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Preface

Cannabis is one of the most exciting topics of our time in the pharmaceutical field. There is practically no other field in pharmacology in which knowledge has advanced with such speed and dynamism. As if in fast motion, changes that usually take decades are being seen in a fraction of that time in the case of cannabis; a contributing factor is also the commitment of a large number of companies that see cannabis supply as an economically attractive field of activity. Moreover, few topics are proving to be as complex and multifaceted as cannabis: in addition to medical and pharmaceutical aspects, issues surrounding cannabis also include legal, regulatory, analytical, technological, social security, narcotics, agricultural and sociocultural considerations.

For those who work with medical cannabis, the first challenge is to face up to the demanding task of keeping up with all the developments that affect this field of work. In addition, ensuring that a comprehensive and constantly up-to-date overview is maintained of the entire subject area is an even more arduous challenge that only few people are able to manage. Accordingly, in the past, misunderstandings between different professional groups repeatedly arose due to a lack of knowledge of the legal and professional obligations of the other profession. It was also this situation that motivated us to summarize the current state of affairs regarding the medical use of cannabis in Germany in consolidated form. To the best of our knowledge, there is currently no literature available that brings together all the relevant aspects: especially those aspects that to date have only been found in little-known or difficult-to-access sources. Our goal, therefore, was to present the current legal and scientific framework of medical cannabis supply in a truly comprehensive manner for the first time by having representatives from a wide variety of fields combine their respective expertise into a holistic overall picture. Furthermore, we aim to debunk the many circulating half-truths or sometimes even deliberate disinformation spread by dubious websites and social media posts by offering a serious, scientifically substantiated source of information based in solid research.

Completing this extensive book was an inspiring process that was both personally and professionally enriching, but at the same time represented an enormous organizational and logistical challenge that could not have been overcome without the energetic cooperation of Wissenschaftliche Verlagsgesellschaft Stuttgart. In this regard, I would like to thank my colleagues Marlene Bareiß, Christiane Schneider and Janine Weikert most sincerely for their support over the course of this demanding project. I would also like to thank all the authors who, in addition to their already demanding professional lives, took the time to contribute to this compendium.

The authors and editors greatly appreciate the enthusiasm expressed by Wissenschaftliche Verlagsgesellschaft about the idea of publishing this book on cannabis, which is unique in terms of its layout and scope. In order to make the book accessible to a broad readership despite costly production, the publisher has decided to include advertisements at the end of its contents. The authors and the publisher would like to point out that these advertisements were sourced without the participation of the authors and the publisher, and were only organized following the final submission of the manuscript.

All contents and sources have been conscientiously checked several times and particularly complex issues have been critically discussed with the authors; nevertheless, in view of the wealth of data that has been reviewed and processed, it is not possible to rule out with absolute certainty that a transcription or printing error may have slipped through our filter on occasion. Therefore, should you come across an error when working with this book, or should you feel an aspect is missing that you consider significant from your personal experience, I would be grateful for some brief feedback (cannabis@zience.de). Only in this way can your suggestions be adequately taken into account in any subsequent editions in the interest of continuous quality improvement.

Providing patients with the best possible care is the goal we all share. We hope this compendium will serve as a helpful and valuable companion for all those who work with cannabis professionally or out of a personal interest.







	Großhabersdorf, 
Winter 2023/24

	Andreas S. Ziegler









List of abbreviations








	A

	 




	AAE

	acyl activating enzyme




	AC

	adenylate cyclase




	ACD

	allergic contact dermatitis




	ACT

	Australian Capital Territory




	AD

	atopic dermatitis




	ADH

	alcohol dehydrogenase




	ADI

	Acne Disability Index




	ADI

	Acceptable Daily Intake




	ADR

	adverse drug reaction




	AEA

	arachidonoyl ethanolamide (anandamide)




	2-AG

	2-arachidonoylglycerol




	AJA

	ajulemic acid | anabasum




	AMG

	Arzneimittelgesetz | German Medicinal Products Act




	AMRadV

	Ordinance on medicinal products that are radioactive or treated with ionizing radiation




	AMVV

	Arzneimittelverschreibungsverordnung | German Pharmaceutical Prescription Regulation




	ANT

	anandamide transporter




	ARfD

	acute reference dose




	B

	 




	BBL

	Berberine bridge like enzyme




	BDNF

	brain-derived neurotrophic factor




	BDS

	botanical drug substance




	BfArM

	Bundesinstitut für Arzneimittel und Medizinprodukte | Federal Institute for Drugs and Medical Devices (Germany)




	bFGF

	basic fibroblast growth factor




	BHO

	butane hash oil




	BMG

	Bundesministerium für Gesundheit | German Federal Ministry of Health




	BMI

	body mass index




	BOpSt

	Bundesopiumstelle | German Federal Opium Office




	BSA

	body surface area




	BSG

	Bundessozialgericht | German Federal Social Court




	BtM

	Betäubungsmittel | narcotic substance




	BtMAHV

	Betäubungsmittel-Außenhandelsverordnung | Narcotics Foreign Trade Ordinance (Germany)




	BtMG

	Betäubungsmittelgesetz | Narcotics Act (Germany)




	BtMKostV

	Betäubungsmittel-Kostenverordnung | Narcotics Cost Ordinance (Germany)




	BtMVV

	Betäubungsmittel-Verschreibungsverordnung | Narcotics Prescription Ordinance (Germany)




	BVL

	Bundesamt für Verbraucherschutz und Lebensmittelsicherheit | German Federal Office of Consumer Protection and Food Safety




	BVerfG

	Bundesverfassungsgericht | German Federal Constitutional Court




	BW

	body weight




	C

	 




	CanBV

	Cannabis-Begleiterhebungs-Verordnung | Cannabis Companion Survey Ordinance (Germany)




	CB

	cannabinoid receptors




	CBC

	cannabichromene




	CBCA

	cannabichromenic acid




	CBCAS

	cannabichromic acid synthase




	CBCVA

	cannabichromevaric acid




	CBD

	cannabidiol




	CBDA

	cannabidiol acid




	CBDAS

	cannabidiol acid synthase




	CBDV

	cannabidivarin




	CBDVA

	cannabidivaric acid




	CBE

	cannabielsoin




	CBEA

	cannabielsoic acid




	CBG

	cannabigerol




	CBGA

	cannabigerolic acid




	CBGAS

	cannabigerolic acid synthase




	CBGVA

	cannabigerovaric acid




	CBL

	cannabicyclol




	CBLA

	cannabicyclic acid




	CBN

	cannabinol




	CBNA

	cannabinolic acid




	CBND

	cannabinodiol




	CBP

	chronic back pain




	CBT

	cannabitriol




	CCGIC

	Caregiver Clinical Global Impression of Change




	CGI

	Clinical Global Impression




	CINV

	chemotherapy-induced nausea and vomiting




	CMA

	Critical Material Attributes




	CMAI

	Cohen-Mansfield Agitation Inventory




	CND

	Commission on Narcotic Drugs




	COX-2

	cyclooxygenase-2




	CPC

	centrifugal partition chromatography




	CPP

	Critical Process Parameters




	CQA

	Critical Quality Attributes




	CRP

	C-reactive protein




	CTR

	Clinical Trial Regulation




	CV

	coefficient of variation




	CYP

	Cytochrome P450




	D

	 




	DAGL

	diacylgylcerol lipase




	DBDD

	Deutsche Beobachtungsstelle für Drogen und Drogensucht | German Monitoring Center for Drugs and Drug Addiction




	DMAPP

	dimethylallyl diphosphate




	DNFB

	2,4-dinitro-fluorobenzene




	DS

	Dravet syndrome




	DSM

	Diagnostic and Statistical Manual of Mental Disorders




	E

	 




