 2011).

Terpenoids, together with cannabinotds, atkanes, and
other compounds, are synthesized inside glandular -
chomes via a common precursor, geranyl pyrophosphate.
Yields of cannabis essential ofl obtained from fresh plants
through steam distillation range from 0.05-0.29% v/iw and
may represent 10% of trichome content, varying greatly with
growing, drying, and harvest conditions (Hazekamp 2008
2009; McPartland and Mediavilla 2001; Potter 2009). Ross
and ElSchly (1996) demensirated the ephemeral nature of
terpencids in stored Aowering {ops. Freshiy-collected mate-
rial vielded 0.29% vAv essential oil; l-week-old material air-
dried at room temperature and stored in a paper bag yiclded
0.20%, a loss of 31%; l-month-old cannabis yielded {1.16%,
a loss of 45%; 3-month-old canmabis yielded 0.13%, a loss
of 55%. '

Monoterpenoids

Monoterpenoids typically predominates in cannabis, com-
prising 47.9-92.48% of essential oil extracted from fresh
plant material (Mediavilla and Steinemann 1997; Ross
and ElSchly 1996 (see Table 3). f-myrcene usnally domi-
nates the monoterpencid fraction in all types of cannabis.
Limonene or terpinolens predominate in some drug-type
plants {Fischedick et al. 2010, ferpinolene and a-pinene
predominate in some European fibertype plants {Bertoli et
al. 2010), and a-inene predominates in some Chinese fiber-
type plants (Hillig 2004). Other commeon monoterpenocids
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Tahle & Structure and activity of primary phytocannabineids

Primary psychetropic cannabinoid
Activates PPAR-y and TRPA1 at nano- and micramaolar concentrations, respectively
{Pertwee 2008). L
Analgesic via CB, and [B, agonisim (active at ~20-40 nM} (Rahn and Hahtnann 2008},
-Antiemetic (Haneay et al. 2007, Hollister 1971; Machado et al. 2008).
Anti-inflammatary, antioxidant [Hampson et al, 1998},
. Antipruritic, cholestatic jaundice (Neff at al. 2002},
Benefits ducdenal wlears {Douthwalte 1947,
" Bronchodilatory (Wililaims ot al. 1976}
. Muscle refaxani {Kavia et al, 2010). :
" ‘Reduces Alzheimar's sympiors {Eubanks et al. 2006; Voliver et al. 1987).

AN-Tetrahydrocannabino! (A5-THG)

THOT N SN
Cannabidiol {GBO) 0o ' :

Tr;e.a_tm&nt nf psynh_oms {anse atal 2007).

Non-psychotropic cannabingid

- Analgesic {weak} (Yurner et al. 1980b).
Anandamite reuptake inhibitor fweak) (De Petroceilis af al. 2008; Ligresti ot al. 2006}
Anti-inflammatory {Davis and Hatourn 1983}
Antimicrobial {Turner and £iSohly 1981},

Cannabichromene {CBC) TRPA1 agonist {De Petroceilis et al. 2008; Ligrest et al. 2008},
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‘Table & {contineed) Stracture and activi

hytocannabinoids

OH
W 2

HO
Cannabigersl (CBG}

Cannabinol {CBN)

B-Caryophyliens
Sasrce: Madified from 1zzo et b {2009}, Russo (2011}

: Nan—pwﬁhntmptc ca

Non-psychotropic cannabinoid

Analgesic via o-2 adrerergic biockade (Cascia et al. 2010).

Anandamide reuptake inhibitor (low migromalar range) agonist {Be Petrocallis et al.
2008; Ligrasti et al. 2008}

Anti-fungaf {E}Sohly et &l 1982},

Anti-inflammatory, snti-hyperaigesic (Bolognini st al, 2018}

Effective against MRSA {Appendino et al. 2008}

BABA uptake inhibitor (Banerjee et al. 1975).

Reduces keratinocytes proliferation in pseriasis (Wilkinson and Williamson 2007).

SHTIA antagonist, counters antiemstic sffects of CBD (ﬁeck et al. 2010}

TRPMS antsgonist {Da Petrosellis ot al. 2011} :

TRPV1, TRPAY, and cannabmnaé ggonist (De Petrocellis ef al. 2008; Ltgrasts et al. 2&06}.

et al: 21]13)

Non-psvchotro'pic eannatﬁnniﬂ
Anticonvulsant in vitro and in vive (Hifl ef al. 2010, 2012},

‘Non-psychotropic cannabing
Decraases. breasz can

Effgeiive agamst MRS (A
Reduces keratmacym '
Sadative {Musty at:
TRPV2 agorist for burns (L

Non-psychofropic sesquiterpene of the sssential oit
Common compound of many aromatic piants, Anti-inflammatary, antibiotic, antiox-
dant, anticarsinogenic, and iocal anaesthetic activities {Leandro et al. 2012},
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in cannabis inclade B-pinene, cis-ocimene, Fans-oCimens,
and linalooh.

B-Myrcene is recognized to have sedative, muscle-
relaxant {do Vale et al. 2002), anti-inflammatory, and
analgesic activities {Lorenzeiti et al. 1991; Rao et al. 1990).
Limonene, a precursor to other monoterpenozds and fairly
ubiquitous in nature (Norma and Asakawa 2010), 1s lnghly
hivavailable and has been suggested to be anxiolylic (d{)
Vale vt al. 2002), anticarcinogenic (Elson et al. 1997),
and radical-scavenging {Malhotra et al. 2009), while also
used to treat gastro-esophageal reflux and gallstones (Sun
2007). w-Pinene s one of the most widely encountered
terpenoids in nature, being especially common to conifer-
outs trees {Chalchat et al, 1985, Persson ot al. 1996). This
terpenoid is reported to have anti- inﬁamm&m}y (Gil et al.
1989}, bronchadilatory {Falk ot al. 1990}, and antibiotic
{ant-MRSA) (Kose b al. 2010) dcts\rms and is an AChE
inhibitor that may be of ase as a memory aid (Perry ot al.
2000). Terpinolene has been reparted to be a sedative (Ito
and Tto 2013) and antispasmodic (Rivazi et al. 2007) agent.
Linalool, common to lavender {Lavandulz spp.) and cori-
ander {Coriandrum sativem), has anxiolytic (Souto-Maior
et al. 2011), local anaesthetic, analgesic (Peana ct al. 2004),
sedative, and anticonvulsant (Karlaganis 2002} properties,
and is used as a topical treatment for buns {Gattefosse
1993). Pulegone is a minor tevpenoid in cannabis {Turner
et al. 1980b), and is also found in rosemary {Rosmarinus
officinalis), and possesses sedative (Miyazewa et al, 1997}
and angi-pyretic {Ontiz de Urbina et al. 1989) properties.
Tarner et al. (1980h) report proymiene in cannabis; it has
anti-microbisl properties (Kisko and Reller 2005) and is able
fr effect ACHE mhibition (Perry et al. 1996).

As with cannabis flavonoids, many of these proposed
uses are extrapolated from the same compounds in other
medicinal plants, with their relevance to cannabis effects
cqually unknowi.

Monoterpenoids are exceptionally volatile and par-
ticularly susceptible to loss during drying and storage. As
demonstrated by Ross and EiSchly {1996}, the relative
perceritage of monoterpencids in the essential oil fraction
gradually reduced from 9248 to 62.02% after cannabis
was dried and stored at room temperature in closed paper
bugs for 3 months. Specifically, for example, the content
of Brnyreene gradnally decreased from 67.11% 1o 32.88%
of the oil, while linalool increased from 2.80% to 5.07%,
and - and B-pinenes and limonene remained seemingly
unaffected {no statistical analysis was reported in the study).
However, none of the major {> (L1% of the total) com-
pounds decreased to unguantifiable levels.

Sesquiterpenoids

Sesquiterpenocids comprise 6.84%-47.5% of the essential
oil extracted from Fresh plant material (Mediavilla and
Steinernann 1997, Ross and ElSohly 1996). The primary
sesquiterpenoid in cannabis 15 usually f-caryophyliene. This
sesquiterpencid surpasses frnyreene as the overall predomi-

i American Herbal Pharnacopaeia® » Cannabis Inflorescence » 2014

nate lerpenoid in sorme fiber-type plants (Bertoli et al. 2010;
Mediavilla and Steinemann 1997). Carvophyllene oxide,
reportedly the velaiile compound sensed by drug detec-
tion dogs (Stahl and Kunde 1973), is commion to all can-
nabis strains. Other common sesquiterpenoids in cannabis
inchide o-humalene (e, a—carynphxllene'j trans-neralidel,

a-guaine, elemene, and isomers of famesene and bergamo-
tene (Bertoli et al. ZGID_ Fischedick et al. Z010; Hillig 2004;
Mediavilla and Steinemarm 1997; Ross and Elsohly 1996).

B-Caryophyllene is a dominant constituent in black
pepper (Piper nigram) and clove (Syzygium aromaticum).
It reportedly hag anti-inflammatory (Basile et al. 1988), gas-
trocyioprotective (Tambe et al. 1996), analgesic (Chelardini
et al. 2001), and anti-malarial properties (Campbell et al.
1997). This terpencid was demonstrated to be & selective
CB, receptor agonist (Gertsch et al. 2008), §-caryophyllene
and whumulene, which along with monoterpenoids myree-
ne and B-farnesene, predominates in hops (Humulus hup-
lus), imparts its carmabis-like odor. ‘

The relative levels of sesquiterpenoids may ineresse
after drying and in storage, due to loss of the more vola-
tile monoterpenoids. Prolonged storage of the matetial
characterized by Ross and ElSohly (1996) resulted in the
gesquiterpenaids content of 35.63%, compared with 6.84%
in the oil extracted from the fresh plant. The vontent of
Becaryophyllene increased from 1.33% to 3.45% after 3
months of storage of dried plant material, compared with
fresh plant (Ross and ElSchly 19963

Flavonoids

To date, more than 29 flavonoids have been identified
int canmibis (Clark and Behm 1979, ElSohly and Slade
2008; Ross et al. 2005; Vanhoenacker et al. 2002, can-
nabis flavonoids belong mainly to 2 classes: flavones (e.g.,
vitexh, apigenin, Isovitexin, huteolin, and orientin and
their O-glucosides) and 3-hydroxyflavones, or Havonels
{ec.g.. kacmpferol and quercetin). Clark (3978} examined
9 cannabis accessions grown m a common garden, and a
canornical analysis of flavonoid profiles separated diug-type
planis from fiber-type plants (see also Clark and Bohm
19793, Flavones act as phytoestrogens; Sauer et al. {1983)
report that a cannabis extract and cannabis smoke conden-
sate showed affinity for estrogen receptors in a heterologous
competition assay. The displacement of [*I]estradiol was
not doe to THC, rather apigenin was implicated.
Cannabis also biosynthesizes 3 unique prenylated agy-
cone flavanones, cannflavins A, B, and C, (Crombie et al.
1686; Radwan et 2l. 2008a). The cannflavins have only been
reported in studies of drug-type plants (Bamedt et al. 1985;
Crombie et al. 198{; Radwan et al. 20084;) and appear to
be absent in fiber-type plants (Vanhoenacker et al. 2002}
Cannflavins are potent inhibitors of evelooxygenase enzymes
and prostaglandin ¥.2 production {Barmett et al. 1985). The
cannflavins are structurally related to 8-prenylmzringenin, a
potent phytoestrogen from hops. The pharmacology of can-
nabis flavoncids was reviewed in McPartland and Russo
{2001}, who propose many potential uses, predominantly




extrapolating from research on numerous other medicinal
plants. Whether these uses have clinical relevance to can-
nzabis 1s unknown.

Other Constituents

To date, 527 compounds have been isclated from cannabis
{Appendino et al. 2011; ElSohly and Slade 2005). These
other compounds oecurring in cannabis incliade carboly-
drdtes {(monosaccharides, disaccharides, polysaccharides,
sugar alcohols, cyclitols, and armino sugars), amino acids,
amines {e.g., piperidine, hordenine, ammonia), non-can-
nabinoid phenols (spiro-indan-type, dihydrostilbene-type,
cannabidihydrophenanthrene derivatives, simple phernols,
simple phenolic glyeosides, and phenol methyl esters),
simple alcohols, aldehvydes, ketenes, acids, esters, lactones,

. steroids {phytosterols and brassinostercides), vitamins,

xanthones, ¢oumaring, and pigments. Two unique sper
midine-type CZl-alkaloids, (+}-carmabisativine (Tumer
et al. 1976} and anhydrocannabisativine (ElSohly et &l
1978), lave been found In cannabis and are reviewed in
Mechoulam (1988),

Among the 527 compunds, some predominate in
achenes or rools, and are marginally relevant to flowering
tops. These include amides, fatty acids and their esters
{oxvliping), quaternary bases (e.g., choline, trigonelline],
and proteins.

Pharmacological effects have been established for
many of these compounds. Notably, B-sitosterol, a phy-
tasterol ubiquitous in the plant kingdom and found in
cannabis {Mole and Twmner 1974) and cannabis smaoke
{Adarns and Jones 1975; Foote and Yones 1974), was shown
to reduce topical inflammation and chronic edema in skin
models {Gomes et al. Z008). A group of unique stilben-
oids, canniprene and its spiranized {cannabispiransj and
quinoid {denbincbin) derivatives {Turmer et al. 1980b),
were shown fo have anti-inflmmatory, antibacterial, and
antifungal activities (Flores-Sanchez and Verpoorte 2008;
Pagard et al. 2013). Whether these actions are of clinical
relevance remains to be determined.

ANALYTICAL

There are a number of analytes of interest in cannabis.
Historically and presently, the guantitation of THC has
been the focus of greatest inlerest. In recent decades, other
canrabinoids have gained interest (e.g., CBD, THCV) due
to their therapentic benetits, as have terpenoids. Gas chro-
matography (GCJ has been the primary methodological
technigue used for federal regulatory and toxicelogy purpos-
es (e.g., ElSohly et al. 2000; Mehmedic et al, 2010, among
others}. Generally, there are a host of non-standardized,
non-validated methods across several analytical platforms
being used that give a wide range of total or THC values
withy unknown reliability. Thus, there is a need for standard-
ized and vatidated testing methodelogies.

THC is present only at very low levels in frésh or dry
plant material. This compound is derived by decarboxyl-
ation of the naturally occuming non-psychoactive THCA
during storage {small amounts) and heating {e.g., more
complete decarboxylation when smoked} {Sirikantararnas
et al. 2004, Yamauchi et al. 1967). In absence of a specific
legislative directive regarding THC quantification, it is most
common to quantify “total THC” (TRCA + THC), as this
best represents the potential activity asseciated with THO.
Totzl THC content more, closely reflects the amount of
THC potentially yielded when smoked. Because of this,
many legal systems consider total THC content as the pri-
mary guantitative value desived.

Decarboxylation from THCA to total THC can be
achieved prier to and during analysis. Decarboxylation prior
to analysis can be accomplished by placing a plant sample
that has been éxtracted into a solvent into a heating block
at 150 °C in an open glass vial, When the extrachion solvent

- has evaporated, decarbosylation can oceur within 5 min;

liowever, individual analysts need to validate this process in
their own laboratories (UNODC 2609}

During GO analysis, a sample elutes through a column
within an oven, which decarboxylates most of the THCA
into ‘THC. Therefore, GO typically measures total THC.
However, if the goal of the analysis is to quantify both THCA
and THC by GC, prior derivatization is required (UNODC
20091, Additionally, varied degrees of decarboxylation can
oceur during injection i some GO systerns, and high injec-
tion termperatures in the liner may cause a decomposition
of THC. Decarboxylation may be partial, complete, or
inconsistent depending on the temperature and geometry of
the injector. Therefore, i decarboxylation is not performed
prior to analysis, the specific gas chromatograph systemn and
analysis conditions must be validated 1o ensure that com-
plete decarboxylation of THCA is attained witheut undue
decompesition of THC (Dussy et al. 2005; UNODC 2009).

High Performance Liguid Chromatography {HPLC)
is also applicable for the quantification of cannabinoids.
HPLC allows for the quantitabion of the naturally occur-
ring acid compounds, as well as the neutral forms, as both
acids and neubals are defected, and the peaks for both com-
pousids can be added together for “total THC” or individual
cannabinoids can be quantified. HPLC is therefore the
optimnal testing methodelogy for quantifying the authentic
plant compoumds prior to decarboxylation.

Thindayer chrematography (TLC) is predominantly
of value for the identification of cannabis. Currently, there
are o validated TLC or high performance TLC (HPTLC)
methods for the quantitation of THC that give results equal
to those obtained from LC or GC analyses, although, some
commercial laboratories are attempting to do so.

Some US states that have legalized the use of cannabis
for either medicmal or non-medical uwse have proposed
mandates requiring quantitative analysis. Both growers and
dispensers are making claims of varying quantitative values
of THC, other cannabinoids, and terpenoids in herbal can-
nabis and associated products. However, as cannabinoeids
are closely related in structure and molecular weight,
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adequate chromatographic separation of these molecules
is requisite to accurately reporl quantitative valves, For.
example, Debruyne et al. {1994} compared TLC and HPLC
to their gold standard: capillary column GC-MS. Analysis
of a single cannabis specimen produced different quantita-
tive peak sizes using these three methods. With GCAMS,
THC=CBD=>CBN; thh HPLC, CBN=THC=CBD; with
TLC, CBN>THC=CBD,

With appropriate sample preparation, analytical meth-
ods can be applied to & variety of cannabis preparations
(foods or topicals), extractions {Hnctures or oils), or con-
centrates; however method extensions must be performed

for various matrices. To aid laboratosies in the analysis of

cannabis, the cannshis committee of the American Herbal
Products Association (AHPA} developed a set of deaft guide-
lines outlining recommended practices for labs to follow
(ATTPA Z013D), and Americans for Safe Access (ASA) has
dexe oped laboratory ccrhﬁaat;on progam {ASA PFC

Lasﬁy_. and of significant imporfance in the analysis
of cannahis, is to employ a formal sampling protocol (e.g.
[OMC] BMC 2010; WHO 1998 among others) to assure
the sample being tested is representative of an entire bateh,
This is critical, as desing decisions either for medical or
non-medical use can be based on claimed potencies, and
there can be significant variation in consfituent concentra-

tion between plants and even within a single plant iiself. For

cannabis, the sampling program being applied may differ
between products being tested (e.g., raw material versus
extracts). For crude cannabis, specific guidance is provided
by the Bureau voor Medicinale Cannabis {BMC] mono-
graph of the Netherlands {{ OMC] BMC 2018).

Thin-Layer Chromatography Characterization
of Cannabiz and Its Major Cannabinoids

The following method was developed by the University
of Mississippi and provides a characteristic fingerprint
that can be used for the identification of cannabis and its
primary canmabinaeids as well as distinguish between THC-
dominant, CBid-dominant, and fiber types. Two different
reagents for visualization can be used. Both identify the pri-
mary cannabinoids, and either of them can be used for pur-
puscs of basic identification of crude cannabis plant mate-
rial. Additionally, sorne different bands are visible with the 2
reagents. Thescfore, examination using the 2 reagents allows
for & more complete visualization of cannalis comipounds.

Sample Preparation

Weigli approximately 100 mg of dried powdered canaabis,
and extract by maceration with sonication in 10 mL dichlo-
romethane for 1 h. Fitter the extract and evaporate the
solution under nitrogen. Redissolve the residue in methnol,
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adjusting the concentration to 10 mg/mL.

Decarboxylation of Cannabineid Acids (optional)

To decarboxylate canmabinoid acids {e.g., to convert THCA
to THC), heat the dried plant extract at 120 °C for 2 h* and
adjust the concentration to 10mg/mL as indicated above.

= Allematively, heating at 230 °C for 15 min can facilitate sufficient decar-
Boxylation,

Tshie 7 R values for cannabinoid standards

CBG B X
CAME 0
CEN - .28

oBeT

CBD . 8.40
THOV. O L aml
£"-THEA 0.61
CBDA o uw

Note: Die to ifs relatively high concentration in drug type samplss, A%THG
ean overlap with CEN, CBN ig & degradetion sompound of ARTHC.

Standards Preparations

Cannabinoid standards are dissolved in methanol at 2 con-
centration of 1 mg/mil..

Note: All canmabinoid standsrds utilized i the development of His yethod
were isolated at the Uniiversity of Mississippi. There is limited availability of
commcrctlly prepared cannabinoid standards.

Standards Solution Stahility

CBD, CBG, and CBN are stable in methanol, both at rooms
ternperature and with freezing, THC, THCV, and GBC metha-
nolic solutions ate stable only when frozen and acid compeunds
are only stable in a freezer, Due to their instability, acid com-
pounds should be prepared cool and stored and shipped frozen.

Reagent Preparation
Fast Blue reagent: Dissolve 0.5 g Fast Blue B salt (MP
Biochemicals, LLSY in 100 mL distilied water,

Vanillin/H2504: Dissolve 6 g vanillin in 90 mil. ethanol
{95%). Add 10 mL of 98% H,SO,. This reagent is relatively
unstable and is best to use fresh each tirse.

Chromatographic Conditions
Stationary Phase:

CI8 (UV 254) TLC plates 150 pm, 10 ¢ x 10 em (Sorbent
Technologies).



Figure 17a TLC chromatogram of cannabis and its primary can-
nabinoids {Fast Blue reagent, white light}

1 2 3 4 5 86 7 & 8 10 1 12

Figure 178 TLC chromatogram of cannabis and its prtmary can-
nabinoids (Vanillin/H2504 reagent; white light]

1 2 3 4 5 & 71 8 § 10 1 12

Figure 176 TLEC chromatogram of cannabis and its primary can-
nabinoids (UV 254 nm}

1 2 3 4 5 6 F B 9 16 11 w2

Discussion of chromategrams
(bservaiions (Fast Blue reagent; white light)

17a) In the cannabis THC drug type, the most prominent
visible bands are those for AYTHC, and THCA with ¢
primary bands in the upper Rf region, including CBDA. In
the intermediate type, the most prominent visible bands are
those for ASTHC, CBD, THCA, and GBDA with additional
bands showing for CBC in the lower Rf; unknown bands
in the middle R; and 3 bands in the upper RE, including
CBDA. In the cannabis fiber type, the pattern of banding -
is very sirnilar to the intermediate type, but reflects a much
lower concentration of THCA and 5 similar concentration
of CBD and CBDA. When subjected to decarboxylation,
a degradation of a nomber of the original cannabinoid
acids occurs, leaving characteristic bands for A“THG and

~ CBD and a faint band for CBG. THOA-dominant types

are most often notably. lacking in CBD, while fiber types
yield very low concentrations of ATHC and refatively high
concertrations of CBDA. Thus, these 3 clearly delinented
types can be readily distinguished. However, other matevials,

* which are highly crossed, may not be readily distingnished.

176) All standards (Lanes 1, 2, 6-11} appear as purple bands
with varying intensities. In the cannabis drug fype (Lane 3),
the most promoinent visible bands are those for THCA (R,
0.61) and ASTHC (R, 0.26}. In thie intermediate type (Lane
4, the most promiinent visible bands are those for CBDA,
THCA, CBD, and AVTHC, T the cannabis fiber type (Lane
5, the strongest bands are seen for CBDA and CBD. In
the decarboxylated intermediate cannabis type (Lane 12),
the only visible bands are for A>THC and CBD due to
decarboxylation of the cannabinoid scids by heating,

17¢) All cannabinoids are of varying intensities, THCA (Lane
23, CBDA (Lane 6), CBC (Lave &), and CBN {Lane 10
are more intense than the others. In the cannabis drug type
(Lane 3), 2 sirong band is seen at the position of THCA, [n the
intermediate type (Lane 4), the most propiinent visible bands
are those for THCA and CBIDA, while in the cannabis fiber
type (Lane 5), the band for CBDA i most prominent. In the
decarboxylated intermediate canrabis type (Lane 12), a band
corresponding to CBN occurs in the lower third R, (0.3),

Figure 17a-c lane assignments

Lane 1. A%-THC

Lape 2 THCA

Lane 30 THOU-type cannabis

Lane &  Intermediate-type cannabis
Lane & Fibertype cannabis

Lsne B CBODA
tane 7. CBD
tang 8. CRC
Lane® CBG

Lane 10: CBN
Lane #1: THCY

Lang 12: Cannabis intermediate type decarboxylated (UM}
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Meobile Phase:
75.25 {viv} methanol/water with 0.1% glacial acetic acid.

Sample Application

Apply 5 pl. of the sample preparations and 2 pl of the stan-
dards preparations on the plate as 5 mm bands 2 mm apart
from each other. The application position: should be 8 mm
from the lower-edge of the plate and at east 15 mm from the
left and right edges of the plate. For visualization using both
reagents, separate plates should be prepared.

Development

Line a flat bottorn chamber (14 cm x 14 cm x 8 cm) with
a filter paper or chromatography paper. Add a sufficient
amaimt {~25 mb) of the Mobile Phase solution fo ensure
that the Fiter paper is covered to & a height of at least 5 mm,
and let satarate for 15 min. Measure and mark on the plate
the developing distance 60 mum from the application posi-
fion. Introduce the plate into the chamber, and allow the
developing solvent to lcach the mark. Remove the plate and
dey for 2 min at 70 °C iy an oven.

Detection

Visualize the plates under UV 254 nny, then spray one set
of the plates with the Fast Blue resgent and the other set of
plates with the vanillin/H SO, reagent, followed by visualiza-
tion under white light. For basic identification of the primary
cannabinoids, either reagent can be used.

Results

See Table 7 and refer to the chromatograms provided
{Figure 17a—c).

High-Performance Liquid Chromatography
(HPLC) for the Determination of Major
Phytocannabinoids in Cannabis

This HPLC method was adapted from Swift et al, 2013) and
can be used for quantitation of THCAA, ASTHG, GBDA,
GED, CBCA, CBG, and CBN in cannuabis preparations.
The method was adapted from an earlier method developed
by DeBacker et al. (2009), which also quantified ALVTHC.
The original methed of DeBacker et al. (2009} was validated
for cammb:s raw material and fully validated using total
ervar approach i accordance with 15017025 and the guicle—
lines of the French Society of Pharmaceutical Sciences and
Techniques (SFSTP). This modified and optimized rmethod
of Swift ctal. {2013) was subjected to validation for selectiv-
ity, lincarity, accuracy, precision, and recovery according to
the US Food end Drug Administration {F'DA}) puidance for
bicanalytical method validation (FDA 2001).

With appropriate modifications in sample preparations,
the same chromatography can be used for the analysis of
other cannabis materials {i.e. concentrates, extracts, foods}.
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However, the tobusimess of this chromatography when
applied to varicus matrices tequires further validation (e.g.,
recavery, spiking experiments). '

Sample Preparation

Crude Cannabis

Test samples are dried for 24 b in & 35 °C forced ventila-
tion oven. Dried samples are ground o a fine powder. 200
mg of the sarple is weighed in & glass vial and extracted
with 10 mL of a mixture of methanol/chlorotorm (vi: 9:1)
by sonication for 30 min. The extract is filtered into an
amber vial and diluted with methanel/chloroform solution
(vfv: 9:1) to & concentration of 1:10. A 100-pL aliquof of
the dilution is evaporated under a gentle strean of nitrogen
and re-dissolved in 100 pl of a mixture of water/acetoni-
trile {vAn: 5/5%

Maote: Tor analysis, the UNODG (2009) recanmpends fiat erude cpnnabis
be drigd to a finished moisture content of §-13%, pulverized, and sleved
throngh a L mmsieve. The UNODC provides.the following saruaple preps-
rations for different matrices. This specific method was not validated with
these matrices, bitt these puidelines may be nseful to the wnalyst

Sample Preparation of Cannabis Resin

Crate into small pieces to a particle size of approximately
I mim, or if sticky, cool with fiquid nitrogen, pulverize, and
sieve through a 1 mm sieve (UNODG 2009). Dissolve 50
myg in 10 mk of a mixture of methanol/ ehloroform (vhv: 9:1)
by sonication for 30 min.

Sample Preparation of Cannabis Oil

For HPLC analysis, canmabis of] requires no prior prepara-
tion. Dissolve 50 mg in 10 ml of a mixture of methanol/
chloroferm (vfv: 9:1} by sonication for 30 min.

Standards Preparation

The availability of cannabingid reference materials varies
due to federal legal restrictions. A variely of cannabinoids
are sold pre-diluted at concentrations of one mg/ml or less.
Stock selutions for the standard curves are prepared across
a broad range of cencentrations to nccount for variable
concentrations of cammabineidds, For aceuracy, it is necessary
to include at least 4 points in the standard curve. Standards
should be rum with every sample set and a relative bias not
greater than 10% should be achieved. Limits of quantitation
{LOQ} should be established using 2 calibiation cuive cov-
ering a range from 0.5 pg/mL to 100 pghnl..

Internal Standard

Diazepam (30 mg/l.). Thazcpam is a schedule IV controlled
substance. Use of an alternative internal control, such as
methyl or propylparaben (e.g., 30 mg/.), should be validat-
ed for acceptable recovery and chromatographic separation.




Standard Stability

CBD, CBG, and CBN are stable in methanol, both at room
temperature and with freezing, A% THC, THCV, and CBC
methanalic sohttious are stable only when frozen and acid
compounds are only stable in a freezer. Due to their instabil-
ity, acid compounds should be prepared cool and stored and
shipped frozen.

Linearity Range

THCA 0.9368 005
ATHC 0.9940 .85
CBDA 0.9939 0.08

CCBD 0.5851 T B
CRGA 08948 . 0.05
6BE pagse o0
CBN 09817 0.05

r=epeeficient detrmination, L =Linedt of Qremititation: LODRLimit of Defection

Note: Thiz ethad was ot validated for quantitation of ARTHC.

Storage of Reference Standards

For long-term storage of reference standards, store at 20 C
protected from light and air. When properly stored, refer-
ence standards are stable for up to 12 months.

Chromatographic Conditions

Apparatis:

Validation was performed on a Shimadzu ADVP module
(Kyoto, Japan) equipped with a SIL-10 autoinjector with
sample cooler and L.C-10 in-line vacuum degassing solvent
delivery unit.

Column:
Waters X-Bridge CI8 (4.6 mm x 150 yumn, 3.5 pm) reverse-
phase column (Waters, Australia} coupled with 2 l-mmn

Opti-Guard C18 pre-column (Optimize Technologies,
Alpha Resources, Thornleigh, Australia).

Column Temperature:
30 °C.

Tnjection Volume:

30 gL

Mohile Phase:

A, 50 mM ammoenium formate (adjusted to pH 3.75 with
10% aceloniirile)

B. Q0% acetonitrile.

Time (min) B in A (%)
a 7o
15 90

30 90

EX I
44 70
Flow Rate:

1 mL/min.
Detection {diode array detector):

#ull specira monitoring from 190-370 nimn is recommended.

Non-acidic cannabineids are typically detected at approxi-

mately 228 am and acidic cannabinoids at approximately
270 nin. Note: The validation was performed using a photo-
diode array detector. For routine use, a standard UV detector

is suitable.

Run Time:

30 min.

Postrun Tiimne:

6 min.

Note: CBD and CBG peaks may shightly overdap H present in high concentra-
fions {> 10%).

(Juantitation

Irect each standard preparation and generate a standard
curve based on the peak area vs. concentration, as a ratio of
standard to internal standard.

Cannabincid contents in the sample are quantified using
the linear equation based on least squares regression for each
cannabinoid compound: (y = mx + ¢)

where:
X = concentration of the individual cannabinoid in the
sample {pg/mlL);
y = peak area of the invidivual cannabineid;
¢ = calculated y-intercept of the calibration curve;
m = caleulated slope of the calibration eurve.

Using the concentration from the equation {y = mx +
¢}, total content (C ) in the sample can be calculated as
a sum of the concentrations of the neutral (C_,,) and the
acidic (Cq.,,.) components. A convession factor of 0.877 is
used for adjustment of the molar masses of THCAA and
CEBDA; a conversion factor of 0.878 is used for CBGA; both
after decarboxylation. These conversion factors may not
apply for other cannabinoids:

Cnar = Come + Coen X 0877

CaYA

The individual cannabinoid content in the material is
then caleulated according to the following equation:

w _ CCBX(T) x "Zmple x D
CBX(Ty

= 100%

m x 10

samplé
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$igure 13 Representative HPLC chromatograms of cannabinoid siandards (A at 11 pg/mL} and cannahis raw material (B)
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where:

W = (total) cannabincid content in the aterial (%
weight);

Cogger, = (total) cannabinoid content in the sample (pgf

ml.);

\e’mi_‘!E = sample volume {mL}

v = dilution factor;

e = samnple mass (g).

Calibration Range

Linear fom 2 pg/mk to 100 pgiml. Extrapolations from
this curve should not be made; however, cannabinoid

concentrations in samples greater than 100 pg/ml. can be .
appropriately diluted, ot the cuive can be extended out to

106G pg/ml. {with 7 or wmore poinis in the curve) to ensure
the reading is within the calibration range.

Gas Chromatograply with Flame [onization
Detection (GC-FID) for the Quantitation of
Phytocannabinoids

The following GG-FID method is used for the quantitation
of the major phviocannabinoids of confiscated cannabis
material submitted to the University of Mississippi by the
DEA and other United Stetes law enforcement agencies
as part of NIDA's Marijuana Potency Monitonng Program
(F1Sokly et al. 2000; Mehmedic et al. 2010). Due i the
high tempetature of the GC injector port, in situ decarbosyl-
ation of the acidic cannabinoids occurs upon injection. This
method, therefore, quantifies total cammabinoids (acidic and
neutral) simultaneously. If quantitation of free (neutral) and
acidic compounds 15 required for a specific canmabinoid,
a non-destructive method, e.g., HPLC, or derivatization,
e.g., silylation or formation of the alkylboronates, should be
employed and validated.

Sample Preparation

Crude cannabis and hashish: To 100 mg of dried, powdered
cannabis material with seeds and stems remeoved, add 3wl
of the intermal standard solution {(see helow on the prepara-
lion instructions). Macerate for 1 hour at room femperabure
Soricate for 5 min. Filter the extract into GC visls, and cap
thie vials.

Hash oil: 'To 100 mg of hash oil, add 4 mL of hash oif extrac-
tion solntion {see below). Macerate for a minimum of 2 I at
room temperaturc. Senicate for 5 min. Add 20 w1, of abso-
tute ethanol, and sonicate again for 5 min. Filter the extract
into GO vials, and cap the vials,

Internal Standard Preparation {(use for extraction of can-
nabis and hashish)

Dissolve 100 mg of 4-androstene-3,17-dione in 100 L of
1:9 viv chloroforminethanol mixture.

Hash Oi! Extraction Solution: Dissolve 56 mg of 4-andros-
tene-3, 1 Fodione in 50 ml of absolute ethanol.

Chromatographic Conditions

Colomn: '

DB-IMS: 15 m x 025 mm id x 025 pm flm {J&W
Scientific, Ine, US [Agilent Technologies]).

Mobile Phase:

Helivm.

ColummHead Pressure:

14 psi (1.0 ml/min).

Fraps:

Moisture and oxygen traps for the purification of the heliam,
Injection Volume:

1 pL.

Injection Mode:

Split (can be selected based on the sensitivity needed and
analytical goal).

Injector Temperature:

240 °C.

Ternperature Program (Cohumnn Control):

PF0 °C (hold T min) to 250 °C (held 3 min) at 10 "Chmin,
[Z min total run time.
Detection Temperature:
260 °C.
Make-up Gas:
Helivm (LJHPY: 20 pd, 20 miJmin {ritfogen may he
used as an alternative make-up gas).
Combustion Gases:
Hydrogen (UHP): 30 psi, 30 mL/min and compressed
air (suitably purified} at 30 psi, 400 mL/Amin.
Split Flow:
50 ml/min.
Split Ratio:
5L
Septum Purge:
5 mifmin (will vary on different systems),
Detection (FID):
Relative retention times are provided in Table 8.
Calculations:
Cannabinoid potency is caleulated as shown in the fol-
lowing equation:

We = (L., om ) /(I xm, ) % 100%

sample
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Figure 12 Characteristic gas chromatography (GC) chromatogram of cannabis with an internal standard

A-ondrostene-3,17.dione
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where: Tahie 8 Relative retention times of phyfecannabinoids and

W,. = relative cannabinoid content of the material, %

weight;

[. = integrated area of the cannabinoid peak from

GC-FID chromatogram,;

1, = integrated area of the peak of the internal standad

from GC-FID chromatogram;

m, = mass of internal standard

4-androstene-3,17-tione, as observed nsing GC-FID

THOV 615
Clgmp i ks
cBE 7.786

Cwme e
CBG 8.868
. CBN 8931
q-andrz?;?;e-&!?« 9172

Limit Tests

Limits that are applicable lo cannabis include those that are
generally applied to herbal materials, such as tolerance levels
of microbial and fungal confamination, confent of certain
metals, as well as limiks of solvent and pesticide residues.
With exception to loss on drying and moisture content of
dry matesial, the following limits are based on gencral recom-
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mendations for botanical ingredients established by various
rational and internationgl bodies. Tests can be pedormed
aceording to standard pharmacopoeeial instructions {e.g.,
Furopean Pharmacopoeia, United States Pharmacopeia,
among athers},

Foreign Organic Maiter (crude cannabis material}: Not
more than 5.0% of stems 3 mm or more in diameter; not
mare than 2.0% of other foreign matter. :

Total Ash {erude cannabis material): Not more than 20.0%.

Acid-insoluble Ash (erude cannabis material): Not more
than 4.0%. '

Loss on Drying (crude cannabis matenal): Not more than
10.0% of its weight, determined on 1,000 g of the powdered
drug by drying in an oven at 105 °C for 2T (BMC 2010},

Moisture content of dry material (crude cannabis after
packaging): Not more than 5% (BMC 2010G).

Microbial and Fungal Limits

The presence of micrabes s typical for all naharal products.
Unless carefully cultivated, illegal supplies may not mect
the prescribed specifications. Conversely, reports in which
eausal association between microbial exposure through can-
nabis use and infections has been established (e.g., Carod
Artal 2003) appear to be rare considering the prevalence of
use and caposure,

Tolerance limits for microbial and fungal contamina-
tion in cannabis and its products should be congistent with
applicable state, federal, and international regulations,

whenever applicable. Recounmended tolerance limits for
cannabis products are provided n Table 9 and were based
on a review of national and international recomrendations
for botanical products as well as discussion with a variety of
stakeholders (e.g., Washington State), Additional guidance
for botanical products is provided in national and interma-
tional compendia based on oral consamption of finished
botanical products. Additionally, raore restrictive limits may
be adopted for medical use of canmabis, most notebly when
used by immune compromised individuals. Microbes such
as Aspergilhus spp., for example, can be transmitted through
inhalation and are of specific concern in those with specific
medical conditions {e.g. chironic granulamatous discase and
eystic fibrosis) and when employing specific medical treat-
ments {e.g., immunosuppressive therapies). Reducing total
smicrobial risk may require specific microbial. reduction
treatment to the greatest level possible without compromis-
ing the putative medicinal activity. Appropriate methods for
testing nicrobial loads can be found in the Bacteriological
Analyticel Manal (FDA 2013a).