	EB

	epidermolysis bullosa




	EBM

	Einheitlicher Bewertungsmaßstab | Uniform Evaluation Scale




	EC

	endocannabinoids




	ECDD

	Expert Committee on Drug Dependence




	ECOSOC

	Economic and Social Council of the United Nations




	ECS

	endocannabinoid system




	EFSA

	European Food Safety Authority




	ENS

	enteric nervous system




	ER

	endoplasmic reticulum




	F

	 




	FAAH

	Fatty Acid Amid Hydrolase




	FABP

	fatty acid binding protein transporter




	FDA

	Food and Drug Administration




	FeV

	Fahrerlaubnisverordnung | Driver's License Ordinance (Germany)




	FITC

	fluorescein isothiocyanate




	FMS

	fibromyalgia syndrome




	FPP

	farnesyl diphosphate




	G

	 




	GABA

	γ-aminobutyric acid




	GACP

	Good Agricultural and Collection Practice




	GAF

	Global Assessment of Functioning




	GAP

	glyceraldehyde-3-phosphate




	G-BA

	Gemeinsamer Bundesausschuss | Joint Federal Committee (highest body of self-administration in the German health care system)




	GC

	gas chromatography




	GC

	glucocorticoids




	GDP

	Good Distribution Practice




	Gi

	inhibitory G protein




	GKV

	Gesetzliche Krankenversicherung | Statutory Health Insurance




	GMP

	Good Manufacturing Practice




	GOP

	Gebührenordnungsposition | Fee schedule item




	GOT

	geranyl diphosphate:olivetolate geranyltransferase




	GPCR

	G protein-coupled receptor




	GPP

	geranyl diphosphate




	GRADE

	Grading of Recommendations Assessment, Development and Evaluation




	GRG

	Gesundheitsreformgesetz | Health Care Reform Act




	GRPR

	gastrin releasing peptide receptor




	GPR55

	G protein-coupled receptor 55




	GPR119

	G protein-coupled receptor 119




	H

	 




	5-HT

	5-hydroxytryptamine | serotonin




	HCR

	Health Claims Regulation




	HIF-1α

	hypoxia-inducible factor-1α




	HMOX

	heme oxygenase




	HO1

	heme oxygenase 1




	HPL

	hydroperoxide lyase




	HVAC

	heating, ventilation, and air conditioning system




	I

	 




	IBD

	inflammatory bowel disease | Crohn's disease




	IBS

	irritable bowel syndrome




	ICAM

	intercellular adhesion molecule




	ICD-10

	International Statistical Classification of Diseases and Related Health Problems




	ICH

	International Conference on Harmonization




	IGA

	Investigator’s Global Assessment




	IGF

	insulin-like growth factor




	iGluR/mGluR

	ionotropic/metabotropic glutamate receptor




	IL

	interleukin




	IMP

	investigational medicinal products




	INCB

	International Narcotics Control Board




	IOP

	intraocular pressure




	IP3

	inositol trisphosphate




	IPP

	isopentenyl diphosphate




	J

	 




	JEB

	junctional epidermolysis bullosa




	K

	 




	KSBA

	Kensington Standardized Behavior Assessment Tool




	L

	 




	LGS

	Lennox Gastaut Syndrome




	LOAEL

	Lowest Observed Adverse Effect Level




	LOX

	lipoxygenase




	LTD

	long-term depression




	LTP

	long-term potentiation




	M

	 




	MAGL

	monoacylglycerol lipase




	MAPK

	mitogen-activated protein kinase




	MCP

	monocyte chemotactic protein




	mCB

	medical cannabinoids




	MD

	Medizinischer Dienst des Spitzenverbandes Bund der Kranenkassen | Medical Service of the National Association of Health Insurance Funds




	MEP

	methylerythritol-4-phosphate




	MEV

	mevalonate




	MGluR

	metabotropic glutamate receptor




	MMAR

	Marijuana Medical Access Regulations (Canada)




	MMP

	matrix metalloprotease




	MPG

	Medizinproduktegesetz | German Medical Devices Act




	N

	 




	NAAA

	N-acylethanolamine acid amide hydrolase




	NCCN

	National Comprehensive Cancer Network




	NF-KB

	nuclear factor 'kappa-light-chain-enhancer' of activated B-cells




	NGF

	nerve growth factor




	NI

	neuropathic pain




	NICE

	National Institute for Health and Care Excellence (United Kingdom)




	NNTB

	number needed to treat for an additional beneficial outcome




	NOAEL

	No Observed Adverse Effect Level




	NPI

	Neuropsychiatric Inventory




	NPS

	new psychoactive substance




	NPS

	neuropsychiatric symptoms




	Nrf2

	nuclear factor erythroid 2-related factor 2




	NSAID

	non-steroidal anti-inflammatory drug




	O

	 




	OA

	osteoarthritis




	OAC

	olivetolic acid cyclase




	OEA

	oleylethanolamide




	OLS

	olivetol synthase




	OMC

	Office of Medicinal Cannabis




	OR

	odds ratio




	P

	 




	PA

	pyrrolizidine alkaloids




	PAH

	polycyclic aromatized hydrocarbons




	PAR

	protease-activated receptor




	PAS

	Pittsburg Agitation Scale




	PASI

	Psoriasis Area Severity Index




	PEA

	N-palmitoylethanolamide




	PD

	pharmacodynamics




	PET

	positron emission tomography




	PGE1

	prostaglandin E1




	PHO

	propane hash oil




	PIP2

	phosphatidylinositol bisphosphate




	PK

	pharmacokinetics




	PLC/PLD

	phospholipase C/D




	PPAR

	peroxisome proliferator-activated receptors




	PTSD

	post-traumatic stress disorder




	Q

	 




	QTPP

	Quality Target Product Profiles




	QuOL-AD

	Quality of Life in Alzheimer's disease




	R

	 




	RA

	rheumatoid arthritis




	RCT

	randomized controlled trial




	RDEB

	recessive dystrophic epidermolysis bullosa




	RMS

	reference member state




	ROS

	reactive oxygen species




	RSO

	Rick Simpson Oil




	S

	 




	SAPV

	Spezialisierte ambulante Palliativversorgung | specialized outpatient palliative care




	SCORAD

	Scoring Atopic Dermatitis




	SFE

	super critical fluid extraction




	SGB V

	Sozialgesetzbuch (Fünftes Buch) | Social Code (Book Five)




	SMB

	simulating moving bed chromatography




	SNP

	single nucleotide polymorphisms




	SP

	substance P




	StVG

	Straßenverkehrsgesetz | German Road Traffic Act




	T

	 




	TAMC

	total aerobic microbial count




	TDM

	therapeutic drug monitoring




	TGA

	Therapeutic Goods Administration (Australia)




	TGF

	transforming growth factor




	Δ9-THC

	(–)-Δ9-trans-tetrahydrocannabinol




	THCA

	tetrahydrocannabinolic acid




	THCA-A

	tetrahydrocannabinolic acid A




	THCA-B

	tetrahydrocannabinolic acid B




	THCVA

	tetrahydrocannabivaric acid




	TLC

	thin layer chromatography




	TNF

	tumor necrosis factor




	TRPA

	transient receptor potential ankyrin-type




	TRPM8

	transient receptor potential melastatin-type




	TRPV1
TRPV3

	transient receptor potential vanilloid-type 1
transient receptor potential vanilloid-type 3




	TSC

	tuberous sclerosis complex




	TSLP

	thymus stroma lymphopoietin




	TTS

	transdermal therapeutic system




	TYMC

	total combined yeasts/molds count




	U

	 




	UC

	ulcerative colitis




	ULN

	upper limit normal




	UN

	United Nations




	V

	 