It is important to note that microbial and fungal values
do 1ot typically represent pass or fail ariteria. Rather they
are recommended levels when plants aré produced under
normal circumstances and growing conditons. Individual
herbs, such as mints (Mertha spp.), which have 3 high con-
centration of trichomes, are prone to higher levels of molds
than crops with fewer richomes. As cannabis also possesses
high concentrations of trichomes, this may be a factor and
recomnmended limits may require adjustment over time.
Higher levels of molds can also occur m seasons of heavy
rain withont undue damage to the crop and may justify &
raterial exceeding the proposed limits as Jong as there is no
visible damage to the plant and other qualitative specifica-
tions are met. Limits must also be appropriately applied to
the various preparations being made. Typical microbial and
fongal limits may not be relavant fo materials that ave to

Table 8 Microbial and fungal limits recemnmended for oraliy consumed botanical produects in the US {CFil/g}

Unprocessed 160 i

materials®

Processed oW _ 1_9"‘"_'.'
materials® ' '

£8, and
solvent-based 104 108
extracts

i3
10 Notdatected in 1 g
i Not detectedin 1 g

* Unpeocessed materiak include minimally processed erude cannabis preparalions snch as inflotescences, accumuldated resin glands (kief), and
conmypressed resio ghine (hashish), Processed materials include various solid or liguid infused edible preparation, oils, topical preperations, and water-
processed resin glands Chubble hash™). Significant mieralial contamination can ocens during post-harvesting hadling,
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fahis 40 Pesticides commonly used in cannabis cultivation

-_ﬁi}amggﬂn L Insecticide/acaricida

'li\yermecims B’-ia ami

81b)

Acaqumacvi insecticide/acaricide
‘Bitenazaio Acaritide

Bifenthrin Insecticide

taynshetic pyrethroid}
Chlormsquat chilorids  Piant growth regulater (PGR)

Cyfutivin {synthetic  Insecticide

pyrethreid)

Damiinozide{Alarf . ‘Plantgrowth regulator (PGR) -
‘Etoxazole Acaritide

Fenoxycarb Insecticide

imazalil Fungicide

Imidacioprid " dnsectivide

Myclobutanid Fungicide

‘Paciohitraiol ‘Plant growth regulator {PGR); fungicide
Byrethrins® ~ Inseeticida

Spinosad -Insechicide

Spiremesifen Insecticide

Spiroietramat . ‘insecticide

Trifloxystrabin Fungicide

GC.ECD’ GLMEMES

LC/MS}’MS‘

CACMEME, . o

LC? (WHO 2004) GC-MS/MS?

UV S;Jectmscegmy‘ A0 MS/MS’
GG MS(fMS}‘

Gcéecn*; L&MS/MSﬁ

GE ECD; GC-NPD", GE- NESIMS} L(?v?uﬂ"?.il‘\l’lsz

eMEMSE

Ge-ECD!

E : 'mftmnﬁéss@y‘ L
BC-MSY Le- MS.’MS"

LOAC-MS/ME '

BC-NPDY: GC- MS/MSZ LC- 1‘¢15}’f\!!$2

ECD = Electron capiure detector; FLD = Fluorescence detector; GC = Gas chromatography; L6 = Liguid chromatography; IR = Infrared spectros-
copy; MS = Mass spectrometry, NMR = Nuclear magnetic respnance; NP = Nitrogen phasphorous detgctorn.

* Matural pyrethring are folerance exempt; synthatic pyrethrias are not.

be subjected to processing, such as infusing, decocting, or
exfracting with heat, alcohol, or other processes that intro-
duce a microbial reduction step prior to consumption.

Metal Limits

When grown in contaminated soil, cannabis accumulates
heavy metals to the extent that it has been proposed as a
candidate for bioremediation of toxic waste sites {Shi and
Cai 2009). Siegel et al. (1988) measured 440 ng mercury per
gram of cannabis in Hawaii, whose volcanic soil contains
naturally high levels of mercury. Stegel notes that mercury
is absorbed 10 times more efficiently by the lungs than by
the gut. He calculated that smoking 100 g of voleanic
cannahis per week could lead to mercury poisoning. The
American Herbal Products Association {AHPA) provides
manufacturers of herbal products with general recommen-
dations for maximum heavy metals levels in herbal products,
based on the daily product intake amount {Table 11). The
most appropriate method for quantification of metals in
medicinal products is an induchvely coupled plasma-mass
spectrometry (TCP-MS) method of the US Food and Drug
Administration (FDA), which analvzes arsenic, cadmium,
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chromium, lezd, and mercury (FDA 2011). The cannabis
monograph of the Nethedands BMC (2010} considers the
risk of mets] contamination of cannabis grown under con-
trolled conditions to be Jow.

Pesticide Limits

In the US, pesticides are regulated by the Environmental
Protection Agency (IEPA), which registers or licenses pesti-
cides for use in the United States, and by individual states
{usually, by that state’s department of agricnlture), which
may regulate pesticides more stringently than EFA. Pesticide
tolerances are approved on an individual or crop group basis,
so that the approval of a pesticide for use on one commodity
does not eonfer the approval of its use on another. Where no
ltmits are specifically established for a specific crop or class
of crops, the limit is zero (1)), generally considered as < 0.61
ppm or 10 ppb according to analytical methods st forth in
the Pesticide Analytical Manual (PAM; avaiiable from the
US Food and Drug Administration) (FIDA Z013Db).

To date, there are no pesticides specifically approved
for use on cannabis in North America on the federal level.
However, some pesticides with tolerance exempt ingredi-




Takie 11 Metal limits recommended for herbal products in the US

Inorganic arsenic 10

Lead B
Methylmersgry - - 20

Source: AHPA {2008).

ents have broad use sites that could allow for their use on
cannabis. Additionally, some states, {e.g., Massachuseits,
Washington, and Colorado) are formulating guidelines for
pesticide use in cannabis cultivation, whose ingredients are
approved in that state for organic production, or are listed
by the Organic Materials Review Institute {OMRI). Use of
unapproved pesticides in those states that allow for OMRI-
listed o exempt pesticides represents a public safety license
viclation and can result in the cancellaion of a canmabis
producer’s license. State allowance for pesticide use on can-
nabis may be in conflict with federal pesticide regulations.

Presence and Testing of Pesticides in Cannabis

Specialty agricultural supply stores for the cannalis industry,
have proliferated across the US, many of which are catego-
rized as “hydroponic”. This aspect of the industry lacks any
meaningful regulation or guidanee, Products found in such
stores have been reposted to centain banned substances,
and often fail to accurately disclose ingredients or provide
adequate information for proper use. For example, the
California Department of Food and Agricalture (CDFA)
in 20171 issued cease and desist orders against the sale of
a number of popular cannabis caltivation products due to
their inclusion of a mumber of banned plant growth regula-
tors including daminozide (Alar) and paclobulrazol (CDFA
2011). A number of these products are labeled as “organic”
though they may not be compliant under the National
Organies Program of the United States Department of
Agriculture (USDA).

The use of such agents on cannabis crops is widespread.
Daley et al. (2013) compiled a list of 148 pesticide products
used in cannabis cultivation, hased on a survey of California
growers, Insecticides and miticides are often used on canna-
bis grown indoors, while fungicides are used on both indoor
and outdoor crops. Inappropriate use of insecticides, miti-
cides, and fungicides (such as improper product selection,
application rate, concentration, and/or timing) can jead to
pests becoming Tesistant and/or medical users being cxposed
to inappropriate residue levels.

Appropriate testing methodologies, as recommended
by the Environmental Protection Agency (EPA Residue
Analytical Methods [RAM]) or those of the Food and Drug
Administration (FDA Pesticide Analytical Manual [PAM]),
should be employed when appropriate. However, as these
tests were developed for commodity food products, the
amount of sample needed may be prohibitive to apply
to the cannabis industry. Alternatively, The food testing
QuEChERS screen uses smaller quantities and may be

more applicable to a variety, though not all, of cannabis
products {Schoen 2013, personal communication o AHP,
unreferenced).

In the cannabis industry today, the most commonly
used sereening technology for organophosphates, organo-
chlorines, carbamates, and ethylenediaminetetraacerie adid
(BDTA) are immuncassays (e.g., enzyme-linked immuno-
sorbent assays [ELISAY) and broad spectrum field tests that
may of may not be validated for use on cannabis. Similazly,
immunoassays for a broad range of PGRs and fungicides
commonly used in cannabis cultivation are not available.
Becanse of their relative inexpense, irmmunoassays are rou-
tinely used by analytical labs specializing in canmnabis testing.
and are at high risk of not detecting pesticide residues and
reporting samples to be “pesticide-free” or “non-detected”.
Before commercial use, any immunoassay should be vali-

dated against a standard testing methodology.

Table 10 provides a list of the most common pesticides -
{including acaricides, insecticides; fungicides, and plant
growth regulators) used in cannabis production. '

Solvent Residues

Limits on solvents used in the manufacture of botanical
products are established by the International Confsrence
on Harmonization (ICH) (ICH 2011}, with exceptions
made for ethanol and acetic acid in products formulated
to contain these substances (e.g., tinctores and vinegars).
According te the ICH guideline, solvents are cate-gdrized
in 3 classes. Class 1 includes known carcinogens, toxic
substances, and environmental hazards such as benzene,
carbon tetrachloride, 1,2-dichloroethane, 1,1-dichioroeth-
ene, and 1,1, 1-trichloroethane., These are to be avaided in
the manufacture of herbal and/or pharmaceutical products.
(lags 2 and 3 solvents (Table 12) are distinguished based
on their relative toxicity level. Limits established for permis-
sible daily exposures (PDE} are determined individually
for Class 2 solvents, Limits for Class 3 solvents are setat a
general limit of 50 mg/day. In addition, the ICH guideline
lists solvents for which no adequate toxicological data was
found {Table 13) and requires manufacturers of pharma-
centical products that choose to use these solvents to supply
justification for residual Jevels of these solvents in their final
products. Petroleum ether, found m this gronp, is reportedly
used in the production of hash cil (UNODC 2009).

Solvent extracted products made with Class 3 or other
solvents, are not to exceed 0.5% residual solvent by weight or
5000 parts per million (PPM) per 10 gram of solvent based
product and are to be guantified according to the United
States Pharmacopeia (USP <467>), Residual Solvents,
Option 1. Higher concenirations may also be acceptable
provided they are realisti in relation to safety, manufactur-
ing, and good iamifacturing practices.
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tabie 17 Permissahle and restricted solvents in the manufacture of cannabis preparations

) Acetonitrile . 43 ' Acetic acid'
Chicrobenzene ' 38 ;_Aé_éii:}l';é s
Chioroform™ 0.8 Anisole - _
Cyclshexane . © E . 388 L iBuanel
1,2-Dickliorothene 18.7 2-Butanal
Dichlorsmethane® . B0 . o (Bubyhacetate L
1,2-Dimethuxyethane i0 ' Ctert-Butyimethylather
NN-Dimgthylacetanide® 10.9 Sl Cumenet T T
N,N-Dimethylformamide 88 © Dimethyi sufoxide -
 14:Dioxane® R 38 vl CEthemol
2-Ethoxyethanol 16 ' . Eshyl acetate
Ethylonegiyeol A 62 - Bhybemer
Formamide 2.2 “Ethyt formate
Hexane = R 29 - Formicaed
WMethanal® 300 Heptate
2-Methoxyethanol 08 - sobutyl scetate <
Mathyihuty! ketone 05 Isopropyl acetdts
Methyloyclohexane ' 18 T Mtk ssetate T
N-Mothylpyrrolidons® 5.3 3F-Mathyl-1-butencl
Nitromethasia* S 05 7 Methylethyl ketone
Pyridine* 2.0 Methylizobutyl ketone
Sulfolane. .. ' 15 _'2.'Mﬁfh~,li~1~:p_fqpanai_ L
Tetrahydrofuran 1.2 Pentane
Totralin. 1.0 . A-Pentanol
Toluene® 88 1-Prapanol
11,2 Trichloraethene 08 7 9-Propanal
Xylene 27 Propyl acetate

* Listad as chemicals known 1o the state of California W cause cancer or reproductive toxicity under Proposition 65 (CAEPA 3L
Source: AHPA (2008} CAEPA (20135; 1CH (2011); Unfted States Pharmacopeia {USP 30-NF 25 2007).

Table 12 Solvents for which no adequate woxicelogical data was found

1,1-Digthoxypropane Methyiisopropyl ketone

1,1-Dimethoxymathane Methyltatrahydrofuran

2,2-Nimethokypropane Petroloum sther

Isooctane Trichloroacetic acid

isoprapyi ether Trifluoraacetic acid
Source: 1CH {2011},
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INTERNATIONAL STATUS

Definitions and regulations of what constifutes a “controlled
substance” and medically nseful substance differ greatly be-
tween countries. There are also varying levels of tolerance for
use of mind-altering substances such as alcohol and canna-
bis. Internationally and domestically, regulations regarding
the medical and recreational use of cannabis are changing
rapidly In the US, individual states have enacted their own
rights, regulations, and prohibitions regarding both medical
and tecreational cannabis use, which conflict with federal
jaw. Similarly, a munber of countries {e.g., the Us, Cana-
da, Israel, the Netherlands, and others) provide an official
source of medicinal-grade cannabis to certain chronically il
patients. Additionally, several countries (e.g., Canada, Den-
rnark, Germany, Spain, New Zealand, United Kingdom)
have approved pharmacentical preparations made from can-
nahis extracts {¢.g., Sativex®) as prescription-only medicine
(MHRA 2016}, ' ' '

The regulation of caniabis is a subject of international
treaties that include the US as a signatory (United Nations
1973). The US Controlled Substances Act (GSA) was
designed to fulfill the countrys treaty obligations under
the United Nations Single Convention on Narcotic Drugs
{1961}, This treaty restricts cannabis to appropiate medical
use only, and places strict controls on cannabis cultivation in
a manner similar to those imposed on opium poppies. The
treaty does not apply to cannabis plants grown exclusively
for industrial (fiber and seed) or horticultural purposes.
As of 2013, there were 61 signatories to the Convention
{United Nations 2013a} and 54 signatories to the Protocol
that amended the conwention in 1972 (United Nations
2013b). Following is a brief review of the manner in which
cannabis is regulated domestically and internationally. Due
to the rapidly changing regulatory environment, interested
readers must refer Lo primary regulatory policies in various
states and counlries as well as expected requirements under
international treaties.

United States

The term “mariliana” is defined in the Urnited States Code
[USC) as “all parts of the plant Canniabis sativa L., whether
srowing or not; the sceds thereof; the vesin extracted from
any part of such plant and every compournd, manufacture,
salt, derivative, mixture, or preparation of such plant, its
sceds or resin. Such “marihuana” term does not include
the matire stalks of such plant, fiber produced from such
stalks, oil or cake made from the seeds of such plant, any
other componnd, manufacture, salt, derivative, mixture, or
prepatation of such mature statks (except the resin extracted
therefrom), fiber, oil, or cake, or the sterilized seed of can-
nabis, such plant which is incapable of gerrmination” {UsC
2010}, This language remains essentially unchanged from
the Marihuana T Actof 1937,

Druig {Federal): “Marihuana,” “tetrahydrocannabinols” and
CRID are classified by the Drug Eaforcement Administration
(DEA] as Schedule T controlied substances (DEA 2011a).

The Bndings required to place a substance on Schedule 1 of
the Controlied Substances Actare: {a} the drug or other sub-
stance has a high potential for abuse; (b). the drug or other
substance has no currently accepted medical use in treat
ment in the United States; and (¢} there is a lack of accepted
safety for use of the drug or other substance under medical
supervision. Several formal petitions for the rescheduling of
cannabis have been denied (DEA 2011b).

Rescheduling to Schedule 1 by the DEA requires for the
following 5-part test to be fulfilled: 1) the drug’s chemistry
iust be known and reproducible; 2) there must be adequate
safcty studies; 3) there must be adequate and well-controlled
studies proving efficacy; 4) the drug must be accepted by
qualified experts; and 5) the scientific evidence must be
widely available. Alternatively, rescheduling could occur
by Exeeutive Order of the President or by Gongress. The
DEA rescheduled synthetic THG (dronabinol, Marinol®)
to Schedule H in 1985, and Schedule 113 in 1999, '

An exception is made for the "Compassionate Lise”
Investigational New Drug (IND) Program: In 1976, the DC
Superior Court found a defendant suffering from glaucoma
not guilty of possession of marijuana based on the Common
Law Doctrine of Necessity (US v Randall). The defendant
successfully argued that inhalation of martjuana smoke had
a beneficial effect, normalizing intraceular pressure and
Jessening visual distortions (DG Superios Court 1976). In
1978, the same glaucoma patient brought a lawsuit against
the federal govemment (Randall v US) for its role in dis-
rupting his legal access to marijuana. An outcome of the
lawsuit settlement by the Department of Health and Human
Services (HHS), which became the basis for the Food and
Drug Administration (FDA} Compassionate IND Program,
was that the National Instiute on Drug Abuse (NIDA)
would begin supplying cannabis to patients whose physi-
ciang applied for and received use permits from the FDA.
The NIDA provides funding to the University of Mississippi
for growing, harvesting and storage of cannabis as well as
potency monitoring and other services for the DEA (NIDA
19883, The NIDA is responsible for shipping the ymarijuana
to registercd patients. Medical diagnosis of Compassionate
TNT) Program patients have included (ProCon.org 2014)

e AIDS

e Clascoma
o Multiple Congenital Cartilaginous Exostoses
s Multiple sclerosis

& MNail Patella Syndrome

Dirug (State): To date, medical cannabis laws have been
enacted in 22 states and the Distict of Columbia (Stroup
2014). These taws exist in conflict with federal laws leav-
ing discretion to US Atorneys on when to enforce federal
law against parficipants in statesanclioned pregrams. o
date, however, there has been no atterapt by the federal
government lo overturn such state Jaws. In August 2013
the Department of Justice issued 3 memo to US attorneys
advising that individuals and companies following state
laws shauld not be prioritics for prosecution but uitimately
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left the decision of whether or not to prosecute up to US
Attorneys (Cole 20133,

Recreational (State): In 2012, Washington and Colorado,
both of which allow for the medical use of cannabis, through
hallot mitiative, approved the conirelied recreational use of
cannabis, limiting its use to legalage adults and with spe-
cific restriciions.

In 260020607, there have been approximately 7.9 million
cannabisrelated arrests in the US {US Bureau of Justice
Statistics) making cannabis-related crimes ene of the most
frequently enforced crimes in the couniry. In 2012, there
were 2 total of 749,825 marijnana arrests, of which 91,593
were trafficking/sale arvesis and 658,231 were for possession
{FBI Uniform Crime Report 2012).

Canada _
Carnadians cirrently have access to the widest represena-
tion of cannabineid drugs in the world, including dronabi-
nol (Marincl®), nabilone {(Cesamet®), Sativex®, and
crude canmabis. Canada also relegalized industrial hemp
cultivation in 1998, Cunnabis for medical use is reguiated
under the Marihuana for Medical Purposes Regulations
(MMPR], which came into force on june 7, 2013, Under
the MMPR, marihuana for one’s own medical purposes or
for those of anather persen for whom they are responsible
may be obtained only from a) a licensed praducer In accor-
dance with a medieal document (signed by a eensed health
care practiioncr), b} from a health care practitioner in the
course of freatment, or ¢} from a hospital in zceordance with
Narcotic Contret Regulations. An individual may obtain up
to 30 firnes the daily quantity from a licensed producer or
from a hospital. Individuals st register to become clienks
of a licensed producer. Adults who reside in Canada and/or
corporations with a head office or branch office in Canada
are eligible to apply for a producer’s icense (Government of
Canada 20143
Indications: Potential therapeutic uses are ouilined in
Health Canada'’s information for health care professionals
on cannabis and the cannabinoids. 'The listed uses include
the following;

¢ Alzheimer’s disease and dementia

e Agthritides and Musculoskeletal Disorders

¢ Asthma

*  Chemotherapy-indiced nausea and vomiting

o Fpilepsy

e Gastrointestinal svstern disorders {irritable bowel

syndrome, inflammatory howel disease, hepatitis,
pancreatitis, metabelic syndromefobesity)
+  Glaucoma
e Hypertension

s Inflammation {(Inflarmmatory skin diseases [dermati-
{15, psoriasis, pmritusf}

s Movement disorders (dystonia, Hustington’s Disease,

Parkinsorys Disease, Tourette’s syndrome)
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= Multiple sclerosis, amyotvrophic lateral sclerosis, spi-
nal cord infury

#  Pain {acute and chronic)

¢ Palliative care (relief from pain and other distressing
symptoms, and the enhancement of quality of life)

¢ Psychiatric disorders {alcohol and opioid withdrawal
symptorns [drug withdrawal symptoms], anxiety and
depression, sleep disorders, sehizophvenia and psy-
chosis '

¢ Wasting syndrome (cachexia, ¢.g., from tissue injury
by infection or tinor) and loss of appetite {anorexia}
in AIDS and cancer patients, and anorexia nervosa
{Health Canada 2013).