	VAS

	Visual Analog Scale




	VCAM

	vascular cell adhesion molecule




	VEGF

	vascular endothelial growth factor




	VTA

	ventral tegmental area




	Z

	 




	ZBI

	Zarit Burden Index











1


The history of cannabis





The history of hemp (○ Fig. 1.1) has not yet been written. A conglomerate of alleged evidence, assumptions and interpretations provides a fragmented mosaic of information, where quite a few pieces are missing, and new ones are constantly being added. It is assumed that hemp is one of the oldest cultivated plants (Russo 2007). It is thought to be relatively certain that the hemp plant finds its origins in Central Asia (Schultes and Hoffmann 1987). The oldest archaeological finds (hemp fibers, cords) come from China and provide evidence that hemp fibers were probably already being used over 8500 years ago (Russo 2007). In Europe, hemp seeds were found in the German state of Thuringia; these seeds are estimated to be 7500 years old (Rätsch 1992).
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Fig. 1.1 The history of cannabis




1.1Cannabis in ancient times

Dr. Manfred Fankhauser

There is some uncertainly as to how important cannabis was to the Greeks and Romans. The use of hemp fiber has been documented several times (Hehn 1887; Rubin 1975). There is absolutely no solid evidence that the plant was used as an intoxicant at that time. The first tentative references to hemp as a medical remedy in Europe date back to before the birth of Christ, but are lacking, for example, in the Corpus Hippocraticum, the collection of writings attributed to Hippocrates (460–370 B. C.), probably the greatest of all physicians, and his students (Rubin 1975). In De materia medica libri quinque, a pharmacological treatise written by the Greek physician Dioscorides (c. 50 AD), hemp is mentioned for the first time in Western writings (○ Fig. 1.2). He wrote: “Common hemp. Hemp. Some call it cannabion, others schoinostrophon, asterion – is a plant, which is very much used in life for weaving the strongest ropes. It has foul-smelling leaves similar to those of ash, long simple stems and a round fruit which, if eaten in abundance, aborts conception. When processed into a green juice and instilled as drops, it is a good remedy for ailments of the ears.” (Dioscorides 1902).
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Fig. 1.2 First known illustration of cannabis (Dioscorides around 512)
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1.2Hemp in the Middle Ages

As in ancient times, hemp was used almost exclusively as a seed or fiber in the early European Middle Ages. The use of hemp in medicine was also very rare and the plant was practically unknown as a hallucinogen. In contrast, other psychotropic plants such as datura, mandrake, henbane and belladonna had their heyday during this period (Schultes and Hoffmann 1987). However, there is evidence that hemp or hemp seeds were administered together with other sleep-inducing and/or painkilling plants in the form of incense or as a ‘maddening drink’ (Tschirch 1910). Around 1150, the German abbess Hildegard von Bingen's remedy and natural doctrine Physica was published, in which she describes cannabis as follows: “De hemp cannabus. Hemp is warm. It grows while the air is neither very warm nor very cold, and so is its nature. Its seed brings health and are a wholesome food to healthy people, light and beneficial to the stomach, because it removes the mucus a little from the stomach and can be easily digested, reduces the bad juices and strengthens the good ones. For he who has a headache or an empty brain, hemp, if eaten, relieves the headache. But for he who is healthy and has a full brain in the head, it does not harm. It causes some pain in the stomach of the seriously ill person. The one who is only moderately ill is not harmed by its consumption. For the one who has an empty brain, the consumption of hemp causes pain in the head. It does not harm a healthy head and a full brain. A cloth made of hemp, put on ulcers and wounds, does good, as the heat in it is tempered”. (Reier 1982). Even in the following centuries of the Middle Ages, the importance of hemp as a medicinal remedy was still marginal in Europe. Although cannabis was mentioned in the most famous herbalists of the Middle Ages and was often beautifully illustrated in the form of woodcuts, new knowledge was almost never being accrued. The knowledge of the ancient physicians was merely repeated. Only over the course of conquests or due to the influence of travelers (to the Orient) did it become known in Europe that hemp was also used as an intoxicant in other distant countries. For example, in the 16th century the Portuguese physician, Garcia de Orta, referred to the use of Bhang (= cannabis) in India (Garcia de Orta 1574). Likewise, the German physician, Engelbert Kämpfer, was one of just a few individuals to describe the recreational use of cannabis in foreign cultures at the beginning of the 18th century (Kämpfer 1712). There is some uncertainty as to when exactly hashish was first introduced to Europe. This may have occurred in 1690. At that time, the English (drug) merchant, John Jacob Berlu, also mentions the “beguiling” and “noxious” bhang, i.e. cannabis, in his survey of commercial drugs (The Treasury of Drugs Unlock'd) (Bouquet 1912). Although people continued to value the proven therapeutic properties of native hemp, they were critical of Indian hemp, which until then had been unknown to Western medicine.




Side note: Indian hemp

The scientific name Cannabis indica, Indian hemp, comes from the French botanist Jean Baptiste Lamarck (1744–1829), who thus distinguished it from Cannabis sativa, the hemp grown in Europe. He mentioned “Chanvre des Indes – Cannabis indica”, most likely for the first time, in 1783. For a long time it was disputed whether these were separate species or two subspecies of the same species. Today, however, there is a broad consensus among taxonomists to regard Cannabis sativa as monospecific – that is, as a species with subspecies (▸ Chapter 2.1). Regardless of the parent plant, the designation “Indian hemp” in German usage is often a synonym for narcotic or drug hemp.






The intoxicating properties of the foreign hemp plant and its presumed harmfulness were met with caution. The Tübingen professor of medicine, Johann Friedrich Gmelin, wrote in his 1777 Allgemeinen Geschichte der Pflanzengifte (General History of Plant Poisons): “The seed, the bark, the leaves, even more so the sap and the tips of the greening plant have something intoxicating: they are the Brug or Bhang of the Orientals, which they commonly mix with a little honey to use when they want to put themselves into a pleasant kind of drunkenness and befuddlement of the mind. Although I do not doubt that a prolonged use of such means can be fatal, I do not know of any example of it.” (Gmelin 1777).
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1.3Cannabis in 19th century European mainstream medicine

As previously mentioned, until the 18th century the seeds of the medicinal plant Cannabis sativa were used almost exclusively in the form of an oil or emulsion, as was customary in folk medicine. The foreign hemp plant Cannabis indica was practically unknown as a medicinal and intoxicating plant until that time. Around the turn of the 18th to the 19th century, people gradually became interested in this new variety of native hemp – including the founder of classical homeopathy, Samuel Hahnemann, who wrote in 1797: “Although only the seeds have been in use until now, other parts of the plant seem to be more effective and deserve greater attention” (Hahnemann 1797).


1.3.1Indian hemp arrives in Europe

At the beginning of the 19th century, it was Pierre Sonnerat who not only reported on Indian hemp after a trip to the Orient, but also brought specimens of it to France. The first detailed description of Indian hemp in Europe was provided in 1930 by the pharmacist and botanist, Theodor Friedrich Ludwig Nees von Esenbeck. He wrote: “Several physicians, including Hahnemann, give the vinous extract for many kinds of nervous complaints where opium or henbane is otherwise used” (Nees von Esenbeck and Ebermaier 1830). Nevertheless, the importance of Indian hemp for drug-based treatments still remained marginal: “More important is the use of hemp seed in emulsions or infusions and decoctions, as a soothing, enveloping and softening agent in hoarseness, cough, diarrhea and especially in diseases of the urinary tract, namely gonorrhea” (Nees von Esenbeck and Ebermaier 1830).