Buropean Union (EU)

In the EU, rules regarding the commerce of cannabis are
not harmonized. Passession of small amounts for medical or
personal use has been decriminalized or liberalized to varying
degrees in several countries inchuding Belgium, the Creéh
Republic, Fstenia, Germany, Raly, the Netherlands, Poland,
Portugal, and Spain, as well as in some non-EU European
countries ke Switzerland {Reuter 2010; Rosmariz and
Eastwood 2012). The Netherlands and the Czech Republic
have enacted programs for access o dried cannabis fowers
for medical use. The Netherlands represents the meost Hb-
cral state in termns of access to cannabis for bath medicinal
and recreational use; Prance, in contrast, hag prohibited
cannabis drugs since 1925, but never oullawed fiberfype
plants {France was the only country in Western Europe that
grew hemp between 1982 and [955). Spain, because of ity
proximily to Morocco, leads the world in hashish setzures,
accouniing for 26% of glabal seizures with 356 tons seized in
2011 and 326 tons in 2012 (UNQDC 2014).. Concerning the
cultivation of indusirial hemp, the current uppesr legal Limit is
0.2% THC with 2 ratic of CBD to THC greater than one m
miost Burdpean countries {(UNODC 2009}

In Noveraber 2013, a Furopean citizens’ iitiative
proposing the legalization of cannabis and the EU to
adopt a common policy on the control and regulation of
carmabis production, use and sale, was registered with the
European Gommission. Gitizens’ initiatives have one vear
to collect one million signatures of U citizerns old enough
to vote. If the requisite number of signatures is obtained,
the Commission has 3 months to examine the intbative,
meet with the initiative organizers, hold a public hearing,
and prepaze a formal response. The Commission is not
obliged to propose legislation as a result of an initiative. If
the Commissicn decides to put forward a legislative pro-
posal, the nonmal legislative procedurs kicks off, e the
Gemumission proposal is submitted to the legislatar (gener-
ally the European Parliarnent and the Council, or, in some
cases, only the Counetl) and, if adopted, it becomes law
{luropean Commission 2013).




Incia
india enacted the Narcotics Drugs and Psychotropic
Substances Act in 1985, which brought India into com~
pliance with the UN's Single Convention on Narcotic
Dmgs Ganja (flowering tops) and charas (hashish} are
illegal. Bliang (the dried leaf of cultivated or wild-collected
{lannabis sativa,} when used in traditional medicine prepa-
rations and products, is regulated as an active ingredient
of traditional medicines uwsed in the Indian Systems of
Medicine {Ayurveda, Siddha, and Unani). Quality standards
monagraphs are published in the Ayurvedic Pharmscopocia
of India (APTY, Siddha Pharmacoposia of India (SP), and
Unani Pharmacopoeia of India (UPL).

Indications: Ayurveda: Agnimandya (digestive impair-
ment), anidra (insormia), atisara (darrhea), klaibya (imale
impotence), grahani roga {malabsorption syndrome) (AP
1989); Siddha: Kakkirumal (whooping cough), mikupaci
(excessive appetite), narampuvali (neuralgia), orraittalaivali
{hemicraniashnigraine), perumpatu (menorrhagia), vanti-
peli (vomiting and diarrhea} (SPY 2008). Unani: Ishal {diar-
hiex), kastatetams {polymenorehagia), bawaseer (piles),
sual {bronchitis), waj-ul-kabid (hepatalgia), qulani {colic)
(UPT 2007,

Israel

tn July 2011, the Isracli Cabinet approved arrangements and
supervision regarding the supply of cannabis for medical and
research uses in recognition that the medical use of can-
nabis is necessary in certain cases. The Health Ministry, in
coordination with the Tsrael Police and the Israel Anti-Drug
Authority, is responsible for supplies from imports and iocal
cultivation (State of Israel Prime Minister’s Office 2011).

Tn December 2013, the Israell Cabinet amended the
medical marijuana regulations by increasing the pool of
physicians allowed to prescribe cannabis to their patients
from 21 to 31, The new rule also changes the way in which
marijuana can be grown, packaged and distributed in Israel.
As of early 2014, approximately 14,000 patients have been
given prescriptions to use miedicinal marijuana.

Quality: There are currently 10 different strains of wmari-
juana being grown by 8 authorized growers and distributed
to patients with a preseription (ksraeli Medical Association
2014,
Indications: Cannabis prescripfions are available for these
conditions (and others on a case-by-case basis):

e AIDS wasting syrdrome

¢ Asthima

s Chronic pain due to a proven organic eticlogy

o HIV patients with significant loss of body weight or

2 CI4 cell count below 400

o Inflammatory bowel disease (but not Liritable Bowel
Syndrome}

= Malignant cancerous tamor in various stages

s Multiple selerosis

¢ Orphan diseases (ie., diseases and conditions that
affect only a small percentage of the population
and for which few, if any, pharmaceutical drugs are
developed)

¢ Parkinson’s Disease

e Vomiting and pain associated with chemotherapy
for cancer (Stafford Mader 2013).

Netherlands

The Office for Medicinal Cannabis (OMC) is responsible
for the production of canmabis (dried flower tips hasvested
from female Cannabis sativa plants) for medical and sei-
entific purposes and is the exclusive supplier of medicinal
carmabis to pharmacies, and on its import and export.
Quality: Medicinal cannabis provided by the OMC is of
pharmaceutival quality, produced under controlled culti-
vation according to Good Agricultural Practices (GAPs).
Three types of medicinal cannabis ate available through
pharmacies: Bedrocan, Bedrobinol, and Bedial. The ree-
ommended modes of administrafion are by making tea or
through inhalation.

Tndications: According to OMC, there is sufficient reason to
believe that medicinal cannabis can help in cases of:
®  Pain and muscle spasms or cramps asseciated with
multiple sclerosis or spinal cord damage;

o Nausea, loss of appetite, weight loss, and debilita-
tion due ko cancer or AIDS;

¢ Nunsea and vomiting associated with chemetherapy
or radiotherapy used i the freatment of cancer,
hepatitis C or HIV infection and AIDS;

& Chronic pain: primarily pain associated -with the
nevvous system, {e.g., danmged newve, phantom
pain, facial neuralgia or chronic pain which remains
after the recovery from shingles);

= Cilles de la Toureite syndrome;
*  Therapy-resistant glaucoma (OMOC Z011).

Switzerland

Medical use: Obtaining marketing authorization from
Swissmedic for Complementary and Herbal Medicinal
Products (KPAY) that contain preparations made from
Cannabis sativa as an active ingredient is possible
{Swissmedic 2013z). In November 2013 the first canna-
bis product received marketing authorization, Sativex®
Spray (Canmnabis sativae folii cum flore extractum spissum)
{Swissmedic 2013h),

Indications: Treatment for syrptom improvement in adult
patients with moderate to severe spasticity due to multiple
scierosis who have not responded adequately to other ant-
spasticity medication and who demonstrate clinically sig-
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nificant improvernent in spasticity related symptoms during
an initial trial of therapy (Almrall AG 2013).

Recreational use: In 2012, the Federal Assembly amended
the federal law on narcotics and psychotropic substances,
ostensibly decriminalizing possession of up to 10 grams
of cannabis with the implementation of 2 simplified pro-
cedure for imposing a flat fee fine in the amount of 100
Swiss Francs (Federal Assembly of the Swiss Confederation
2012).

Umguay

In December 2013, Uruguay became the first country to
legalize the growing, sale, and smoking of canmabls. The
government-sponsored bill that led to this approval provides
for regulation of the cultivation, distribution, and consump-
tion of canmabis. The primary stated wotivation of the legisla-
tion was to fight drug alficking of cannabis {Uruguay, Law
No. 19.172). The law aflows for Uraguayan tesidents over
the age of 18 to become a registered user and to purchase up

" to 40 grams (1.4 ounces) per month from licensed pharma-
cies. A government database will monitor consumer monthly
purchases. Additionally, Urugnayans will be able to grow 6
cannabis plants in their homes a year, or as much as 480
grams {approximately 17 ounces}, and form smoking chubs
of 13-45 members that can grow up to 99 plants per year.
Regional leaders in Latin America consider legalization as a
way to help eurb the eriminal activity and viclence associated
with the illegal drug trade.

Unider the law, a drug cenirol hoard will be convened
that will regulate cultivation standards, fix prices, and moni-
tor consunption of registered users. The use of cannabis is
legal in Uruguay, but until this law, cultivation and szle of
the drug was not.

Select Countries with Severe Penalties for
Cannabis Possession or Trafficking

Indonesia

Penalties for possession, use, or tafficking in illegal drugs
in Indonesia are severe, and convicted offenders can expect
long jail sentences and heavy fines. A life sentence or the

death penalty can be given i cases of drug trafficking (US
Diepartiment of State 2014,

Iran

Tran executes many people cach year on drgrelated charg-
es {US Department of State 2014}, Under the 2011 Anti-
Narcotics Law the ferm “narcotic” (for cerfain offenses)
refers o bhang (preparation of the leaves and flower tops of
Indian hempl, Indian hemp juice, opium, epium juice or
residue, or synthetic nonanedical psychotropic substances
listed by Parliament. The drugs cocaine, heroin, CHB,
LS50, and MDMA, among others, fall under a separake
‘narcotic” definition with different punishments. Offenses
that carry the death penalty include fourth conviction tfor

cultivation of cannabis; third cemviction for purchase, pos-
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session, concealment or transport of 5-20 kg of cannabis;
and imnpor, export, production, manufactore, distibution,
sale, or supply of more than 5 kg of cannabis, The death
peralty is commuted for first-time offenders when distribu-

“tion or sale was not accomplished and the amount was less

than 20 kg (Amnesty International Z011}.

Matlaysia

Malaysian leglslation prbvides for a mandatory death penal-

ty for convicted drug traffickers. Those arrested with posses-
sion of 200 grams (7 otinces) of cannabis will be presumed
by law to be trafficking in drugs (US Department of State
2014). The majority of those sentericed o death in Malaysia
were convicted of marijuana or hashish offenses with an
estimated 77 executions duﬂng 20082010 (Gallahue

,.21’]})

Saudi Arabia

Those convicted of the import, manufacture, possession,
and/or consumption of illegal drugs in Saudi Amabia can
expect long jail sentences, heavy fines, public floggings, and/
or deportationr, The penalty for drug trafficking 1a Saudi
Arabia is death. Saudi officials make no exceptions (US
Department of State 2014).

Singapore

Singapore has a mandatory death penalty for many narcob-
ics offenses including traffickinsg cannabis. Police have the
authority 1o compel both residents and non-residents to
submit to tandom drug analysis {US Departrient of State
2014y, Any person having in hisher possession more than
15 grams of cannabis, 30 grams of cannabls mixture {(any
mixture of vegetable matter containing THC and CBD in
any quantity), or 10 grams of cannabis resin {any substance
containing resinous material and i which THGC and CBD
are formd in any quantity) shall be presurmned to have had that
drug in possession for the purpose of afficking. The punish-
ment for tafficking in carmabis where the quantity is not Jess
than 330 grams and not more than 500 grams is maximumn
30 years or imprisonment for life and 15 siwokes of the cane.
‘The minimum punishment is 20 years and 15 strokes of the
cane, The penalty for trafficking more than 500 grams is
death (AGC Singapore 2008},

United Arab Emirates (UAE)

Legistation enacted in january 1996 imposes the death
sentence for convicted drug traffickers. Sinee Janvary 2006,
possession of even trace amounts of Hegal dmigs, which
include cannabis, lus resulted in lengthy prison sentences
for foreign citizens transiting the UAE. It is possible to be
convmted for drug possession based on the result of a drug
test even if no other evidence exists, regardless of when or

where the conswmption origimally oceurred (US Department
of State 2014,




REFERENCES

Adams R, Baker BR, Weam RB.
1940a. Srouceare of cannabinal.
1. Svnthesis of cannabinol,

1 -hydrosy-3-2myk-6,6,9-trimethyl-
6-dibenzopyran, | Am Chem Sot
62:2204-7,

Adams R, Bunt M, Clark 11, 1940b.
Structure of cannabidiol, a product
isolated from the matihuana exiract
of Minnesotn wild henap. ] Am
Chem Soc 62:196-200.

Adaras TC, Jones LA, 1975,
Phytostesols of cannabis smoke.
Agt Food Chem 23352-3,

[AGC Singapore}] Attorney General’s

© Chambers Singapore. 2008, Miswse
of Thrugs Act {Chaper 185}
Reviged Edigon 2008, finternet],
Actess Date: 2014 Jul 2, Avadlable
from: hirp/ / statutes.age.gow
s/ aol/ search/ digplay fview.
wipiidenr=cfo35eil-467e-4307-
96-R5956572¢254; page= g
ry=Td¥3 AN 220A983 37 1 -fdG-
47d9-9e06-abbchd o f1522%20
Status%a3Ainforceree=0Flegs

Ahmed SA, Ross 3A, Slade 13, Radwan
MM, Khan IA, ElSohly MA,
2080, Structure determination
and abselure configaradon of
cantabithromanone derivatives
fromt high potency Cannabis sativa.
Tetrahedron Lért 49:6050-53.

Almned 34, Ross SA, Slade D, Radwan
MM, Zulfigar F, ElSohly MA, 2008h
Cannabingid ester constituents from
high-potency Cannabis sativa. ] Nat
Prod 71:536-42,

[AHPA} American Herbal Products
Agsociation. Z08. AHPA adopts
new trade recormmendation
guidance on hewey metal,
miceobiclogical lisaits, Siiver dpring
(MDY Ametoan Herbal Produces
Associaton, Avallzble foms heip//
wawwahpa.ong

PAHPAE Aretdean Herbal
Products Associatnn. 207 Ja.
Regommendations 1o regalators:
Cannzbis dispensing operations.
Siteer Spring (MDD} Amserican
Herbal Products Assodation. p 12

(ATIPA] Amesican [erbal
Producis Assoctanon. 200 3h,
Recommendations 1o reguluons:
Cannabis laboratory operatons.
Sitver Spring (MD): Amexican
Heibal Produces Associaton p 12

Alegander T. 1987, Hopacitls narbeeak
linked o imposted pot. Hnsemilla
“Tips 7:22.

Almiradt AG. 2013, Satvex®,
{Yaterner]. Acuess Date: 2034 Jul
14, 6 p. Avsilable frony hgps/ /
wwrw kompendivm.ch/mpro/
e/ 24719 pdtfderstart= 1 Fpage]

Armesty Intesnational. 2011, Addicted
ro death — execniions for drag
affences in Tran. London (UK):
Ampesty Internaidonal. [Inreinet].
Access Date: 2014 Jul 2. Availyble
from: hitps:/ /doc.esamnesty.
argfcgi-hinjni}ﬁﬁﬂff(ﬂ/
EXBCUTIONSS:20PORY 20
DRUGS%ZHOFTENCES %20
IN9E2HRANFCMD = VEROBJAM
LEOB=301 79594640

Anderzon LG, 1980, Leal variation
among Cemabis species from a
controlied garden. Bor Musewm
Leaf Harv Univ 28:10.

[APT] Avurveds Pharmacopoda India.
1989, The Ayorveda Pharmacopoeia

- of Todiz, New Delli: Aywrveda
Pharmacopocia Copmaiee; Minisory

- Health Tamly Welfare Government
Tndia.

Appendino G, Chianese G,
Tagdialarela-Seafad O, 2011,
Canmabinoids: ocenrrence and
medicinn} chemistry, Cure Med
Chem 18108599,

Appendino G, Gibbons S, Gima A,
Pagani A, Grassl (G, Seaeri M. Simith
i, Rahnmn MM. 2008, Antdbacrerial
canmabingids from Cansabis salfize »
structure-noteity study, | Nat Prod
T1:1427-30.

{ASA] Ameticans for Safe Access,
2013, Pagient Focused Cerghearion.
Washington (DC) Americans for
Safe Access. {Internci] Access
Dhate: 2013 Dee 2. Available from:
ParieniFocased eriificarion.arg

Aveaham Y, Ben-Shushan D, Brener
A, Zotorarev O, Okon A, Fink
™, Kate 'V, Berry 1:M, 2004, Very
low dases of ALTHC increase
food consumyprdon and alter

neusstmnsmitter levels following
weight dost. Phatmscol Biochem
Behas F7075-84

Banetjee SP Snyder 5H, Machuulam
R. 1975, Canrabinoids: infinence on
neurcitansmitter uprake in i brade
synaprosomes. | Pharmacel Fap
Ther 194:74-81,

Barrett M., Gordon 1D, Evans ¥l
1985, Isolation frorn {annabis sativa
L. of cannflavin—a novel inhibitor
of prosmglandin producrion.
Biochem Pharm 34:2019-24.

Basile AC, Sertie TA, Fraitas PC,
Zanini AC. 1988, And-inflammatory
acrivity of oleoresin from Brazilian
Copaifera. ) Ethnopharmacol
FrATHE

Buzzaz FA, Dhusek I3, Seigler DS,
Flancy AW, 1975, Phowsynthesis
and casmibinoid content of
ternperare and wopical populations
of Cannabis sadva. Biochem Syst
Feol 53:13-18,

Berchi CAL, Louslerg RJj, Kippers
FIEM, Salemink CA. 1974,
Cannabis, IX. Canrabicirran. New
natorally occarring tetracyclic
diether from Lebanese Cannabis
satva, Phytochemistry 13:619-21,

Bercht CAL, Lousherg R]J; Kiippers
[F1EM, Salémink CA, Vree TB, Van
Rossurn JM. 1973, Cannabis, VL
ldentfication of cannabinol methy!
ether from hashish. ] Chromatog B
811636

Bercht CAL. Pads ME, 1974, Ot
of Canabis sakva: Bull Technique
[Gattefosse] 68:87-30.

Bergrivaschi MM, Queiroz RH,
Chapas MH, .de Oliveis DC,

De Marinis B5, Kapezinski E,
Guevedo J, Reesler R, Schrader N,
Narh AT et sl 2011, Cannabidiol
reduces. the ansdety indveed by
simulated public speaking in
preagment-ngive socisl phobia
prients. Mensopeychophartsacology
360121926,

Berroli A, Tozel §, Pisteli 1,

Angelini LG, 2010, Fibre hemp
inflorescences: from crop-residues
o essential ofl producton. Ind
Crops Prod 32:328-37.

Bico T, Toth BI, Magko G,

Paus R, Pachier P 2009 The
endocannabinoid system of the

skin b health and disease: novel
perspectives and therapeutic
opportuitics, Trends Pharmaco! Sci
3041120,

Bisogno T, Hanus L, De Perrocells 1.
Tehilibon 8, Ponde O, Beandi I,
Motiello AS, Davis |B, Mechoulam
R, i Marzo V. 2001, Molecular
targers for cantabidicl and it
synthetic analogues: effect on
vaniltoid VR receptors and on
che eclhular aprake and enzyrrdc
hedrolysis of anandamida, Be
Phareracol 133:845-54

[BMC] Bureaw voor Medicinale
Cannabis. 2010 Monograhe voor
analyse van de grondstof Cannabis
Aos (hennepblogmeny: analytical
monograph. The Nederlzods
Burcau voor Medicinale Cannefis.
2in

Beacsa 1, Mathe P, Hangyel L. 1997,
Bffact of nitrogen on by means of
poputation genetlcs is & monoecious
hemp smnd. mimbydrocannabinol
(THEC) content in hemp (Canaabin
sudine 1. Teaves at different positions.
J 1Int Hemp Assoc 4:80-1.

Boeren B BlSohly MA, Torner
CH, 1979, Cannabitipsol: a noved
Coomimefie sonstitment. Experlentia
3512789,

Bolognin D, Cosia B, Majone §,
Comelli T, Mazini i D4 Maszo

¥ 2010, The plant cannabinoid
A'-tetrahwirocennabivarin can
Jecrease siyns of nflammaton and
inflammatory pain in mice. Br ]
Pharmaco!l 168:0677-87.

Bocker L, Naidu P&, Razdan K,
Mahadevan A, Lichtman AH.

2009. Evaluation of prevalent
phytocaimalinoids in the acetic acid
model of viseeral nociception. Dirag
Aleobol Depend 105:42-7.

Booz GW 2011, Cannabidiol as
an smergent therapensic sumtegy
foz hessering the impact of
inflammation on oxddsive stress,
Fiee Rad Biol Med 51:1054-61.

Bowd A, Swana DA, Turnbull
JHL 1973, Photachemical
irnsforsudony of cannabinol. §
Chern Soc Chesn Comm 19:797-8.

Rrennoisen R, 1984, Pyyrhotopic
drags, 3L Deternination of
carmabinotds in Cannabis sative L.
and in cannabis produces with high
piassire lguid chromarograpisy
{HPLC). Pharinacent Acta Helr
59:247.56,

Rrenneisen B, EiSohly MA, 1988,
Chroratographic snd spactroscapic
profiles of Cannabis of different
origins Part 1, ] Forensic Sa
33:1385-1404.

Brackell CI, Alexander C, David
JE, Hetrerscheid WA, Leslie
AC, Malecot V, Jin X, Cubey
17 Bdicors, 2009, New edidon
of the Intermnational Code of
Nomenchatare for conlgvated phints
Belginim Intesnational Sexciety
Hotdeubaral Science. 204 p.

Burstein $H. 1999, The cannabinoid
acids: nonpsychonpciive dervatives
with theeapentie potenieal.
Pharmacol Thes 82:87-96.

Bugse PP, Fiedler GF, Leichile A,
Hentschel H, Stamvell ¢, 2008,
Fead pofsening due fo adulrerated
marijusna in Teipuig Disch Arzeb
frie 105:757-62.

Buys YM, Rafuse PE. 2010, Canadian
Ophihalmelogical Society policy
statermient On the medical use of
marijuana for glucoma. Can |
Ophihalmol 45:324-326.

[CAEPA] California Envirnnmental
Protection Agency. 2013, Chemicals
known to the stare of California
£y cause Cancer of reproductive
roxicity. Sacramento (CAY: Califorois
Envigonmencel Protecdon Agency.
22 p.

Cahn RS, 1932, Cannabis indica resin.
I Constitnticon of cannabinol. |
Chem Soc 1342-53.

Campbell WE, Gammon TIW, Smith
P Abrabams M, Purves TD, 1997,

American Herbol Pharmaenpoeia® ¢ Carmabis Inflorescence ¢ 2014 57



Compositon and andmakdal
:Lcu'v{w in vitre of the essensal oll
of Terradenia mparia. Planta Med
63:270-2,

Campos AC, Guimaraes FS. 2008,
Involvement of SHTTA receprors
in the amxiolyidc-like effects of
canaosbidiol injected into the
dorsolatersl periaquedsceal gray of
rats. Peychopharmacology 199:223-
34,

Carod-Arwad T). 2003, Naxmological
svndromes associatcd with the
ingesunn of plants acd fungi
with a toxic component {JT).
Failucinogenic fungt and plants,
mycowsias and medicingl herbs.
Rev Neorol 36:951-60.

Cardes F, Anchampach JA,

Hiltard C]. 2006. Tnhibidon of an
equilibrative nucleoside sransporier
by cannabidiok a mechaism of
cagnabinoad immunesuppression.
Proc Natl Acad Sci U S A 1037895+
L AN

Cascio MG, Gauson LA, Srevenson

WA, Ross R, Pertwee RO 2010,
Evidence thet the plant cannabinoid
cannabigerol is a highly patent
alphal-adrenoeeptor agonist and
roderately potent SHTIA receptor
antagotst, Br | Pharradol 159:128-
31,

Cares W, Warren JW 1975, Hepatrs
B in Nogamberg, Germany.
Epidemiology of a drug-assodaied
epidenic among US Army soldiers,
JAMA 2349304,

Cawthorne MA, Wargeat B,

Zaibi M, Stour , Wright 3.

2007, The TBI antagonist, A%
serrahydrocannabivarin (THLV)
has andobesiry sctivity in derry-
induced obese (1105 mice. Saubt-
Savverns {QCk Infor Cann Bes Soc.
141 p.

{CIFAY Catifornin Deparvnent of
Tood and Agrculmre, 2011 Nosiee
of quazanming and removal from
sale. [Interner}, Access Dare 2014
Jul 23, Augilable froare hrip:/ /e
cdincigov

Cervanies | 2006, Maripuang
hortculrure: the indoor/ oustoor
meddical grower’s bible, Vaneouver
WAL Van Patien Puby 512p.

Chalchar 10, Garry REP, Michet &,
Remery A, 1985, The essential ofl of
ewo chemorypes of P s (oil
of type AL Phytocherm 24:24-43,

Chandra 8, Laia 1], Khan LA, BlSohiy
MA. 2008, Phowsyathetic response
Of Canmapis satfra |, to variations
in photosynthetic photos fug
densities, temperaiure and CO2
condisions, Physiol Mol Biol Planes
14:299.306.

Chanden 5, Law FL Khan [A, BiSokly
MA. 2011 Photosynthetc response
of Counabds sative L., an important
medicingl plant, to clevated levels

of CO2. Phydicl Mol Biol Plants
17:291-94,

Chanidra S, Lata H, Khan TA,
£lSahly MA. 2013, The role of
Gictechnology te Canmabis sativer
propagation for the producton of
phywcanabinoide. Berlin: Springer
Verdag 12348 p.

Chandra 8, Laiz H, Khan IA, MALE.
201 La. Temperanare tesponse of
phoosynthesis in different drug and
fiber varieties of Cuanabis sarin L.
Physiol Mol Biol Plants 17:297-303.

Chen GH, Majumdar AS. 2006,
Drying of hexbal medicines and tea.
In: Mujumdar A5, editor. Handbook
of induserial drying, 3rd ed. Boea
Raton: CRC p. 1332,

Clark MN, 1978, A study of
nfuspecific lavonold variadon of
Cnnabis sativr L. (Cannabaceae).
IMasters Thests]. Vancowver (Can):
University of British Columbia.

Clark MN, Bohi BAL 1979, Flavonoid
variation in Camsebis: Bot ] Linoean
Soc T9249-57,

Clarke BT, 1981, Marfjuana bomany:
am advanced study, the propagaron
and brreding of distinctve cannabis.
Besketey {CA): Ronin 197 p

Clarke RO, Mecdin ML HH3
Cannabis: evohmion and
ethonoborsny, Berleley (CGA): Univ
Calif Pr. 434 .

Clanssen U3, Von Spulak F, Kore B
1968: Hashish, XIV. Components of
hashish, Tetrahedeon 24:1021--3.

Lole L 2013, Guidanee regarding
matijuzima enforcement. Washinggon
(I US Depariment fustice.

Cosea B. 2007, On the
pharmacological propesties of A
wetrahydrocannabine! {THC). Chen
Biodiv 4:1464-77,

Crombie L, Crombie WML, Jamicson
SV, 1980, Extractives of Thalland
Carmubis: synthesis of canniprenc
wndd isolation of new geranylired and
prenylared chrysoeriols, Tetrahodron
Letr 21:3607-10,

Crombie 1, Ponsford R, 1971,
Synthesis of cannabinoids by
pyridine cambyzed cltal-oliveto)
condensation: syathesis and
structure of cannabicyelol,
canmaidchisomene (hashish
extractives), cinylidene-cannabis,
and selared compounds. | Chen: Soc
Ot 4:796-804.

Crombie 1., Ponsford R, Shani
A, Yagnitinsky B, Mechoulam
B. 1868, Hashish componeats.
Photachemicat producton
of cannabicyelol from
cannabichromene. Teteahodron Lett
3:5771-2

DL Supetive Court. 1976, Crimbnal
law and procedure; edical
necessity, Washington {10C).
[nternet]. Aceess Dates 2014 Jui 23

3% American Herbal Pharmucopozia® » Cannabie Inflorescence o 214

p- 2249-54. Available from: hup//
wwdrigpoticy.oog/doeUplosds/
randell.pdf

Duley P, Lampach D, Sc;uéz:’a 520135,
Testing Canwabiy for contaminants.
Botec Analysis Carporation.
Lafayette, CA: Alexandet Shulgin
Research Institute, [Interner] No
1-30 Project #430-1a. Access Darer
2014 Jul 2. 67 p. Avulable from:
bttt/ /lcbawa.gov/publications/
Mamuara/ BC)TECa/nz_(‘iJ'epotts,f ta-
Testing-for-Contammngnts-Final-
Revised.pdf

Dravis WM, Haroum NS, 1983
Neurobehaviorsl actions of
cannzbichromene and interactons
with Atetrahydwocannabinol. Gen
Pharmacol 14:247-52,

[DEA] Drug Bnforcement Agency
2011a. Schedudes of controlied
_substances. In Code of Federal
Regulations, Tide 21, Parr 1308,
Washington (13C): 115, Governmend
Printing Ofhce, Jorerned, Access
Deate: 2014 $ui 2. Available from:
hitp:/ /worsgpo.gov/ tdsys/pke/
CFR-2011-hile21-vol®/pdf/ CFR-
201 1-titde2 [-vold-parti 308 pdf

fIDEA] Dyug Boforcement Agency
2011k 21 CFR Chaprer TL Dental
of petidon o nitiate proceedings
10> reschedule maiijuana, Federal
Register. [Insernet]. Access Dates
20114 Jul 2. p. 40332-89. Available
frome: huepe/ Faermgpegos/ fdsys/
Pl /FR201107-08/ pdf/ 201 1
16994.pdf

De Lapo K, Fernendez-Raiz ] 2007,
Cannabinoids and neuroprotection
in. motor-tefated disorders. CNS
Nearel Dis Deug Target 6:377.87

de Medjer ER, Bagatta M, Carbon
A, Crecied B, PM. ¥, Crigdans M,
Paclo R, Mandoline G 2003, The
mnheittanee of chemical pheaotype
i Cprnadis safive L. (Generics
163:335-46.

de Meijer BP, Hammeond K 2005,
The inhesitance of chemical
phenoeype it Cammaditc sativa L. (101
Cannabigerol predominant planss.
Huphnytea 145{13:1589.93,

de Meijer [P, Hanmend KM,
Surron A, 2009, The inheritance
of chemical phenotype in Camrabis
sativa Ve TV canmabinoid-free
plants, Buphytica 168:95-112.

de Maijer BT, Van Der kamp HJ, Van
Beuwitk A, 1992, Chamscterdzation
of Cannabis agee

ssiony with fegard
in cannabircid conrent in reladon
to other plant characrers. Euphytica
62187200,

De Petroeclile L, Tigresii A, Moricilo
AS, Altata M, Bisoprio T, Petrosino
S, Swott CG, D Macyo V201 1a,
Effects of cannabineids and
cannabinoid-enriched canaabis
exracts on TRP channels and
endoeannabineid merbolic

enzymes. Br } Pharmacol $63:470-
94,

De Pewocellis L, Vellart V, Schiano-
Monello A, Marini 12, Magherini PC,
Oshando P, Di Marzo ¥ 2008, Plant.
derived cannabinoids modulaie
the activity of nansient tecepror
patental channels of ankyria ype-1
aind melastatin typs-8. | Pharmacol
Texp Ther 325:1007-15.

DeBacker B, Debros B, Lebron 12
Theunis I, Dabois N, Decock L, |
Verstraete A, Hubert P, Chatlier
€. 2009 Tanovadve developiment
and vabidation of an HPLC/

DAD methed for the qualimtve
and gquanbitadve determination of
major cannabineids in cannabis
plant material. ] Chromatopr B Anal
Technaol Biomed Life 8ci 877:4115
24, .

Debruyne I Albessard T, Bigor MC,
Moulin M. 1994, Comparison of
thtee advanced chromaiographic
techniques for Cannabis
ideniification, Bull MNare 44:109-121.

T3ejesuse, Rododck BM, Bowers D,
Cohen (], Pearee D, 20067, Use of
dronabinol impreves appeiite and
severses weight Joss in JTEV/ATDS-
infected patients, § Int Assoc Phys
ALDS Care {Chee) 6:95-108,

Delong GT. Wolf CK, Poldis
A, Licheman A, 2011,
Carmzbichiomene and
tetrahydrocannshing! determination
in mouse blood and brain by gas
chromatography-mass spectnmetry.
} Anal Togicn! 35:496-500.

Dewey Wi 1956, Cannabineid
pharmacology. Pharmacol Rev
3%:1531-78.

Doy AR, Musry RE. 2003,
Caanabichromene (CBU) extract
alters hehaviosal despait on the
mouse il suspension st of
depression, BurBageon (VT
Internatonal Cannabinoid Reseurch
Society. p. 146,

Do Vale TG, Furtado BC, Bantos
G, Vigna G5 20002, Central
effects of ciral, myrcene and
imonene, constitoents of essantdal
ail chemorypes Erom Lippia alba
(MIILY NE Brovwn. Phivtomedicine
9703414,

Douwaliz AH. 1947, Choice of drags
in the treatment of duodenal vleet.
BM} 2477,

Drussy FE, Hamberg C, Luginbubl M,
Schwevgmann T, Briellmann TA.
2005, Isolation of A™THCA-A
from homp and anatytical aspects
concerning the determination of A’
THC in Camnabiz products: Forensic
Sed Tnter (4905310,

EC] Buropean Commission. 2013,
Weed like o talk [Internet]. Access
Date: 2014 Jul 23, Avaidable fronn
hitp:/ /ec.entopien/ cidzens-
it thee/ public/initatves/




ongﬁing}d{-:milezﬂi3,:’060(%8,&;‘1

Eisensiein TR, Meissler }], Wilson
Q, Gaughan JP, Adler MY
20057, Anandamide and A%
wetrahydeocannabinot divecty inhihit
cells of the immune system wa
(B2 receprors. | Neuroinununal
189:17.22.

Elsohly HMN, Tusrner CE, Clark AM,
Elsohly MA. 1982 Synthesis and
antimiciobial acivides of certaia
caanabichromene and cannabigerol
redated compounds, | Pharms Sci
71:319-23

Eischly Ma, Holiey 1R, Lewis GS,
Russcl M, Turner QI 1984,
Comstituents of Cotinalis sativa L.
XKLV, The potency of contiscared
wariiuann, hashish, and hash of
over a ten-vear period. ] Forensic
Sas00-14. ‘

[Sohiy MA, Ross 8A, Mchmedic 2,
Asxafat R, Yi B, Banahan BV 3id,
000 Potency wends of delra-9-
THE and other cannabinoids in
confiscated marfjoana fiom 1980-
1997, | Torersic Sci 45:24-30.

ElSohiy MA, Slade D. 2005, Chernical
constituents of marijaana: the
complex mixmre of namral
canaabinoids. Life Sci 78:539-48.

Slsohly MA, Turner CIL, Phogbe CH
1, Kaspp [E, Schiff PLJ, Siatkin
. 1978 Anhediocannabisadvine, a
new alkalold from Comabis safiva 1., )
Phairmacent Sci §7:124

Tlaon CF, Malzan TH, Boeston
1L, Tanner MA, Gould MIN, 1997,
Ant-carciaogenic activity of
ddimonens during the inidation
and promoton/progeession stiges
of DBA-induced rat mammary
carcinogencsis. Carsinogenasis
9:331-2,

[EMCDDA] Boesopean Monitoriog
Cemte for Livags and Drig
Addiction, 2004, An overviow
of Cemmobis potency i Farope.
Lamembourg Office Ofelal
Publications Furopean
Communinies. 71

{EMCDDAL Buropian Monitodag
Cenize for Drugs and Diug
Addicton. 2008. A cannabis veades:
giobal issues and tocal experiences.
Lishon: Eutopean Monitoring
Cengre for Drps and Drug
Addiction. 364 p.

SMOCDIA] European Monoiing
Centre For Dirugs and Drog
Addiction. 2012, Cannabis
production md markets in Eorope.
Loxembouvrg Office for Offichal
Publicatdons of the European
Communitios, 268 p.

Eubanks LM, Rogers (7, Benschner
AE, Koob GF Dickerson T, Janda
K 2006. A moleeular ink hevween
the aetive componeat of masijuana
and Alzheimer’s disease patholopr.
kiol Pharsnaco 37737,

Fuans Fl. 1991, Cannabinoids:

the separaion of central from
peripheral effeets on a structural
basis, Plants Med 57:560-67.

Fairbairn W Lishman JA, Rowan MO
1876, The stability of Canngbis and
irs preparations oo storage. | Pharm
Pharmacol 28 1-7.

Yalke AA, Flagbeegg M1, Lof AR,
Wigneus-Fielm EM, Wang ZR
1990, Uptake, disuibution and
eliminaton of alpha-pinene n man
after exposure by inbalation. Seand §
Work Eavivon Health 16:372-8.

Fan ¥, Gates RA. 2001, Degradation
of monoterpenes in orange juice
by garnma radizdon. ] Agric Food
Chem 4#9:2422-6,

Fan X, Sokotal K. 2002, Changes
in volatile compounds of gammz
irradiated fresh cllntro lenves during

" eeld seorage. § Agrie Food Cherm
SUTE22-6.

{FBI} Federal Burcan of Invesdgarion,
2013, Unifors crime reports: ciime
in the United States 2012 {Internet].
Washingion (120 US Diepavimern
of Justice; Access Dates 2014 Juil4.
Available from: higp:/ fwew fhigov/
showe-us/ cis/ et/ crime-in-the-

s/ 2012 eame-n-the-ws- 2012/
persons-atrested /persons-arrested
[FA] Food and Drug Adminiveaton,

2001, Guidance for industry —
bivanalytcal merthod valkladon.
Rockville (MD): US Bepartment
Health aod Human Services,
Hnternerd. Access Date: 2013 Ga
23. 25 p. Available from: imp:,:’ /
wwrw fda pov/eder/ guidance findex.
Tm

[FIXA} food and Drag Adminisiration.
2011, Dyug enforcersent
administration 21 CFR chapter 1
jdocker Mo, DRA-352N] denial
af petition w initiste proceedings
o teschedule mardjvana: pioposed
rales. Washingten (1DC): Unired
Seates Gov Piintng, [lnernet].
Ageoss Darer 2003 Jan 3. 38 p.
Available from: hirpe/ /20 rsGanetin.
awlkwbabdar= 1106321 3920828:=1
8098 =00 GHPA W Qrylienh1GnS
YERETSIvBLIALI LBASIMap( Tl
OO82E7TY Tt RIfsa8KBI206uH.
T2h13¢153Fin R lbhl ToferuRBU
{236y VVEbAKMEBBY A4) LS Phe-
wafaWydsoCGgXT2R51 fulTmE _3X0
el Toraimwry Vo) =

[FI2A] Food and Drug Administration.
21135, Bagreriolugical snatyrical
manual {BAM}. [[mietner]. Access
Dawe: 2014 Jut 24. Available
from: kit fervvifdagos/
tood / fondecienceresaarch/
laboratorymethods/ ucni2006949.
himy

{FI3A] Food and Dirug Administration.
201 3h, Pesticide analyiicat manual
{PAM), [Trrernet]. Access Date: 2014
Jut 24, Available from: hf.fp:f o

fdn.gov/ food/ Toodscienceresearch/
Izhgraiorymethods,/ uem2)06955.
it

Federal Assemnbly of the Swiss
Contedesation. 2012, Lo Edéeale
sur kes smapéfiants et les substances
psychotropes (Lo sur les stupéliants,
1 5tup) - Modification du 28
septambre 2012, Bern The Swiss
Parliamsent, Access Dater 2014 Jul 2,
Aveilable from: hop:/ /wewaadmin,
ch/ch/E/H/ 2012/ 7539.pdi

Fellermioter M, Zenk M. 1998
Preavlation of olivetolate
by 4 hemp wansferass yields
cannabigerolic acid, rhe precursor
of wirahydrocannsbinal. FEBS Letr
427:283-5.