1.3.2A momentous study

In 1839, the Irish physician, William B. O'Shaughnessy, who was stationed in Calcutta, India, published a comprehensive study on Indian hemp (○ Fig. 1.3). It is mainly thanks to his work, On the Preparations of the Indian Hemp, or Gunjah, that Cannabis indica was subsequently able to establish itself in European orthodox medicine as well (Mikuriya 1973). O'Shaughnessy first describes some animal experiments in which he worked with traditional Indian hemp preparations. In the main part of his works, the author offers a detailed discussion of his various experiments in humans. He used various hemp preparations (for example, tincture and pills), in some instances with great success, for the following indications: rheumatism, hydrophobia (rabies), cholera, tetanus, convulsions, and delirium tremens. For each indication, O'Shaughnessy provides several case histories and records observations. For most of the indications mentioned, convulsions were a significant problem. With cannabis preparations, he had discovered a way to provide his patients with relief or even rid them of these symptoms altogether. He wrote: “The present cases give a summary of my experience with Cannabis indica, and I believe that this remedy is an anticonvulsant of the greatest value” (Mikuriya 1973).
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Fig. 1.3 Reprint of the first page of the study (excerpt) by William B. O´Shaughnessy, 1839 (Mikuriya 1973)



Western mainstream medicine reacted promptly to these new findings from India. This is not surprising, because until then it had been relatively helpless in the face of diseases not yet recognized as having an infectious cause (rabies, cholera, tetanus) and helpless when faced with the symptoms associated with them. O'Shaughnessy's findings gave rise to great hope. This was the launch of a promising career for the medicinal plant Cannabis indica. The French were the first to intensively study this Indian variant of native hemp. As early as 1840, the French physician, Louis Aubert-Roche, who was based in Egypt, apparently used hashish to successfully treat the plague: he stated that in seven out of 11 severe cases he had cured those affected using cannabis (Freudenstein 1841). At the same time, his compatriot and friend, Jacques Joseph Moreau de Tours (who would go on to become a famous psychiatrist), began experimenting with hashish. The latter was soon convinced that, of all known medicines, Indian hemp was the drug of choice in psychiatry. His book Du Hachisch et de l'aliénation mentale, published in 1845, caused a great sensation at the time and is today regarded as the origin of experimental psychiatry (Weber 1971). Inspired by Moreau de Tours, the so-called “Club des Hashichins” emerged in the years that followed, where numerous renowned French artists met to recount their experiences with cannabis.


1.3.3Cannabis becomes established

The promising results of the pioneers O'Shaughnessy, Aubert-Roche and Moreau de Tours prompted many physicians to use the new medicinal remedy as part of treatment. Initially, physicians adopted the indications as established by O’Shaughnessy. Over time, the therapeutic scope for cannabis preparations expanded significantly. One of the main indications, however, continued to be tetanus. This was also the subject addressed by the Bulgarian physician, Basilus Béron, who devoted himself to intensive work on this topic in his dissertation Über den Starrkrampf und den indischen Hanf als wirksames Heilmittel gegen denselben (On tetanus and Indian hemp as an effective remedy) published in 1852 (○ Fig. 1.4). His conclusion: “I was so happy that after using almost all known antitetanic remedies fruitlessly, after the administration of Indian hemp, the patient given to me was completely cured of tetanus […], which is why Indian hemp is highly recommended against tetanus” (Béron 1852).
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Fig. 1.4 Title page of the dissertation by Basilius Béron's (Béron 1852)



In 1856, the German physician Georg Martius published his doctoral thesis entitled Pharmakognostisch-chemische Studien über den Hanf (Pharmacognostic and Chemical Studies on Hemp), which attracted great attention (○ Fig. 1.5). He wrote in the introduction: “The following short treatise initially arose from the desire to submit a paper to my father [an important professor of pharmacognosy and pharmacy at the University of Erlangen] whose subject matter included the field of his specialist science. I thought of hemp, whose natural history still presented many dark and erroneous aspects, and which in recent years has attracted the attention of the medical world to an ever-increasing degree” (Martius 1856).
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Fig. 1.5 Title page of the dissertation by Georg Martius (Martius 1856)



From among the general euphoria, critical voices could also be heard: for example, from the Viennese medicine professor Carl Damian Ritter von Schroff, who did not consider the cannabis preparations to be harmless. In his 1856 Lehrbuch der Pharmakologie (Textbook of Pharmacology), he wrote: “… that Indian hemp and all preparations made from it present the greatest variety with regard to the degree and the kind of effect according to the diversity of the individuality both in the healthy and in the morbid state, that they therefore belong to the unsafe means and the physician should use them in any case with great caution” (Schroff in 1858).


1.3.4First peak in the 19th century

In the period between 1850 and 1900, virtually all European countries had included cannabis in their respective pharmacopoeias – usually in the form of two or three monographs (e.g. Herba Cannabis indicae, Tinctura Cannabis, Extractum Cannabis indicae). The use of hashish preparations had become established in almost all of these countries and in the Unites States. As before, it was primarily scientists from Germany, England, France and the US who were consistently driving cannabis research forward. Packaged preparations that were industrially produced to a greater or lesser extent were now available on the market, also coming from these countries. The company E. Merck, in Darmstadt, was particularly to be credited for cannabis preparations being increasingly used in Europe, and especially in Germany toward the end of the 19th century (○ Fig. 1.6).
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Fig. 1.6 Advertisement of the Merck company, Darmstadt (ca. 1885)



In England, it was primarily Burroughs, Wellcome & Co., and in the United States, it was Squibb, Parke-Davis & Co. and Eli Lilly & Co. that brought cannabis-containing medicines to market. Shortly before the beginning of the 20th century, Indian hemp had gained an important place in the Materia medica of Western medicine. The danger of misusing cannabis preparations was practically non-existent until then. Würzburg professor A. J. Kunkel stated in his 1899 Handbuch der Toxikologie (Handbook of Toxicology): “The chronic abuse of cannabis preparations – cannabism – is said to be very common in Asia and Africa. It is not observed in Europe. Indian physicians, on the other hand, frequently report cases of this disease” (Kunkel 1899).
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1.4Cannabis as a medicinal substance in the 20th century

At the beginning of the 20th century, more and more literature was being generated on cannabis with a chemical focus. Efforts were made to unravel the mystery of the “active principle” of this plant. Furthermore, the often discussed problem of standardization of hashish preparations was the subject of many publications. Another topic that was not new, but was consistently being raised, was the investigation of the effectiveness of native hemp. In general, after the First World War, fiber hemp began to be increasingly studied again, because Indian hemp was practically no longer available in Europe. In addition to the predominantly favorable assessment of cannabis as a medicine, there were also occasional references to (harmless) cases of poisoning with hashish. However, the danger of abuse was still regarded as non-existent or at least low. In the first international agreements on narcotics, which were reached shortly after the turn of the century, cannabis was not yet an issue. Even later, in 1937, the American Medical Association stated: “It is very unlikely that abuse of cannabis as a medical substance is common or that its medical use could lead to the development of cannabis dependence. Cannabis is currently used only to a limited extent (for reasons, see: ▸ Chapter 1.4.1) for medicinal purposes, but it would be of value to maintain its status as a therapeutic substance. There is a possibility that a resumption of research into the effects of cannabis may reveal other benefits of the substance than are seen in its current medicinal use” (Mikuriya 1982). Although new industrially produced cannabis-based medicines had been steadily arriving to the market since the beginning of the 20th century, the use of hemp preparations had already declined again in some countries and ended almost completely around 1950.


1.4.1The end of an era

 The following factors led to the disappearance of hemp medicines:


	
Developments in medicine: New specific medicines were introduced before the beginning of the 20th century for all the main applications of cannabis preparations. Vaccines were developed for the treatment of infectious diseases such as cholera and tetanus. These vaccines not only combated the symptoms like cannabis; they also offered protection against infection. Other bacterial infections such as gonorrhea, which were often treated with cannabis, could be successfully treated somewhat later with the advent of chemotherapeutics. As a sleep aid and sedative, Cannabis indica gained competition in the form of chemical substances such as chloral hydrate, paraldehyde, sulfonal, barbiturates and bromural. As analgesics, too, cannabis preparations – in contrast to numerous opiate drugs – were soon displaced by chemical agents. Antipyrine and particularly acetylsalicylic acid became very important shortly after their introduction.

	
Standardization issues: Time and again, doctors pointed out that the varying effectiveness of hashish preparations was striking. Various factors such as provenance, age, storage or the type of processing of the drug were responsible for the fact that the drugs were either highly effective or remained ineffective. Unlike alkaloid drugs such as opium, for example, it was not until the middle of the 20th century that the main active ingredient THC was successfully isolated and its structure completely elucidated. This was preceded by the difficulty of standardization.

	
Economic considerations: Due to restrictions in countries where it was produced (especially in India) and as a result of the two world wars, it became increasingly difficult to import high-quality Indian hemp to Europe. The law of supply and demand also applied to cannabis, which meant that the prices of both raw products and preparations rose massively. As a consequence, this meant that cannabis-based medicines became (too) expensive.

	
Legal restrictions: Due to increasingly restrictive international and national legislation, the use of cannabis preparations became more and more limited. Gradually, hashish preparations were made subject to narcotics laws, which made their use in practice profoundly more difficult, until finally a general ban made their use impossible. In 1958, the medical use of cannabis was still permitted in 26 countries of the UN. In 1961, the international Single Convention on Narcotic Drugs was adopted (Single Convention on Narcotic Drugs 1961). This law led to a worldwide ban on cannabis even for medical purposes; only scientific research on cannabinoids was still allowed. This exemption would prove to be valuable, as it allowed for further research with cannabis.




1.4.2The Renaissance

Three years after the Single Convention on Narcotic Drugs was signed, Israeli scientists Yechiel Gaoni and Raphael Mechoulam succeeded in elucidating the chemical structure of the main cannabinoid tetrahydrocannabinol (THC). Mechoulam had already succeeded in doing this a year earlier with cannabidiol (CBD) (Fankhauser and Eigenmann 2020). Over the next three decades, new findings published about the medical use of cannabis and cannabinoids were thin on the ground. At the same time, starting in the mid-1960s, hemp became the ultimate drug of the hippie movement. The recreational use of cannabis (or “smoking pot”) took over the world and was unstoppable. For medicine, however, this meant that from now on the stigma of a drug was attached to the cannabis plant, which contributed to the fact that the medical potential of cannabis was neglected. Interestingly, the United States, of all places, which had been instrumental in global prohibition, made cannabis and cannabinoids available to patients again. In the 1980 s, the drug Marinol® was approved in 27 US states. The drug, which is still available (▸ Chapter 14.1.5.4) is used to stimulate appetite and to combat nausea and vomiting (triggered by chemotherapeutic agents). Marinol® contains synthetic THC; in order to avoid the image as a “drug substance”, the THC artificially produced in the laboratory was called dronabinol (▸Chapter 15.4.3.1). In rare cases, the drug was also exported to Europe and given to individual patients under strict conditions. A milestone in cannabinoid research was the discovery of the endocannabinoid system (▸ Chapter 6.1) in the early 1990 s. After the discovery of the two cannabinoid receptors CB1 and CB2 as receptor sites for THC and the body's own endocannabinoids, research on cannabis was enormously intensified. Since then, many different countries have made efforts to make cannabis preparations or cannabinoids (THC or dronabinol, CBD, nabilone, nabiximols etc.) marketable, although this is handled very differently depending on the country, not least because of the individual legal situations for narcotics.


1.4.3From Opium Law to Cannabis Law in Germany

Until 1910, cannabis was equated with other drugs and chemical preparations in Germany, based on the Apothekenverordnung (Pharmacies Ordinance) of 1872 (Böllinger 2018). As in other Western countries, the Second Opium Conference (Geneva Agreement) of 1925 triggered a discussion in Germany as to whether Indian hemp was a narcotic. Four years later, in 1929, the German Reichstag passed the “Law on the Trade in Narcotics”, or Opium Law for short. For the first time, cannabis was prohibited de jure, but in practice this was of little importance (Böllinger 2018). Its use as a medicinal substance was still possible, but its use by physicians was limited (Cremer-Schaeffer 2017). It took until 1971 until cannabis was finally banned for medical use, following the international consensus (see the Single Convention of 1961). In 1972, the previous Opiumgesetz (Opium Act) was replaced by the new Betäubungsmittelgesetz (Narcotics Act) (BtMG) which came into force (Cremer-Schaeffer 2017). Since medical cannabis had not played a role for some time, the ban no longer had any immediate impact on physicians or any patients. In the years that followed, the prohibition of cannabis was repeatedly the subject of legal disputes. The Federal Constitutional Court (Bundesverfassungsgericht; BVerfG) had dealt with a large number of appeals; the ban on cannabis was always declared to be correct and in conformity with the constitution (Böllinger 2020). Despite prohibition, it was possible for doctors to prescribe a cannabis preparation – albeit not a naturally produced one – as early as the beginning of the 1980 s. Thus, since 1983, the synthetic THC derivative nabilone can be prescribed on a BtM (controlled substances) prescription. Since 1998, the (partially) synthetically produced dronabinol can also be prescribed as a prescription substance or imported as the commercial preparation Marinol® (Schlenger 2015). In 2011, Sativex® was the first proprietary medicinal product containing cannabis to receive regulatory approval in Germany (Knöss 2017).
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1.5Cannabis as a treatment option in the 21st century

As previously mentioned, the foundations required for intensive research and rediscovery of hemp or the cannabinoids as medicinal substances have been laid over the last 50 years. A decisive breakthrough was certainly the structural elucidation of the main cannabinoids THC and CBD at the beginning of the 1960 s. No less important for medicine was the discovery of the endocannabinoid system with the two main receptors, CB1 and CB2, in the early 1990 s (▸ Chapter 6.1). The realization that endogenous substances, the endocannabinoids, activate these receptors also contributed greatly to a better understanding of the pharmacology of cannabinoids. Worldwide, these discoveries triggered a surge in research that continues to this day. As a result, hemp remains one of the most researched medicinal plants in the world today. New medical findings about cannabis, cannabinoids or the endocannabinoid system are being published each and every day. Most of the time, these are data from basic research. High-quality clinical studies with cannabis are still rare and it is especially in this area that there remains much ground to catch up on. Not least because of legal restrictions, clinical research on cannabinoids has been hampered in recent decades. With a widespread relaxation of the ban on cannabis for medicinal purposes emerging in recent years, this too would inevitably trigger a welcome surge in research. Now that the renaissance of hemp as a medicine has been heralded, it was only a matter of time before cannabis was once again given its place in official pharmacopoeias. Well-known pharmacognosist Alexander Tschirch, who worked in Bern, wrote on this subject more than a hundred years ago: “From the text of a pharmacopoeia we can read out what was considered science, indeed the blossoming of science, at the time when the pharmacopoeia in question appeared. The pharmacopoeia is a mirror of its time” (Tschirch 1904). Indeed, the return of hemp to the official pharmacopoeias can be seen as an accolade. Cannabis has regained its place among the important medicinal plants. This is unusual in that it is rare for an obsolete drug or substance to be rehabilitated as a valued medicine. It can be assumed that in the coming years the broad acceptance of medicinal cannabis or cannabinoids will continue to increase, both in professional circles and among affected patients.

The fact that this can also lead to setbacks is illustrated by the example of rimonabant. This active ingredient, which is not subject to the Narcotics Act, was approved in Germany from 2006 under the prescription trade name Acomplia®. As a CB1 receptor antagonist, the substance had an appetite-suppressing effect and was accordingly used to treat overweight and obese patients. Due to severe side effects (depression and suicidality), the drug was withdrawn and also removed from the market in Germany in 2008.