Fisar Z. 2009 Phytocannabinoids and

endacannabineids. Cat Drug Alwise

Rew 2:51-75, =

Tischedick JT, Hazekarip A, Edreléns
T, Hae Choi ¥, Verpoorie R
20148 Merabalic fngerprinting of
Cansbis iefiz L., cannsbinoids and
terpenckls for chemotaxonomic
and drug standardization prarposes.
Phyrocheristy 71205872,

Fissc §, Braut ¥, Cosson L, Pagis
M, 1981, In vizo stdy of the
orgrnogeneiic eapacity of . safing
L. tizsues: effect of differenit growth
substances. Plantes Med Phytother
15:217-23.

lares Sanchez 1, Verpoorte R 2008,
Secondary metgbolism in Cannabis.
Phytrschiern Rev F:615-39.

Foote RE, Jones LA, 1974, Analysis
of the phytostevols of nwo vadetes
of Cannabis, | Agric Food Chem
22:R34-5,

Fournier G, Richiez-Damanols |
Druvezia P, Pards M, Pasis M 1987,
Tdentification of 1 now cheinoype
tw Ceawtadis sabiven cantnbigesol-
domisant plants, hiogenetic and
agroaemic prospecs, Plasa Med
ARITTH0.

Yayx P, Zajicek I 2002, Cannabis
for muldple sclerosis. Prac Nevrol
3:54-60.

Predrich-Fiecht §, Spitclies G. 1975,
New cannabincids. T, Tetrahedon
347887,

Gialal AM, Stade 1), Gul W, EL Al
AT, Teveeira 1, Filsohly MA, 2009,
MNatutally occuting and related
syntheric cannabinoids and their
potendal thesapeuiic apphcations.
Recent Pat CNS Dimg Discov
H2):112-36.

Gallahae P 2011, The death poaaliy
for drug offences global overview
011, London Harm Reduction
Inwrnatonal. Foternet]. Access
Dare: 2614 Jul 2, 44 p. Available
frorm: http/ /wwwiheznet/
fles/2011/09/14/IHRA_
DcathPenaltyReport_Sept2011_
Wel.pdf

Gaont ¥, Mechoulam B, 19642,
Hashish, 1IL Isoladon, siwuctore,
and partal synthesis of an actve
constmaent of hashish. T Am Chem
Soc §6:1646-7. i

Caoni Y, Mechoulam R, 19645,
Swucture and synthesis of
cannubigeral, 2 new hashish
consttnent. Proceedings of the
Chemical Sociery: 82,

Gaoni Y, Mechoulam R. 1966,
Cannabichromene, 2 new active
principle in hashish. Chemn Comm
$:20-1,

Gatel C, Pdomo-Gazo C, Garia-
Arencibia M, Ramnos }, Pertwee R,
Fetndndes-Ruiz |. 2011 Sympios-
relieving and neurcptotectve effects
of the phytocammabinoid A THCV .
it animal models of Parkinson’s

~ disease. By J Phartnacot 163:1495-
505, :

Gaoefosse RM. 1993, Garefosses

arornatherapy, Fesex. (D) CW
Dhaniel Lid, 176 p.

Gertsch J, Leont M, Raduner §, Racz
I, Ghen J2, Xie X0, Altmana
K, Karsak M, Zimimer A, 2008,
Bera-caryophyllene s 2 dietary
cannabinoid. Proc Natl Acad S
USA 105:8099-104.

German | 2006, Marijoana productdon
in the Unitad Stares {2006). Bull
Canmabis Reform. {Internet]. Access
Doare; 2014 Jul 28, p. 25, Available
froo: htrp:/ Ferewdrugscicnce.orgd
Archive/ber2 /M) CropReport_2006.
pdf

Ghelarding £, Galeotd N, Di Cesare
Mannielll L, Mazzand G, Bartolind
A 2001, Local anaesthetic activity
of fecaryophellence Tt Fatmaco 56
3879,

Chiosh R, Todd AR, Wilkinson S,
1940, Cusprrbic indior. V. Synthesis of
canpabirml, | Cher Soe1393-6.

G MT., fimenez §, Ocote MA,
Farzaeto A, Tabo Mbd, 1989,
Compatative study of different
essential oils of Buplearum
gibralations Lamasck. Die
Pharmazie 44:284-7,

Gill EW 1971, Propyf homolog of
tetrahydrocannabinol: isoladon from
Catnabis, propertics, and synthesis. §
Cher Soc € Organic 3:579-82

Gomies A, Fornandes B, Lima JLFC,
Mita I, Corvo ML 2008, Molecular
micchanisms of apti-infarnmatory
aetiviy mediated by fiavoncids, Carr
Med Chem 151586605,

Government of Canada, 2014,
Consolidagon: marihuana for
medical purposes regudaiions.
Ottorwea; Miniseer of Justice,
[Iateener) No. SOR/2043-119.
Access Dates 2044 Jul 24, 117 p.
Available from: http Sarwwilasws.
Imsjustice.go.ca/ PRI /3OR-2013-
119.pdf

Americar Herbal Pharmacopoeia® ¢ Cannabis Inflorescerce ® 2004 59



Grore M. Spielier (G 1978a. New
canabinoids. I1 1 Chromarog
154:15-23.

Crrore H, Spielier G, 1978b, Now
canmabingids. The stroctune of
capnabicoumaronone and anslogous
compoands. Termhedron 34:3207-
13.

Hammend C, Mahiberg P 1977,
Momphogenssis of vapitace
glandolar haits of Carnizbis satiea
L. {Cannabaceas). Amer | Boway
65:1023-51.

Hlampson AJ, Grimmidi M. Axslrod
1, Wink B2 1998, Canmabidiol and
{-3A" tetrahpdrocannabinol are
neuroprotective adoxidants. Proc
Nad Adad Sci 93:8268-73.

Haney M, Gunderson B, Rabldn ],
Hatt ClL., Yosburg SK, Comer 31,
Folun RW 2007, Dranabino! and
mariaana in IV positdve mesiuana
smckers. Caloric intake, mood and
sleep. JARDY 45:545-54,

Harwel SO, Loh WH, Roberson
TR 1983, Biorransfarmarion of
cannabidicl o cannablefsoin by
suspension caitoses of Canrabis
setfen and Sacchurutn o ficinaran.
Panta Med 48:17-5.

Harvey 1] 1976, Characterizanion
af ihe buryl homulogues of A'-
teenhydencanmabinol, cannabine
and canmabidiol i samples
of Cammalis by combined jgas
chrotratography and mass
spucirorerry | Pharem Phasmacol
28:2%).5.

Harvey DI 1985, Examirarion of »
140 year old ethanolie cxiract of
Conmabis idensificaton of 2 new
cannabitrivt homologues and the
ethyl hamologue of cannubinal. o

Harvey D, Paron W, Nahas GG,
editors, Marihuan "84 Proceedings
of the Oxford Syrposinm on
Carmabis, Gch International
Cangress of Phatracology, 3rd

Sarctlire Symposivm on Cannabis,
England: IRL. Pr. p. 22-30,

flarvey DL 1990, Stability of
cannabinoids in dided samples of
Cannabis dating from around 1895-
1905, [ Sihaopharmaco! 285:117-28.

tlazckarnp A, 2007, Canabis
extracdng the medicine, [Doctoral}.
Leides: Untversieit Leiden, p. 181

Hazckamp A. 2008-2008. Medicinal
wse G Cannabis a veview: Leiden
(Merherlands): Hazekamp. 108 p.

Health Canada. 2005. Drags and health
products. Frequently asked guestions
— medical vse of manhvana, Grswe
{ON5: Flealth Canada. {Torernet].
Access Date; 2014 Jul 2. Available
from: hup:/ S wweche-se.go.ca/dhp-
s/ masthuana/abour-apropos/
fag-engphp

Henlth Canada. 2012, Maribunna

medical access regulations. (e

(ON): Minister of Justice, Access
Dare: 2014 Jul 2. Avallable from:
hip:/ fwwewhe-se.ge.ca/ahe-ase/
media/ar-cp/_20§272012-193bka-
engphp

131 AJ, Mercier MS, Hill T, Glgn SE,
Jomes NA, Yamasald Y, Fotamura
T, Druncan M, Stowr CG, Stephens
GF et 4. 2012, Cannsbidivarin is
agndconvalsani in movse and rat
in vitro and in soizare models Br
] Pharmacei doi: 13.3111/5.1476-
5381201202207 3

T A], Weston 8E, Jones NA, Smith
i, Bovan SA, Willlason BEM,
Srephens G, Williams TM, Whalley
Bl 2016, A'retmahydtocsnnabivann
suppresses in vimo epileptiform and
in vivo seizure actvity in adulr zats.
Epflepsia 51:1522-32,

. Fillig K3 2004. A chemotaxonomic

anatysis of terpenoid vadation in-
‘Canmalis, Blochem System Ecol
3287391,

Fillig KW 2605, Genetc evidence
for speciaion fa Camnabis
{Canmabaceas). Genet Rosour Crop
Evol 52:161-80,

FHillig KW, Mahlberg PG, 2004,

A chemotaxonomic analysis of
canmabinoid varation, in Cineabis
{Cannabaceac). Am j Bor 91:966-75.

Flofmamm ME, Feazier Cf 2013
Marijuana, endocannabineids, and
epilepsy: Potential and challenges for
impreved therapeuric interventon.
Exper Neurol 244:43-30.

Holland ML, Allen |D, Amold
JC. 2008, Interaction of plane
cannabinaids with the mulddrug
granspotter ABCCT (MRP1), Bue |
Pharmaeol 523:128-31.

Holfey J#, Hadley KH, Torner E.
1975, Consteents of Cenmabiy
sniipa L. X3: cannabidiol and
canmabichromene i sarnples of
known gensgraphical origin. § Pharm
Sci 648924

Hollister LE. 1971, Hunger and
appetite aftes single doses
af maribuang, aleohol, and
dexrroampluetarnine Clin Pharmacal
Ther £2:44-9.

Hewdere AC, Blurne L, Dalon GI.
2010, CB{1) cannabinoid recepiors
and their associated preteing, Curr
Med Chem 17:1382-93.

[ICH] inrernational Confereace on
Harmonization, 2011, Inpuskies:
puidelines for sesidual solbvenes:
Tursrnadona) Conference on
Harmonisacion of Technical
Requirermnents for Registzation of
Pharmaceuticals for Hurman Use
No. Q3C{R3). 25 p.

{IMA] Esraeli bedical Assocaton,
2014, Medical matfjuana regulations
approed by fsracli Cabiner. el
Aviv [lozetnet]. Access Dawe: 2014
TJol 24. 1 p. Available from: hepr//
vowwima orgil/ FNG /ViewNew

50 American Herbel Pharmacopoeiad™ ¢ Cannabis Inflorescorce ¢ 2014

aspr?Newld=1352

Too 1, Feo MU 2013 he sedative offece
of inhaled rerpinclene in mice and
irs smuchure-activisy relationships.
Mat Med 67:833-7.

luvone T, Bepostto G, De Filippis
T, Scuder C, Sreardo Loca, 2008,
Cannabidiol: a promising drug for
neuzodegenetative dissrders? CNS
Nenr Ther 15:65-75.

Tzzo AA, Borrelli B, Capasso R, Di
Matzo ¥, Mechontam R, 2009, Won-
psychotropic plant cannabinoids:
new therapeutic oppostunides from
an ancient herb. Trendds Phaomacol
Sl 3h515-27.

Tzz0 AA, Pischelli F, Capasso R,
Avigllo G, Romazno B, Boreellk E
Peirosine 5, Di Marzo V. 2009.
Petipheral cadocannabinoid
dysregulation in cbesity: relation

" ko igresifnal motlity and encrgy
processing induced by food
deptivation and re-feeding, Br}
Pharmacol 138:451-61,

Johnson JM, Lemberger L,

MNovoiny M, Forney RE, Dalion
WS, Maskatinee MP 1984,
Pharmacological actvity of the
Isasic feaction of maribuane
whole smioke condensate alnne
and {n comlbbinaton with A%
tetrahycksocennabinol in mice.
Toxicol App Pharmacs] 72:440-8,

Jones WA, Hill Aj, Smith 1, Bevan SA.
Williame CM, Whailey BJ, Swephens
G 2036, Canngbidiol displays
aodepileptiform and antseizure
DrOpPertss in vieo and i vive. §
Phiarmacal Bup Ther 332:502-77.

Karslaganis Ci 2002, SIDS ininal
agsessment report for STAM 14
Linalool Berne: UNEP No. CAS
N" 78706, p. 157,

Kavia R, De Ridder [, Constantinescy
{28, Srott CG, Fowlar C). 2010
Bandomised conmolled wial of
Sadfews ta wear detrusor over activiry
i3 mulriple sclerosis. Mulr Scler
16:1349-59,

Kisko G, Roller 3. 20065, Carvacrol and
preymeng innctivare Fscherichia coli
O157H7 s apple juice. BMC 336,

Rorte U Huag M, Clagssen 1 1965,
Teteahycdrocannabinclearboxyhic
acld, & component of bashish.
Angew Chem Lot 408725,

Koste T, Sieper FL 19642, On
the chemdcal classiBeation of
planss. XAV, Investigation of
hashish consdments by thin-Jayer
chromatography | Chromatog
13:90-8.

Korte F, Sieper H, 1964b. On the
chernical classification of plants,
KXV, Quanduadve determination
of hashish compoaents by thin-
layer cheomaography. § Cluomaiog
14:78.83.

Kose BO, Deniz 1G, Sarikurkes O

Akwas O, Yavuz M. 2010, Chemical
composition, sredmicrobial 2nd
anfioxidant activides of the csseriial
oils of Sidesids arythrantha Boiss,
and Heldr. (var. erythrantha and

war. cedretorum PH Davis) endenic
it Tarkey, Food Chem Toxicol
48:2960-5, _

Kueppers TIEM, Lousherg R}J,
Bercht CAL, Salemink CA, Terlow
JK, Hoarroa WA, Laven A 1973,
Cannabis VT, Pryolysis of
cannabidiol. Stmeture slucdation
of the main prrolytie preduet.
Tetrahedron 20:2797-802,

Lakhan 8E, Rowdand M. 2009, Whole
plant Cammadis exiracs in the
fredmient of spasticily in fnultipic
sclexosis: & sysernatic review BMO
Nenrology %:59. )

Lamarck [B. 1785, Encyclopedique
meihodigee, Botanigie [ (part2),
Paris: Panchoucke. Unknoxen p.

Taia FL Bedir B, Hosick A, Ganzesa
B, Khan 1, Moraes RM. 2002
In vitro plant regeneraticn from
leaf-derived callug in black cohosh
{Chatieifisge racenmnsa. Planta Mid
68:012-5,

Lata H, Chandra §, Khan T, ElSohly
MAL 20098, Propagaton through
alginate encapsulation of axillary
buds of Censalic eatite L-an
important medicinzl plant, Physiol
Mol Biol Plants 15:79-86.

Lata H, Chandra §, Khan 1A, BiSohly
MAL 2009, Thidiazoron induced
bigh frequency direct shoot
organogenesss of £, afis L. In vitro
Celiular Dev Biology-Plant 45:12-0.

Lata H, Chandra 8, Khan 1A, ElSchly
MA. 2010, High frequency plant
repeneradion from leaf dedved callus
of high &%-tetrahydrocannabing)
vielding Coumnabls sitive L, Planta Med
F6:1629-33.

Leandzo LM, Vargas FDE §, Batbosa
PC, Neves I, da Silva JA, da Veiga-
Jonioe VE. 2012, Cherndstry and
biological activities of terpenoids
from copaiba {Cabajfera spp.)
oleswesing. Molecules 17:3866-89.

Tdgresd A, Motiello A8, Sravewics K,
Maiiaz |, Pisand 5, De Peaocellis L,
Laczza £, Ponella G, Bifuleo 3, Di
Marzo V. 2006, Antitumor activity
of plane cannabinoids with emphiasis
on the effecs of cannahidiol
on haman breast carcinoma. |
Pharmace! Exp Ther 318:1375-87.

Linaaeus C. 1753, Species Planmoum
Stockhiohn; Satvias [Facsimile edivon,
19571959, Ray Society, London,
K], 1027 p.

Loewe 5 1944, Swdies on the
pharmacology of marlhvans. T
Commitiee L, editor. The matihiuana
problem in the city of New York,
Lancaster (PA) Jaques Canelt Pr. p.
148.242

Larenzerit B, Souza (G, Sart 8, Filho




I3 Perreira . 1991, Myrcene mimics
the pesipiwral analgesic actving of
iemongrass rez. ] Ethnopharmacel
34:43-8,

Lousberg RYJ, Bercht CAL, Van
Ooyen R, Spronck HIW. 1977,
Cannabinodiol: conclusive
densification and synthesis of a new
cannabinoid from {annabis sativa.
Phytochemigry 16:593-7,

Machado Rocha FC, Siefano 8C,

Dye Cassia Haiek R, Rosa Oliveira
LM, Da Silveira DX. 2008,
Therapeutc use of Cannabis sative
on chemotherapy-induced nausea
and vomitdng among cancer patients:
systemnatic review and meta-analysis.
Fur ] Can Care 17:431-43.

Maffei ME, Gegisch §, Appendino G.
2011, Plane voladles: producdos,

" Funciion and pharmacology. Nat

* Prod Rep 268:1359.80.”

Muahiberg PG, Tuiner ), Hemphill 3,
‘Hamimond C. 1984, Ulnastructure,

developrment and compodton of
glandular michomes of Canmabis.
ke Rodrigoes P Flealey B, Mol I
edimrs, Biology and chemisiey of
plant trichomes. WY Pergamon p.
25-51.

Makerivannis A, Tan X, Guo } 2005
How tipophilic cannabinengic gands
reach their recepror sites. Frostag
Orher Lipid Med 77:210-8.

Malhotea 8, Sug S, Tub R, 2009
Antoxidant activity of citrus
cultivars and chesnical compasiton
of Cirns kurnz essential oil. Planes
Med T5:62-4.

Malingré T, Hendriks H, Barterman S,
Bos R, Vissei | 1975, The essendal
oit of Carnabis sative. Planta Med
28:56-61.

Mandolno G, Ranalli P 1999,
Advanees in biotechnological
approaches for hemp breeding

. and industry. In: Ranalli P, editor.
Advances in hemp ressarch, New
York: Haworth. p. 185-208.

Martin-Moreno AM, Reigada 1),
Ramirez BG, Mechoulim R,
Tamamorato N, Cuadado A, de
Ceballos ML 2011 Cannabidiol and
ather cannabinoids reduce microglial
activation in vigo and in vive:
relevance wo Alzhéimeds divease.
Mot Pharmacol 79:9564-73,

McFhsgh B, Hu 85, Rimmeroan N,
Juknat A, Vogel Z, Wallees 1M,
Bradshaw HB, 2010, Nearachidonoyl
givcine, an abundant endogenous
lipid, potently drives divected
cellular migmaten through GPRIS,
the putative abnormal cannabidiol
cecepior. BMC Neorosci 11:44.

MeLaren J, Swift W, Dilion 2, Alilsop
S. 2008, Cmnaber potency and
contarnination: 4 review of te
Hterature, Addiction 103:1100-9,

McPartland . 2002, Contaminants
nd adulterants to herbal Cennadis,

Singhamron (N¥): Haworth 337 p,

MePardand 1M, 1996, A review of
Cannalis diseases, § Int Hemp Assoc
3:19-23.