Nevertheless, the renaissance of cannabis as a therapeutic option is now almost unstoppable. Intensive clinical research and differentiation from the recreational use of the hemp plant are fundamental prerequisites for this. It is to be hoped that in the future the medical prescription of cannabis will no longer be seen as a special case, but as a valuable alternative for specific patients in need.
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Botanical description






2.1Systematics and Taxonomy

Prof. Dr. Markus Veit

The genus Cannabis belongs to the family Cannabaceae which according to current knowledge comprises ten genera – including Humulus lupulus (hops) as another medicinal plant genus. The taxonomic classification of Cannabis sativa has long been the subject of debate and differences of opinion (Clarke and Merlin 2015; McPartland and Guy 2017; Small 2015b; Small and Cronquist 1976). However, there is now a broad consensus among taxonomists to regard Cannabis sativa as monospecific – that is, as a species with subspecies (McPartland 2018; Small 2015a).

The great morphological and chemical diversity of Cannabis sativa is the result of 6000 years of selection and domestication, with different uses by humans in different geographical regions of the world. Domestication and crossbreeding took place in two directions: first, with the aim of obtaining cannabinoid-rich plants; and second, with the aim of obtaining plants that have low cannabinoid content and are well suited for fiber production or whose seeds produce a high oil yield. As a result, enormous genomic differences have arisen between the resulting plant groups (▸ Chapter 3.4; van Bakel, Stout et al. 2011; Sawler, Stout et al. 2015). In this context, it is difficult today to distinguish between wild, locally native populations and plants or plant groups that have escaped from cultivation (Clarke and Merlin 2013, 2016a, 2016b). Small and Cronquist (1976) established a threshold for distinguishing between industrial hemp (both fiber hemp and oilseed) and marijuana (drug type) of Cannabis sativa based on the relative dry weight concentration of Δ9-THC (or THCA) in the female inflorescences of the plant. Accordingly, plants containing more than 0.3% Δ9-THC (or THCA) are considered marijuana/drug type, while plants below this threshold are categorized as industrial hemp. In terms of its magnitude, this threshold fits quite well with the limit of 0.3% THC applicable under German narcotics law. Small and Cronquist (1976) have also proposed a model for classifying the subspecies and cultivars of Cannabis sativa based on characteristics of the achenes (= fruits, which commonly – botanically incorrectly – are usually referred to as seeds) and the ratio of Δ9-THC (or THCA) to CBD.




Subspecies of Cannabis sativa


Cannabis sativa subsp. sativa

Plants of limited intoxicant ability, Δ9-THC comprising less than 0.3% (dry weight) of upper third of flowering plants and usually less than half of cannabinoids of resin. Plants cultivated for fibre or oilseed or growing wild in regions where such cultivation has occurred.

	
Cannabis sativa subsp. sativa var. sativa



Mature fruits relatively large, seldom less than 3.8 millimeters (mm) long, tending to be persistent, without a basal constricted zone, not mottled or marbled, the perianth poorly adherent to the pericarp and frequently more or less sloughed off.

	
Cannabis sativa subsp. sativa var. spontanea Vavilov


Mature fruits relatively small, commonly less than 3.8 mm long, readily disarticulating from the pedicel, with a more or less definite, short, constricted zone toward the base, tending to be mottled or marbled in appearance because of irregular pigmented areas of the largely persistent and adnate perianth.

Cannabis sativa subsp. indica (Lam.) Small & Cronquist

Plants of considerable intoxicant ability, Δ9-THC comprising more than 0.3% (dry weight) of upper third of flowering plants and frequently more than half of cannabinoids of resin. Plants cultivated for intoxicant properties or growing wild in regions where such cultivation has occurred.

	
Cannabis sativa subsp. indica var. indica (Lam.) Wehmer


Mature fruits relatively large, seldom less than 3.8 mm long, tending to be persistent, without a basal constricted zone, not mottled or marbled, the perianth poorly adherent to the pericarp and frequently more or less sloughed off.

	
Cannabis sativa subsp. indica var. kafiristanica (Vavilov) Small & Cronquist


Mature fruits relatively small, usually less than 3.8 mm long, readily disarticulating from the pedicel, with a more or less definite, short, constricted zone towards the base, tending to be mottled or marbled in appearance because of irregular pigmented areas of the largely persistent and adnate perianth







Following this concept, McPartland and Small (2020) have made a stronger subdivision of the taxon Cannabis sativa subsp. indica that takes into account the geographical origin of the ancestors of this taxon.

 At the species or subspecies level, the epithets “sativa” and “indica” have often been and continue to be used inconsistently and arbitrarily – this is especially true for the non-scientific literature. In this regard, cultivars or varieties are often labeled “sativa” or “indica” based on the THC:CBD ratio of the plants, without their taxonomic classification or genetics reflecting this (McPartland and Small 2020). This is also the reason concepts for further subdivision of the taxon into the two species Cannabis sativa and Cannabis indica with respective subspecies have become less accepted (Clarke and Merlin 2013, 2016a, 2016b). However, the two-species concept takes into account the geographic origin and (human) distribution of the taxa, which is why it corresponds to an ethnobotanical and agronomic rather than a genetically oriented taxonomy.
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2.2General botanical characteristics


2.2.1Habitus, sprout and sex distribution

The wild type of Cannabis sativa is an herbaceous, mostly dioecious, annual species (○ Fig. 2.1). Like hops, it is a sexually polymorphic plant. In such plants, the inheritance of sex is controlled by the presence of sex chromosomes. As a rule, female plants are homogametic of type XX and male plants are heterogametic of type XY.
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Fig. 2.1 Habitus of a female cannabis plant with stocky growth habit



Cannabis sativa shows considerable variability in its phenotypic characteristics (○ Fig. 2.2 and ○ Fig. 2.5; Small 2018). Depending on the phenotype and its cultivation or growing conditions, plants grow between 60 cm and 4 m high. The stems of the hemp plant are quadrangular at the beginning. In the course of the growing season they become hexagonal; at the base and the shoot tip they are always round.
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Fig. 2.2 Phenotypes of various cannabis cultivars used for medicinal purposes



Fiber bundles develop in the bark portion; this is where the primary fibers are located. These reach a length of up to 20 mm. The secondary fibers develop from the cambium. These reach a maximum length of 2 mm. The leaves of the hemp plant have lanceolate or occasionally ovate or obovate leaflets with serrate (rarely double serrate) margins. The larger leaves (sometimes called “fan leaves”) are compound and consist of an odd number (3–13) of leaflets (○ Fig. 2.3) that emanate from a single point at the distal end of each petiole. Petioles are 2–7 cm long, arranged in pairs on the lower stem and alternate near the tip of the stem. 7–12 pairs of leaves can form during vegetative growth. With the onset of flowering, phyllotaxy (leaf position) changes from opposite to alternate and longitudinal growth largely ceases. Furthermore, the number of newly formed individual leaves decreases. In the leaf axils at the point of attachment of the petioles, the so-called nodes of the main shoot, undifferentiated primordia (flowering plants) are initially visible; these will develop into male or female flowers. Cannabis is considered a quantitative short-day plant: i.e. flower formation is strongly favored when photoperiod falls below a specific threshold, but can also occur independently under certain circumstances. Thus, the beginning of the generative phase – in addition to the photoperiod – depends, among other factors, on the developmental status of the plants and the temperature.
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Fig. 2.3 The foliage leaves (fan leaves) of Cannabis consist of an odd number of leaflets with serrate (rarely double serrate) margins.