McPardand [M. 2008. Adulteradon
of Capnalis with ebacco, calamus,
and ather cholinergic compeounds.
Addicr Biol 13:411-5.

McPardand 1M, Blanchon 1,

Musty RIL 2008. Cannabimimeric
effecrs modoiared by cholinergic
compounds, Addicr Biol 13:411-5.

McPariland T, Clarke R, Wason
DP. 2000, Herap disenses and pests -
management and biological contrrl,
Wallingford (UK): CABL 272 p.

MePardand M, Hillig KW, 2006.
Host-parasite relationships in
Cannabix. } Indus Hemp HES3-104

MePardand JM, Mediavillz V. 2001,

Non-cannabinoids in cannabis.
In: Grotenhermen F, Russo BB,
editors, Cannabis and annabinoids
Binghamron (NY): Haworth Pr,

McPardand JM, Prutt PP 1999,

Side effects of pharmaceniicals

not clicited by comparable

herbal medicines: the case of
tetrahydrocannabina] and marijuana.
Alrern Themp 5:57-62

MePardand 1M, Russo BB 2001,
Cannabis and Canmabis extracts:
greater than the sum of their parss?
} Cana Ther 1:103-32,

Mechoulam R. 1988, Alkloids in
Cannabis sativa L. Academic Pr.
7193 p.

Mechoulans R, Ben-Zvi 2,
Yagnitnsky B, Sham A. 1969,

New tetrahydrocannabinolic acid.
Tetrahedron Lett, p. 233041,

Muechoukam B, Gaonl Y 1965,
Bashish. TV Isalados and snmucrore
of cannahinolic, cannabidiolic, and
cannabigerolie acids. Tetrahedron
2112239,

Muchoulam R, Gaoni ¥ 1967, Recent
advances 10 the chemistiy of
hashish. Vortschr Chern Cirg Nurarst
25:175-213.

Mechoutam R, Tanud 1. 2002
Cannabidiol: an overview of some
chemical and pharmucological
aspects. Part 1t chemical aspeets.
Chem Plysics Lipids 121:35-43.

Mechoulam R, MNaftali I, Brevey
A, Zahalka | 1990, Svnthesis of
the individual, pharmacologically
distinct, enatdomers of 3
retrabydroccanmabined derivative.
Terrghedron Asyimm 1:315-8,

Mechoubun R, Parker 1A, Gallily R
2002, Cannabidiol: an overview of
some pharmacoiogical aspects. | Chin
Pharmacol 42(11 Suppl):115-193.

Mechouwlan R, Shve Y. 1963, Hashish.
1. Structure of cannabidiol.
Terrshedron Loty 1920738,

Mediavilla ¥, Stelperpann 8. 1997,
Easental ol of Comelds saifua T,

strsins. } lnt Hemp Assoc 4:80-2,

Mehmedic Z, Chandea S, Sade D,
Denham H, Voster §, Patel A5, Ross
54, Khan [A, HiSohly MA. 2010,
Potency trends of A™-THC and
other canmabineids in confiscared
Cannakis preparadons from 1993 wo
2008. } Foren Sci 55:1209-17.

IMHRA] Medicines and Healtheare
Products Regulatory Ageney.
2010, Public assessment repork:
Sabivex oromucpsal spray
UK /H/2462/801DC. {Ioteened:
MHRA. Access Dape: 2014 Jul 2.
114 p. Available from: hitp:/ /@
obra.govuk/home/ groups/ par/

" documents/websiteresources/
con{384961.pdf

Mikusiga TH, Aldsich MR. 1988.
Candiobis 1988, Old drug, new
dangers. The poteacy guestion. }
Psyeh Diugs 20:47-55. )

~ Mills B. 2011 Hoergy up in smoke.

The carbon foatpiing of indoor
cannabis production, [Interaet],
Aceess Darer 2014 Jul 2, 14 p.
Awzilable from: http:f Fevan-mills.
com/encigy-associates / Indoorhoml,

Mishima K, Hayakawa I, Abe K,
Tkeda T, Egashira N, Twasaki K,
Fujiwara M. 2005, Cannabitfiol
prevents cerebral infaretion. via #
serotonergic S-hydroxyrrypraminel s
receptor-dependent mechanism.
Streike 36:1077-82.

Migazawa M, Watanabe FL
Katveoks L 1997 Inhihidon of
acetylcholinesterase activity by
monotespencids with 2 p-methane
skeleton. | Agricult Food Chem
45:677-9.

Mode ML, Towner CE. 1974,
Phyrochemical streening of Cannabis
sativa Lo 1. Consttuents of an Indian
vatkint. | Pharmacent Scf 63:154-6,

Moncfosd §, Small B, 1999, A
comparison of the biodiversity
frlendiiness of crops with special
reference w hemnp (Cannabis suiivg
L3 ] Intern Hermp Assoc 6:53-63.

Marita M, Aado H. 1984, Analysis of
hashish ol by gas chromatogaphy/
mass specaremiery. Kagihu Kedsatsn
Kenkyushe Hokoke, Flokagako-hen
37:137.40,

Musty RE, Karnlol 1G, Shivikawa
1, Takahashi RN, Kaoobel
T, 1976, Interactions of A%
etrakydeocanazbinol and
cannabinol in maa, Tn: Braude MC,
Suara 5, editors. The pharmacology
of matihuans, New york: Raven Pr.
P 55963,

MNeff GW, O'Brien CB, Reddy KR,
Bargasa NV, Regev A, Molina B,
Armiza R, Rodriguez M, Chase ¥,
Jetbers L. er al 2002, Preliminary
observation with dronabinol in
patients with intracrable pruositus
secondary to cholestaric lver disease.
Am § Gastroentercd $7:2117-9,

Nelson K, Walsh D, Deeter P, Shechan
T 1994, A phase 11 study of A%
tetrahydrocaanabinol for appesite
stimulaton in cancer-associated
snorexia. | Palliat Care 10:14-8,

MNewcome E. 2006, Dr Russell
Newcome oa the ACMD repost on
Cannabir. {Internet]. Access Date:
2014 Jul 14, Available from: hupy//
wwwhifelineproject.couk/Dr-
Russell-Neweomme-on-the-ACMD-.
teport-on-cannabis_25.php

INIDA] Natoiad Instite Drug
Abuse, 1998, Provision of marijuana
and othe: componnds for scieniific
tesearch - tecosnmendatons of
The National Lnstitute on Drug
Abuse National Advisery Cotmedl,
Rocivilie (MEY): Natiofal Instnste
of Health. flatemed. Access
Drite: 2014 Jul 24. p. 6. Available

" from: http:/ farchives.drugabuse,

- gov/about/organization/ nacda/

" MatijnanaSratement himi

[INIDA] Nadonal Institue Drug
Abuse, 2012, Spice (synthefic
-marijeanal. [intemed, Access Dare:
2014 Jul 10 p, 1-2. Available from:
wwdrugabuse. gov

Neoma Y, Asalcawa Y 2010,
Biowansinemation of
monoterpeacids by microvtganisms,
insects, and mamerals, Tn: Baser
KHC, Buchbuwer (5, editors,
Handbook of essential oifs:
science,technology, and spplications.
Boca Raton (FLY: CRC Press. p.
388736,

Obara Y, Eshikewa Y 19606,
Constituents of hemp plant
(Cannabic sating) 113 Isoladon of
a Gibbs-positive compound from
Japanese hemp. Agr Biol Chém 30:
619-26,

FOME] Ofbce of Medicinal Cannabis.
Z003. Guidelines for cultivating
Canratis for medicinal purposes
[Voorschuifren voor de Verbouw
van Cannabis woor Medicinale
Docleindent § Caan Ther 3:51-61.

[OMC) Office of Medicinal
Cannabis, 2011, Medicinal cannabis
informaidon for paiients. The Hague
{I'e Netherarads): Instoate for
Responsible Medicine Use and the
Office of Medicinal Cammabis of the
CIBG, Ministry of Health, Welfare
and Sport. [Internet]. Access Dare:
20114 Jul 24 p. 16 Available from:
hiip:/ fwerarcannabisburean.nl/en/
doc/pdf/ 5089-A5-BMC-Par ENG-
web_25097. pdf

Orriz de Ushina AV, Martin ME.,
Mosntero M), Morin A, San Roman
L. 1989, Sedating and anidpyrede
activity of the essential o of
Calaminthe sylpatica subsp. ascendens. §
Ethnophatmacol 25:165-71.

Pagand A, Scala F, Chiunese G, Grasst
(3, Appendino G, Tagliateli-Scafati
0. 2011, Cannabioxepane, 2 novel

American Herbal Pharmacepocia® » Cannabis Inflorescence » 2014 61




wrracvelic cannabiaaid from hemp,
Casnaiis rativa L. Terrahedron
6H3369-73

Page [ 1994, Chemical ecalogy of
Connatis. } Lnter Hemp Assor 2:32-7.

Peana AT, I2e Monts MG, Sechi §,
Sircana G, I daquile P, Pippia
P, 2064, Effccts of (-inalool in
the acute hyperalgesia induced
by carmageenan, L-glusamate and
prosiaglandin B2, Eur § Pharmacal
497:279-84.

Perry N, Couxt G, Bidet N, Court
J. Pesry B, 1996, Eveopean herbs
with cholinergic serivity: poretal
in dementda therapy: Tater | Gedair
Psch 1130639

Persy NSL, Houghion PJ, Theobald
A, Jenner P, Persy EIKL 2000.
lo-viizg wihihitdon of human
erythraevie ncetylcholinesierase by
Salviz lavandulackolia casential oil
and sssrituent ierpenes. | Pharm
Pharmacol 52:895-90G2,

Persson M, Sjodin K, Borg-Rarleos
Al Norin 7, Ekberg 1 1996,
Relative amoants and enantiorneric
cotnposgtons of monotegpens

ydeoearbons In wylem and acedles -

of Piew abies Phywochomisuy
42128997,

Portwee RGL 2008, The diverse CB,
and CB, recepws pharmacology
of three plant cannabinoids: A’
tetrshydiocannsbingl, cannabidiol
and A tetrahydrocannabivarie, Br]
Pharmacol 133:199-215,

Pertwee RG. Howlett ACL Abood
ME, Alegander SPH, Di Marzo V)
Elphick MR, Greasley PJ, Hansen
FIS, Kunos 0, Mackie K. ec af. 2010,
Triernanonal Unios of Basic and
Clinienl Pharmacology. LXXTX.
Casnabinoid receptors and thelr
Hyands: beyond OB, and CI.
Pharmacol Rey Pharmacol Rew
HZAHE-G31.

Perrwen REG, Thomas A, Stevenson
LA, Ross RA, Varvel SA, Licheman
AH, Martin BR, Raxdan REL 2007,
The psyehoacive plant cannabiookl,
A retzabydrocannabingl, is
antagonized by A% and &%
retratipdrocannabientin in mice in
vive Br | Pharmacol 150:586-94.

Petrzitka T, Haefliger W, Sikemeier
C. 1969, Syathesis of hashish
cotnpoeents, TV. Helver Chim Acts
52:1102-34.

Pirts JT5, Neal [ID, Gough TTA, 1992,
Some fearures of Cannabis planes
grown in the Unired Kingzdom trom
seods of koown osigin, | Phaon
Pharmaro! 44:947-51,

Poltasiro F, Taghataela-Scafad O
Allara M, Munox I, 1§ dMarwo ¥, De
Perrocalis L, Appendine G 2011
Bioactive prenviogaus cannabinoid
feon Biber hemp {Cannabis s, ]
Nat Prod 74.2019-22.

Potter D, 2004, Growth and

mosphology of medicinal Cannabis.
in: Gy GW, Whinde BA, Robson
1, editors. The medicinsl uses of
Camnebis and cannabinoids. Tondoa:
Pharfnaceut Pr. p. 17-34.

Patrer D 2009, The propagadon,
characterisation and optimisaton
of Crunleis sadra 1. a8 a
phytopharmacestical. London:
King's College London. p. T3l

Potter I, Duncombe P 2012 The
cffect of clecitieal Highdng power
and irradiance on indeor-grown
cannabis potency and weld.
Forensie S 57:618.22.

[ProCon.org]. 2014, Whe are the
patients teceiving medicsl masizana
through the Federal prawrmment’s
Compassionaic 1IN Progran?
[Yaternet}. Access Tdarer 2014
TJul 24. Available from: hopt//
medicalmadjuana.procon.org/ vies
aoswers.phisequesnionl D= Ig257

“LAn N, Neeper M, Liv Y, Hutehinson

T, Lubis ML, Floses O 2008,
TRPV2 is activated by cannabidiol
#nd medisres CGRP seleast in
enfiuzed gai dorsal oot ganglion
neurans. § Newrosel 28:6231-8.

Rachwan MM, BlSohly MA, Shade
D, Ahmed SA, Khan 1A, Ross
SA. 2009, Biologically active
cannabinoids from high-porency
Coannabis sstivn. | Mat Prod 72:906-
1.

Radwan MM, BiSobiy MA, Slade: 13,
Abaved SA, Wilson L, Al AT,
han IA, Ross SA, 20082, Now
caringbinoid constiuents from a
high potency Camnabis safive vty
Phytochemistey $§9:2627-33.

Radsweuan MM, Ross SA, Slade D,
Ahmed SA, Zultigar T, BiSshly MA.
2008, Tyolanon and charciorization
of new Camafis constients fiom
# high putency vaziety, Plunts Med
TA267-T72.

Rahn B], Hohmans AG. 2009,
Canpubinoids &5 pheermaco derspies
for newvopathic pain: from
the bench io the bedside,
Nenrodherapsutics 0:713-37.

Raman A. 1998, The CGomabis plant:
botany, cultvadon, and processing
for use, in: Brown IDT, ediroz
Cannaliis - The geaus Caprably
Asnsrerdam: Harwood Acad, p
32-57.

Randerson | 2007, Wasning issucd
o Cannabis sdulterated with glass
beads. {Tuternet}. Access Dare: 2014
Juk 28, Aomilable Feoim Tutps//wars,
dheguardian cony/saciety/ 2007/
jan/ 12/ drugsandalcohol drugs

Rac V8, Mencres AM, Vianas G5
1990, Fiffeor of myrcens on
asciception in mice. } Pharm
Pharmacol 42:877-8.

Resstel LB, Tavares RE Lisboa 5F Joca
SR, Corres FM, Guinmeaes F5. 2009,
- FTLA recepuors axe involved in

62 American Herbal Phormacopocia® ® Cannabis Fnflorescence @ 2014

the canpabidiol-tinduced attenuation
of behavicural and cardiovasculaz
SESPONSES 1 RCUTE TeSITALDT SUCSS i
zaws, Br ) Pharmacol 156:181-8.

Renter PTL 2010 Marijeana
Tegalization: What can be learned
{rom other counies® Santa Monica
(CAY: Rand Drug Policy Rescarch
Center. [Intened. Access Date: 2014
Tl 28, Avasiable from: hitpe/ fow
rand.ozg/content/ dam/ sand /pubs /
working papers/ 2010/ RANID_
WRTTI.pdf

Riyazi A, Heonsel A, Baves K, Getssler
N, Schaff 8, 1] V. 2007, The effeer
of the voladle oif from ginger
shizomes (Zingh offcinales, s
fractions and isolted compounds
on the 5-FH7T3 recoptor complex and
the serotoninergic system of the
flenm, Plants Med 73:335-62,

Roek M, Goodwin JM, Livocbees C1L,
Brever Al Perrwoe RG, Mechoulam
R, Parker LA, 2010, Inweiciinn
hetween non-psyehotopic
cannabinolds in madhuapa: effect
of cannebigeral (CBG) on the
anti-nagses or antl-caetde affects
of cannabidicd {CBIN in rats sad
shiews, Psychopharmacatogy
218:505-12.

Rog 12}, Nurmike T, Prede T, Vourg
{.. 2003, Randomizad controlled
wriad of Cerpapiz based modicine
in cenital nevropathic pain duec
o multiple sclerosts. Neurclogy
65:812-9.

Rosenshal B 2014, Fd Rosenchal's
marijuans grower's handbook.
Oakland (CAR Quick American
Sitp

Rosmarin A, Bastwood N, 2012,

A guiet revolution: drug
dectiminalisaton policies in practice
aczoss the gobe UG Release,
[internes]. Access Dare: 2014 Jol 2.
44 p. Available from: hepe/ Sovew
refeasenngrak fuives Srelease.orgak/
files /| pdff"pubiimfjonsfﬂckz;iﬁc_,
(e Bevolotion 200 3.pdf

Boss SA, LlSahly MA. 1996, The
vohle oil compositton of fresh and
air-dried bads of Capebis sotive L.}
Nat Prod 5%:49-51.

Rase S, TtSobly MA. 1999, CBN
and A% THC concentration tana a3
zn indicator of the age of stoved
raarifuang samples. Bull Nare 49-
S50 47

Ross 8A, Elschly MA, Sultana GNIN,
Mehunedie 2, Hossain CF, Chandea
S. 2003. Flavonold ghcesides and
cannabineids from the potlen of
Cutnnais sativa . Phyrochem Anal
14:45.-8,

Russo B. 2004, Uisiory of Cannabis
as a mediciae. Tn: Guy (W,
Whitide BA, Robson P, aditoss.
The medicinal uses of Conmabic
and cannabineids. London:
Pharmaseuncal. p. 1-16.

Russo ER. 2017, Taming THC:
potental Casnebds synetgy and
phytocannabicoid-terpenoid
entourage effecis. Bt } Pharmacel
1631 344-64,

Russo EB, Burnett A, Hall B, Parker
KIC 2005, Agonistic preperdoes of
cannabidiol at 5-HT 1a recepiors,
Neuvrochem Res 30:1037-43.

Rumso BB, Guy GW, Robson ), 2007.
Cannabls, pain, dnd sleep; lossons
from therspeutic clinical trials of
Sativex, a canaabis-based medicing,
Chem Biodiver 4:1729-43,

Sarnuelsson G 1992, Diugs of natural
origin. Stockhobm: Swedtsh Pharm
Pr 320 p

Sehmites RE, Kleis WT, Plowsyan T,
Lodkwoid TE. 1974, Canmbis: An
cxarmple of mxonoaic seglect Hary
Viniv Boe Mg Lieaf 2333767,

Seuderd C, e Filippis T, Tevone T,
Blasio A, Steardo. &, Hsposito G
2608, Cannabidiol in medicine:
review of its therapeutic potendal
in CNS disenders. Phyiothor Res
AAAGT602.

Shani A, Mechoalam B 1970, A new
rype of cannzbinoid. Synthesiss
of cannablelsoie acid A by a novel
phote-oxidaiive cypclization, | Chem
Soc 12:273.4,

Shant A, Mechoulam R. 1974,
Canmabielsoic actds, Isolation
and synthesis by a novel exidesve
cyclization, Tetrabedron 30 243746,

Shi G Cal Q. 2009, Cadmize
wkeranee and securnulaton in
eighr potenial encrgy crops.
Biotechnology Advances 27:335-
561.

Shopama Y, Fujita T, Yamauchi T,
Nishioka 1. 1968, Cannabas. 11,
Cannabichromenic acid, # genuine
sobsmnne of cannabichromens.
Chewn Phatmmaceut Bull 16:1157-8,

Shoyama Y, Kuboe K, Nizshioka I,
Yamauechi T, 19728, Casrabir, VIL
Cannabidiol monomethyl ether.
Mo nevval cannahisnid, Chem
Pharmacee Bull 20:2072,

Shovama Y, Motimoto §, Nishioka
T 1981, Cannatis. XIV. T
new propyl cannabinoids
cannzbicysicvarin and A’-is-iso-
wieahydiocannabivaring from Thai
Canpabis. Chern Phatinaceut Boli
A FTHIAL

Shoyanm Y, Oku R, Yamaochi T,
Nighioka I. 1972b, Campabis,

VE Cannabitvelolic acid. Chem
Pharmaeeut Bull 20:1927-30,

Siegrel BZ, OGaender L., Siegel SM. 1988,
Mercury in marijuam. BioScience
38618525,

Sistkantaramas 5, Mothnioso §,
Shoyarma Y, Ishilewan Y, Wada
¥, Shovarna Y, Teota T 2004
Eaxyme carabysis and regulation:
The gene controling marujuana




psychonctvity; Molecular deing and
heterologous expression of A
retrahycrocannebinolic acid synibase
fremn Cannabis safirs L. § Biol Chem
27939767 T4,

Sirkanraramas S, Taura I, Morimose
S, Shayaima Y, 2007 . Recent
advances in Cumpabin sofive researchy
biosyoihetic studies snd its porential
in biotechnology Curr Pharmaceut
Biowchnol §237.43.

| Slusarkiewicz-Jarzna A, Positka A,
Kaczosek Z. 2003, Influence of
cuttvar, explans soures and plany
growh regulatar on caflus inducton
and plane regencvadon of Carmmsbiv
sative L. Acea Biol Craco Ser Bot
A7 14551

Senali . 1979. The species problem in
Campalis. Toronty; Corp Infor Sevv

- Lbm. 218 p.

Sonail B, 1997, Camaierliis. New York:
Oxtord Undv Pe. 616 p.

Sermll E. 2007, Cppnabiv as a soutce
of medicinals, nutraceuticals, and
funcriond) foods, 1o Adharya 8N,
Thornas | T, editors, Advarces
i meshicinal plant tescarch.
Trivandruen Inding: Research
Skgmpost, p. 1-39,

Senadl I, Becksiead FID. 1573,
Common cannabineid phenotypes
in 330 stocks of Cemabis Tioydia
36344165,

Small B, Cronguist A. 1976 A
practical and aniural mronomy for
Cannzbis, Taxon 25:405-35.

Srewall B, Marcus I 2002, Homp: A
new czop with new sses for North
Arneriva. L Janick |, Whipkey A,
editors, Trends in pew ¢ropy and
new nses. Alexandiia (VA ASHS
Pr. p. 284-326.

Smith RM, Kempfert KID. 1977,

A3 4-cis-Teiahydrocannabinol
in Cannabir sative Phytoechemisrry
16:1088-9.

Souto-Maior FN, de Carvatho P15, de
Moerafs L0, Nerto 86, de Sousa DR,
de Almeida RIN. 2011, Anxiolytic-
like effects of inhaled linaloal exide
i experimental Bi0use anxiaty
models. Pharmacol Biochem Behay
1K2559-03,

ISP Siddha Pharmacopocia Indi.
20K18. The Siddha Pharmacopeeia
oF Indiz. MNew Delhi Siddha
Pharmmcopesis Committee,
Depariment of Ayorveda, Yog &
Nataropathy, Unani, Siddha snd
Homoenpaihy (AYUSH), Minisery
ol Flealth & Tarmily Welfare,
Government of Tndia,

Srafford ML, 204 3, The guier ganr:
sraels discreer and successful
miedicinal Cannalis program,
HerbalGram 97:35-45.

Srahl B, Kunde R 1973, Die
| sirsubstenzen der Haschisch-
Suchhunde. Leading substances for

hashish narcotic dogs. Krminalistk
9. 385-5.

Starks M. 1990. Marijoana chemistry
- genetivs, processing, 2nd poency.
Berkelew: Ronk, 191 p.

State of Tsvael Prime Miniswecs
Office. 2011, Cabinct approves
armangements for the use of
cannabis for medical purposes.
[nterned, Access Date:

2014 fut 28, Available froms
brip:/ /stopthediugunong/
chronicle/ 201 1 /aug /07 fistact..
cabinet_appioves_medical

Sievens PT 2001, Cannsbacens
{Interaet]. Access Date: Now 22
2013, Awailable from: hnp:f o
mobot.org/mobot/ sesearch/
apweb/ordurs/ rosalesweb,
huntCannabaceag.

Stroup K. 201 4. Despite Jegalization,
thousands of Americans still go |
1 jait-and need lawyers to defend
them [Infernet|. Marfjoana.con.
Avgilable from: hup:/ /markfuans,
corm/news/ 20H4,/07 / despire-
egalization-thousands-of-americans-
sgl-go-to-jail-nid-need-lawyers-to-
defund-thens/

Bun | 2007, D-Limonene: safety and
clinical applications. Alicrn Med Rev
12:259-04.

Suuikuusk G, 2010, Validasion of the
gas chrogmatogeaphic method for

THE, T8 and CBN deenmination.

PMasters]. Tarto, Bstonky: Universiey
of Tagt p 40,

Swife W, Wong A, Li KM, Azacldd
G, MoGregor LS. 2013, Analysis of
Cannabis sanires in NSW, Avstealia:
Cannesii poreney and cennabinoid
profile. PLOS One 8:670052.

Swissmedic, 201 3a. The way
o the Cumbis medication,

Bern: dwispemedic, Division
Complementary Herbal Medicines.
{internet]. Access Dares 2014 Jul
1117 o Available from: hept/ /
wwwistenn.chy/ Ales/ presenition_
rsehusnperinpdf

Swissmedic. 2013b. Zulassung cines
Agrpeimitkals mit neuemn Wirkswoff
Sarivex®, spray zus Anwendung tn
der Mundhdhle {Cannalbis sativac
felii cum Hore extereium spissamy).
Swigsmedic J:945- 1065

Tambe ¥, Teapuchi F, Honda G,
Tkeshire Y, Tanaka S, 1996, Gastiic
cytoproicciion of the non-steroidal
ani-inflammatory sesquiterpene,
beta-caryophyliens Planta Med
62:469-70.

Tauia F, Morimots S, Shoyania Y.
19935a, Cannabinerolic ackd, a
canmabinoid from Cansebis sativa,
Phyvrochemistry 39:457-8.

Tanra B Morimoto 5, Shoyama
¥, 1996, Pusification and
characrerizating of cannabidialic-
acid synthase from Carrebie seting

1. Biochemical analysis of &

niovel enzyme that caralyzes the
oxidocyclizaton of cannabigerolic
acid to cannabidiolic acid, § Biol
Chem 271:17411-6.

Taura F, Monmoto 8, Shoyama Y,
Mechoufam R. 1995b. First direct
evidencr for the mechamism of
Al-emahydencaonalinolic acid
bioeynthesis, | Am Chem Soc
117:9166-7.

Thomss A, Bailie GL, Phillips AM,
Razdan R, Ross RA, Pertwae
RO 2007, Cannabidiol displays
unexpectedly high potency as an
antsguaist of CB, and CB, seceptor
agonists in viteo. Br ] Pharmacol
15(:613-23.

“Thomnas A, Stevensen LA, Wease
KN, Price MR, Baillie G, Ross
R4, Pertwee RG, 2005, Evidence

" that the plant tannahinoid &’
serrahydoeannabivadn is a
cannabinoid (B, and OB, receptor
anizgonist, Br | Pharmacol 146:917-
26.

Tubato A, Glangaspere A, Bosx
8, Megri R, Grassi G, Casano
% Della Loggta B, Appending
G. 2010, Corpatadee wplcal
anti- Inflammmriory acriviny of
carmabinaids and canmabivagins,
Fientetuapia 81:616.9,

Turner CE. 1983, Camnalys: the plant,
Tts drugs, aisd aelr effecin Avin
Space Environ Med:363-8.

Tarner CT, Blsotily MA.

1981, Biological activiry of
canmabichromene, lts homologs and
isatners.  Clin Pharmacol 21(8-¢
Suppl):2835.2915

Turaer O, Blsohly MA, Bocren BG.
1980b. Constitients of Caumabisc
sardzmz Lo ¥VIL A review of the
ratural constivuents, } Nat Priod
A3169-304.

Tutnar OF, Hau MH, Koapp JE,
Sehiff PL Jr, Slaekin D] 1976,
Tsolaton of canmabisativing, sn
alkaledd, from Canmabis sative L. toot.
J Pharss Sci 65:1084-5.

Turner CFE, Mole ML, Hanes L,
Eisohly N, 1981, Constitueats
of Crnnabis sativa L. XIX. Tsolation
and structure chucidation of
cannabiglendol. A novel cannabiooid
frorm an Endian variant. | Nat Prod
Ad:27- 33

Turner ], Hemphill |, Mahiberg PG
1980a. Trichomes and cannabinold
content i developing leaves
and braces of Cenaaebis sativa Lo
{Cannabacead) fimer ] Bot 67:1397-
4.

LS. Department of State, 2014. Learo
about your destinatton. [Internet].
Access Dare: 2014 Jul 2. Available
fromy: hitps/ /iravel siate pov/
contént/ passports/ eaglish / countre

htmi

United Nadons. 1973, Single
comvention on oRreotc druge 1961

. {as amended by the 1972 protocol
amending the Single Consenton
on Narcote Drigs, 1961} Geneva:
Uinited MNatons. {Interner]. Access
Diate: 2014 Jul 2. Availuble from:
b/ ferwewnandc.org/ pdf/
cotveation_1961_erpdf

United Nations. 20134, Sextus as ai:
15-01-2013; Single convention
on narcotc drogs, 1961.

Herndon {YA): Ulnited Nations.
[Teterner]. Access Dater 2014 Jul

2. Available from: hegpe/ fueades.
uinorg/ Pages /Y tewetails,

wpxrsre TREATY &mudsg_no=V1.
158 chaprer=68ciang=en )

United Nations. 201 3k, Stamns a5 ag

15-01-2015 Provocel amending
- the Bingle Convenrion on Naworic
Thugs 1981, Herndon (VAR
United Matons, Aceess Dare
2014 Tul 2. Available from: hap://
ireatiegonorg/ Pages/ ViewDetails.
aspxPstc=TREATY &unudsg. no=VI-
i7&chapier=68dang=en

[UNGDC United MNations Office oa
Drogs and Crime. 2006, Wordd Deug
Rezpore. United Nations Office on
Thrugs and Crime. Vieans: Vienna
International Conter,

URIGDE] United Natdons Office
en Dyvugs wnd Ceime, 2009,
Racorunended méthods For the
idendficarion aod anslysis of
Cannabir and Coreeliz produces
Viensa: Unieed Nations Office on
Digvgs and Crirme, {Internet]. Access
Date: 2614 Jul 2. 60 p. Available
from: hitp:/ /wawunode.ong/
documents/ scientife/ST-NAR40.
Eboalpdi

[UNEGDC) Unired Natlons Office on
Dirugs and Crime, 2011 World Drug
Report 2011, New York: United
Natinus, 266 p.

{UNODC] United Nations office on
drugs and erime. 2074, World drag
report. New York: Hnited Nadoos.
finternet]. Access Dave: 2074 Jui24.
128 p. Available from: heeps/ /oo
ungde.orgfdocaments/wdr2014/
World_Timg Reporr_2014_web,pdf

[UPI] Unant Pharrmacopocia India.
2007. The Unuri Pharmacoposia
of India, New Delht (Indiak The
Unani Pharmacopoeiz Commitee,
Department of Ayureveds, Yopgs &
Naturopathy, Unani, Siddha and
Homoesapathy (AYUSH), Minisoy
of Health & Farnily Welfare,
Gevernment of India

Urugoay. 2013, Poder Legislative,
Uruguay. [Inieenet] No: Ley No.
19172 Access Date: 2014 Jul
28. 24 p. Asmilable from: hops//
archiva.presidencia.gubay/scl/
leyes/2013/12/cons_min_803.pdf

IS United States Code. 2010,
Tide 21 food and drags, Chapter

American Herbal Pharmacopoeia® = Cannabis Inflorescence » 2014 63



13 drug abuse provention and
control, subghapter 1 control agd
enforcament, Part A inmoductory
provisions, se¢ tion 802 definitions.
Wiaghingron (D) Office of the Law
Revition Counset of the U5, House
of Representatives. flaternel.
Accoss Darer 2014 Jul 24, Available
from: hup:/ Awwwgpogov fdsys/
plegg/USCODE-2010-tirle21/pdf/
USCODE-2010-tte2 | -chapi 3-
subchapT-partA-secB02.pdf

[USP 30-NF 23] United States
Pharmacopoeia 30 National
Formulary 25, 2007, Residual
solvens. Rockyilie (MDD United
States Pharmacopoeial Convention.
Valle JR, Vigiea JEV, Aucélio JG,
Valio TFM. 1978, Influence of
photopetiodism on cannabinoid
conient of € safiea 1. Dol MNare
678,

Vain Ginpekent CAM, Viee TB, .
Breimer T3, Thijssen HWH, Van
Rossum |M. 1972, Cavnabinodiod,
o new hashish consttent,
identfod by gas chromatography-
mask spectrometik T Prigesio

A, editor. Proceedings of the
laternational Syrmposiom oo

Gas Chromaiography Mass
Specrumery, Iske of T Miano
(Yealyy: Tarnburind, p. 109.29.
Vanhoenacker G, Van Rompaey

T, Do Keukeleire I3, Sandea P

2002 Chemoraxonomic features
associared with Aavenoids of
cannabinoi-free Cannabic {Cannabis
sating subsp, sative L) in relavion wo
hops (Humnis dpaks 13 Nat Pind
E.rt 16:57-63,

Veress T, Szanto 1, Leiszmes L, 1990,
Determination of cinmbined
acids by high-performance liguid
chromatsgeaphy of their neotal
desivatives Formed by thermal
deeasboxylation in an open teactar. |
¢hromatogr A $520:339-47
Verhoeoks IKCM, Korthour HAAL
wan Meereren-Kyeikump AP Thice
KA, Wang M, van der Greef ),
Bogenburg BT, Witkamp RE 200¢.
Unheated Cannalis sativd extracts
and irs major compound THC-acld
have potential immuno-modulating
propertes dot mediated by CB1 and
CB2 receptot coupled pathueays, Int
Immunopharmacal GO36-65,
Veszld P, Versde-Peut G, Mészdsos S,
1084, Cempardtive phytochemical
stady on the cannabineid
composition of the geographical
earietdes of Canpabis safiv b
under the sane condition, etha
Tungaaica 1995102

Vobeer L., Stelly M, Maosis |,
Metaoghlia |, Volicer BY, 1997,
Lftecis of dronabinel on anorexia
ancl diztuzbed behavior in patents
with Alzheimer’s discase. Int |
Genatr Payehiavey 1209391329,

64

Wpliner 1., Bieniek I, Kome F. 1969
Hashish, ¥X. Capnubidivadn, a new
hashish consament. Tetrahedron
Jeert 3145-7,

Von Spulak T, Claussca U, Fehlhaber
YW, Korwe ¥ 1968, Tlashishy
KX, Tetrshydrocannabitriol
caanatidiclcarboxylic acid ester,

a new congstituent of hashsh.
‘Tetzahedron 24:3379-83.

Viee TR, Bretmer DI, Van Ginneken
CA, Vian Rossum JM. 1972,
Identihcation of cannabicyciol
with a pentyt or propyl side-
chaln by means of combined pas
chyomatography-mass spectiometry.
} Chromaroy 74:124-7.

Wang R, He 1.5, X2 B, Tong JE LI N,
Peng T 2009, A micropropagation
systern of cloning of hemp
(Cannabis sating 1) by shoot dn
cultate Pak § Bor $1:603-8,

Wasgent BT, Zaibi MS, Silvestn
C, Hisiop T)C, Stecker C, Seoit
GG, Guy GW, Deacaa M,

i Marzo ¥V, Cawthoine MA.
2013, The capnabinaid A%
wembydracannabivario (THOV)
amelioeares nsulin sensiticiy in

tw ruse models of obesity, Nutr
Diabetes doi: 16.1038/nud 2013.9.

Witkinson JI, Willamson BM,

2007. Cannabinoids inbubit homan
keratinocyte prolifeiation through a
nen-B, (;B2 mechartism and have
 potential theeaprutc value in the
weatrnent of psorasis. | Dermatol
Sci AR87-92

Willias §), Hartley JPR, Geaham JOP.

1976, Brouchodilator effect of Al
tettabydrocannabinol administered
by aerosol to asthmarde patents.
Thotax 31:7HRA

Wizch P, Watson 125, FiSohly M,
Turner CF, Murphy JC 19800
Antinflaminatory propertes of
candabithromene. Life 8ci 26:1981-
5.

Woelkart K, Salo-Aben OM, Bauer
R. 208, CB receptor ligands
from plants, Corr Top Med Chem
3317380, ‘

Wioad TB, Spivey WIN, Hasterheld

TH. 1896, Charas, The resin
of Tadian hemp. | Chefa Soc
Transactions 69:539.46.
Xi 7%, Teng ¥G, 1L X, Zhang H,
L3 JG5, Gardnes EL. Z0HL Bruin
cannabinoid (B2 receptors inhibit
cocine sclf-admimsrration and
cuemine-enlanced eximceibalar
dapamine in mice, Proceedings
2th Annual Symposivim. on the
Cannabineids. Land: laternadoan]
Cannabinoid Research Secity. . 32,
Yamamoto 1, Gohda FI, Natimaisa 8,
Tashimiaza T 1988, {dentification
of cuunzbiclsoin, a new metabolitc

of cannabidicl formed by guinea-pig

hepatic micrasemal enzymes, ad jts
phasmacological activity e mice. |

American Herhal Pharmacopoeia® = Gannabis Inflorescence $ 2014

Phavmzeobiodyn 11:833-8,

Yarmauchi T, Shovama Y, Matsuo Y,
Nishioka 1. 1968. Cansabee, 1T,
Canaabigerol monomethyl ether,
2 new compenent of herop. Chern
Pharm Bull 1611645,

Yanauchi 7, Shovamna ¥, Ararazki

H, Azuma T, Nishioka T.

1947, Tewahvdrocannabinglic

acid, & genuine substance of
tetrabydrorannabinol. Chem Pharm
Bull 15:1075-6.

Fuardi AW, Guimeraes FS, Guzmaracs
VM, Del Bend EAL 2002
Cannabidial possible therapeutc
applicaton. In: Growenhermen
T Rsso I, editors, Cammabis and
cannabinoides: pharmacology,
toxicology and theeapoptie potential.

New York: Psyehology Pr. p. 35969

Zuardt AW, Hallak TE, Dueson 8M,
Motais SL, Sanches RE, Musty
RE, Crippa jA. 2006, Cawnabidiol
tnonacharapy for treatmeni-resistant
schizopheenia. | Psychopharmacol
20:683-86,




C - P ‘ N i gy . @)’Df
11T DLS / eregIne =8 Gkt $) 5 e > (T
ansnalis foemina |5 “%%ﬁ’fﬁgg%{a@%

Female cannabis plant
Source: Elizabeth Blagkwail, Herbarium Blackwellianum {1757). Courtesy of the Lloyd Library and Museum, Cincinattl, OH.
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. BETWEEN:

.. AND:

No. T-2030-13

FEDERAL COURT

NEIL ALLARD
 TANYA BEEMISH
. DAVID HEBERT
" SHAWN DAVEY

PLAINTIFFS

HER MAJESTY THE QUEEN IN RIGHT OF CANADA_

DEFENDANTS

CERTIFICATE CONCERNING CODE OF CONDUCT FOR EXPERT WITNESSES

1, Caroline Ferris, having been named as an'expert witness by the Plaintiffs, ceriify that |
have read the Code of Conduct for Expert Witnesses set out in the schedule to the
Federal Courts Rules before the commissioning of my Affidavit and agree to be bound

by it.

He
Dated: December /® 2014

Ao

Cardline Ferris
Expert Witness

Surrey North Community Health Centre
10697 135A St
Surrey BC V3T 4E3

This is Exhibit ./ * 5 referred fo in .
the affidavit of / m@/f;é Lerers

sworn g%fo;e me at b 0/5/:59’4’,5(
this da of WY

-\—O :
Wmlssmner for faking affidavits
for British Columbia