The structure of inflorescences is distinguished as either dioecious or monoecious. Whereas dioecious females produce their flowers in the form of false spikes in the leaf axils of a dense deciduous shoot, the inflorescence of dioecious males resembles a loose panicle (○ Fig. 2.4). In contrast, female flowers of occasional or cultivated monoecious plants (referred to as hermaphrodites) are located at the tips of the side shoots (Faux, Berhin et al. 2014; Rana and Choudhary 2010). Male flowers are located sporadically in the leaf axils. These types of cultivars are characterized by higher seed yields and higher homogeneity of the crop compared to the dioecious varieties due to synchronized ripening. Mechanical harvesting is easier. Therefore, they are used for fiber and oilseed production. Different cultivars may also have different shoot architectures in dioecious plants, depending on selection for different utilization needs. For example, dioecious hemp cultivars selected for fiber production are generally tall, with lower branching and less woody stem tissue to maximize bast fiber production, while drug-type cultivars are generally highly branched to increase female flower production.

While selected traits in domesticated cultivars are genetically fixed by continued selection, environmental conditions such as temperature and solar radiation (or exposure in indoor cultivars ▸ Chapter 4.1.6), as well as site conditions (soil or substrate composition, water supply) also influence morphology (Small 2018). In addition, environmental conditions also influence foliage coloration. For example, Cannabis sativa can exhibit foliage and stems striped by anthocyanins – especially after exposure to frost.


2.2.2Inflorescences and flowers

 Cannabis is a short-day plant: that is, the development of fertile inflorescences is significantly induced by day length (= photoperiod) being below a specific threshold. The first sign of the beginning of the flowering period is the emergence of primordia on the nodes of the main shoot or stem of the plant, in the leaf axils at the point of attachment of the petioles behind the stipules. Prior to the formation of the flowering parts, male and female plants are indistinguishable. Only general trends in the appearance of plants of different sexes can be identified (Clarke 1997).

 The female flowers are developed insimple inflorescences that known as racemes and are present in dense clusters (compound racemes). The paired, inconspicuous female flowers appear with two long, white, yellow or pink stigmas protruding from the sheath of a thin-walled, green perigonal bract (○ Fig. 2.4). The latter arises under each flower and grows to envelop the fruit. These bracts and later involucral husks have a high density of glandular trichomes (○ Fig. 2.5). These are secretory resin glands in which the cannabinoids and terpenes are synthesized and accumulated (Livingston, Quilichini et al. 2020; ▸ Chapter 3.1.2). The number of glandular trichomes varies from cultivar to cultivar. Other young above-ground plant parts may also have a relatively high density of this type of epidermal secretory glands, but this never approaches the same density as seen in the inflorescences.
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Fig. 2.4 Sitting in the leaf axils are A female flowers, B male flowers and C inflorescences of a hermaphrodite with female and male flowers
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Fig. 2.5 Female inflorescences of various cannabis cultivars, richly covered with trichomes
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Fig. 2.6 Bulbous, non-secretory cystolith hairs (orange arrows), sessile (yellow arrows), and pedunculate (blue arrows) trichomes on female cannabis inflorescences



In female flowers, three types of trichomes are distinguished on the basis of their morphology: bulbous, sessile (= sitting) pre-stalked and stalked trichomes (○ Fig. 2.6; Hammond and Mahlberg 1973; Livingston, Quilichini et al. 2020; Tanney, Backer et al. 2021). Bulbous trichomes are the smallest and produce few terpenoid metabolites. The sessile and stalked trichomes are similar only architecturally; both have a spherical head and sit on a multicellular stalk on or above the epidermal surface. The pedunculate trichomes are larger and more abundant (Hammond and Mahlberg 1977). Livingston, Quilichini et al. (2020) studied the morphology, compartmentalization and physiology of glandular trichomes in more detail. They showed that stalkedtrichomes arise from transient, sessile progenitors during flower development (○ Fig. 2.7) and are anatomically and biochemically distinct from sessile trichomes. This is also true for other trichome types on the anthers of male flowers and vegetative leaves, which contain secondary metabolite profile which is characterized more by terpenoids and fewer cannabinoids. The high cannabinoid contents of stalked glandular trichomes are the result of a pronounced expression of key enzymes of terpene and cannabinoid biosynthesis (▸ Chapter 3), which increases during flower development. In addition, cannabis plants also possess non-glandular trichomes (e.g. cystoliths), which are hair-like and have a single or multicellular structure (○ Fig. 2.6).
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Fig. 2.7 Origin and characteristics of glandular trichomes of cannabis.

Glandular trichomes are formed by a single epidermal cell first bulging outward (1) and then dividing anticlinally (perpendicular to the surface) (2). This is followed by a periclinal division (parallel to the surface) that separates the secretory cells initial from the initial cells of the bearing parts. A second periclinal division separates basal and stalk cells (3). The two basal cells do not divide further, while the stalk cell layer continues to proliferate perpendicular to the first division (4). The secretory disk enlarges radially and divides until 8–13 secretory cells are formed and resin secretion begins; a membrane detaches from the outer skin of the gland head, enclosing the exuding resin and giving the head a spherical appearance (5). Cell division is now complete. The disk of secretory cells continue to extend to twice the original diameter; depending on the trichome type, the stalk cells continue to divide and extend, lifting the gland head up to 500 µm above the epidermal surface (6); (according to Clarke 1997).



The individual male flowers are small, short-stalked, drooping, and arranged in larger, loose, inflorescences (○ Fig. 2.4). They appear in pairs, usually on special flowering branches, but also at the base of some vegetative branches. The male flowers are greenish or whitish, have five petals and conspicuous stamens. They bear bulbous glandular trichomes on the anthers and filaments and produce large quantities of small, light-colored, dry pollen grains. After releasing their pollen, the male plants die several weeks before the female plants of the same population reach seed maturity. The female plants, however, continue to grow during fruiting. Fruits mature in 3 to 4, but possibly 8 weeks. Since female plants usually bear flowers at different stages of development, this results in uneven maturity of hemp fruits in wild populations. Cultivars that show largely synchronous fruit ripening are used for oilseed production.


2.2.3Fruits

 The fruits of the hemp plant develop from a one-seeded ovary. They are small ovoid achenes, generally 2–5 mm long (= nut fruits in which the seed coat and the pericarp lie close together; ○ Fig. 2.8), and protected by bracts (▸ Chapter 2.2.2). Their coloration can vary from white, yellow, orange, gray, brown to black. The color and patterning of the fruits is also used for taxonomic classification (▸ Chapter 2.1).
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Fig. 2.8 Cannabis fruits (achenes) A in cracked fruit wall (= pericarp) B in opened fruit wall C seed embryo (“seed”) without fruit wall
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2.3Cannabis breeding and current ­cultivars

Cannabis produces large quantities of pollen and fruit. Nevertheless, it is not easy to improve the plant through classical selective breeding. Cannabis populations are almost always dioecious. Male and female flowers are therefore found on separate plants, which are therefore not normally capable of self-fertilization. However, self-fertilization is the most effective sexual reproductive method for fixing desirable charactersbecause the respective genes are more likely to be present in both the male pollen and the female ovule if they originate from the same plant. In dioecious cannabis cultivars, the recessive alleles controlling a selected trait locus (aa) are present in two separate individuals: a male or pollen parent (either Aa, aA, or aa), and a female or seed parent (also either Aa, aA, or aa). As a result, qualitative traits are usually controlled at single loci by dominant allele forms (AA, Aa, and aA), which are much more common (3:1 ratio) than recessive ones (aa) and whose heritability is therefore high. Quantitative charactersare more often controlled by different allele forms at different loci; therefore, their heritability is low, making improvement by breeding difficult (Clarke and Merlin 2013, 2016). Female plants provide the majority of commercially valuable cannabis products, including fiber, seeds or drugs, while male plants merely fertilize female plants and are occasionally harvested for their fiber. This, too, makes it difficult for plant breeders to identify potentially beneficial charactersin a male parent, since those charactersmust ultimately come to expression in the female plants of the following generations. All cannabis plants are wind pollinators, so for breeding purposes, the selected female seed parents must be isolated from the male pollen parents until they are to be pollinated by a selected male parent to avoid accidental fertilization or seed formation. Successful breeding of open-pollinated varieties requires the identification of plants with advantageous charactersand then the creation of F1 breeding lines by repeated selection, hybridization between these lines, stabilization of the lines by means of vegetatively propagated clones of the parents, and field testing of their progeny. Today, genomic markers are also increasingly used in breeding (Barcaccia, Palumbo et al. 2020; Posselt 2010). It is a costly and lengthy process to develop these types of genuine cultivars. The numerous cultivars that have been preserved and are available today therefore do not only originate from commercial breeding projects, but are also the result of diverse activities of individual, not infrequently private initiatives. In addition to the F1 hybrids, today there are a large number of cultivars that are the result of the selection of female plants without cross-pollination. For this purpose, male plants which do not undergo any particular selection process initially are used as pollen donors for crosses with selected female clones in order to produce hybrid seeds. (○ Fig. 2.9). The seeds obtained as result, which do not have the genetic constitution of F1 hybrids, are then used to select female plants, which are subsequently propagated by cuttings or meristem culture. In addition, in recent years, seed has also been obtained by means of self-pollination to produce so-called “all female” varieties. This is possible with silver thiosulfate, which inhibits ethylene production and is applied to some branches of the female plants (▸ Chapter 4.1.3). Due to the lack of ethylene, male flowers with viable genetically pure female pollen are formed on the female plants. Self-fertilization then produces seeds which, when germinated, yield a purely female generationfrom female plants.
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Fig. 2.9 Method for breeding stable, heterozygous cultivars (here Skunk No. 1): To obtain the cultivar, plants of F2 progeny were selected to perform nine consecutive inbreeding cycles to increase their homozygosity. Ten female and ten male plants were then selected and vegetatively propagated to be used as parental lines in all possible pairwise cross combinations to obtain a heterozygous cultivar with a nevertheless stable genome (according to Barcaccia, Palumbo et al. 2020).



This combines the advantages of asexual propagation (i.e. fixation of the female genotype) with the advantages of sexual propagation (i.e. propagation via seeds instead of cuttings or meristem culture) (Barcaccia, Palumbo et al. 2020). At the same time, empirical data show that female plants that are not fertilized have higher cannabinoid contents. In the past, it was necessary to remove all male plants from a culture for such “sinsemilla” plants, which is no longer necessary for purely female cultures. It is inevitable that the propagation of female plants via seeds can also lead to unstable populations that are characterized by a certain genetic diversity; this is a risk that does not exist with clonal populations from female cuttings.

The breeding or selection and domestication process, with the aim of obtaining cultivars with high cannabinoid contents, has led to the culturing of chemotypes known as “strains”. In order to characterize these strains, their contents of CBD and/or THC or CBDA and/or THCA are usually exclusively specified. In this regard, there has been criticism – quite justifiably – that this type of characterization is not sufficient to distinguish the diversity of different chemotypes from each other (Mudge, Murch et al. 2018). It is now known that domestication has resulted in a loss of CBDA metabolism in some cultivars and a shift between CBDA and THCA pathways in others, through up or down-regulation of specific enzymes within the biosynthetic pathways (▸ Chapter 3.4). The effects of domestication in modern cannabis cultivars are therefore a lack of chemical diversity and a loss of biodiversity. These cultivars, moreover, are much less likely to be distinct strains than groups of very similar chemotypes. The latter were recently differentiated into five cannabinoid chemotypes by Schilling, Dowling et al. (2021); these are discussed in more detail in ▸ Chapter 3.4.




Definition


Cultivar: A cultivar is a defined group (variety) of cannabis plants that is clearly distinguishable from other cannabis plants on the basis of morphological, physiological, cytological, chemical or other characters. As a rule, these are not wild plants but individuals obtained by breeding or selection, which are stable in terms of character and uniform among themselves.

Chemovar: Chemovars (or chemotypes) are cannabis cultivars that may not be morphologically distinct, with distinct secondary metabolite patterns. They may have minor genetic or epigenetic differences, which may have little or no effect on the morphology or anatomy of the plant; i.e. they are reflected only in terms of the chemical phenotype. This can affect both cannabinoids and terpene patterns, as well as other secondary metabolites where appropriate. Cultivars are usually also chemovars.
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3


Biosynthetic pathways of the cannabinoids






3.1Cannabinoids

Prof. Dr. Markus Veit


3.1.1Cannabinoids as chemotaxonomic markers

 Cannabinoids are terpenoid phenolic compounds with 22 carbons (or 21 carbons for the neutral, decarboxylated form). They are characterized by a resorcinyl structure, typically with isoprenyl, alkyl or aralkyl side chains parastatic to each other. To date, over 100 such compounds have been isolated from plants. For cannabis, the cannabinoids can be divided into ten main structural types (○ Fig. 3.1).
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Fig. 3.1 Main structural types of cannabinoids (according to Flores-Sanchez and Verpoorte 2008)



All other compounds that do not fit into the scheme of these main types are grouped together as “other cannabinoids”, some of which are shown in ○ Fig. 3.2. Cannabinoids of plant origin are also referred to as “phytocannabinoids”. In addition to Cannabis, they are also found in other flowering plants (e.g. Rhododendron sp.), as well as in liverworts (e.g. Radula sp.) and fungi.
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Fig. 3.2 Cannabinoids of other structural types (according to Flores-Sanchez and Verpoorte 2008)



In actual fact, cannabinoids are accumulated in cannabis as carboxylated compounds. These compounds are therefore referred to as cannabinoid acids; to make this clear, an A for “acid” is then added to their abbreviation. The most abundant compounds in cannabis are Δ9-THCA, CBDA and CBNA, followed by CBGA and CBCA. Cannabis sativa accumulates cannabinoids and terpenes in trichomes, which are found on all above-ground parts of the plant, but are especially present on the bracts of the female inflorescences in dense stands (▸ Chapter 2.2.2). Secretion and accumulation occur in a balloon-shaped cavity of the trichomes, which is filled with secretory vesicles. When the trichomes are injured, the cannabinoids and terpenes leak out and form a sticky coating on the plant surface. A variety of ecophysiological functions have been demonstrated for cannabinoids and terpenes. The protection from effects of evaporation and herbivores are essential points here (Pate 1994). The accumulated amounts and patterns of cannabinoids are influenced not only by the genetics of the plants, the phylogenesis – i.e. the developmental stage of the plants – and the related expression of the trichomes, but also by many environmental factors. Hence, very close control of these environmental factors is important in the cultivation of cannabis, and genetically uniform plants must be cultivated to ensure homogeneous development during cultivation (▸ Chapter 4.1 or ▸ Chapter 4.1.8).


3.1.2Cannabinoid biosynthesis

Cannabinoid biosynthesis in Cannabis sativa is compartmentalized (○ Fig. 3.3) and begins in the cytosol of trichome cells starting from hexanoic acid, which is likely generated by oxidative cleavage of C18 fatty acids, such as palmitic acid, which in turn originate from polyketide metabolism. Olivetolic acid (OA) is formed from these precursors over several enzyme-catalyzed steps. The geranyl diphosphate (GPP) used for the prenylation of olivetolic acid (OA) is derived from the methylerythritol-4-phosphate (MEP) pathway, which typically occurs in the plastids of eukaryotic cells (in plant cells, usually in the chloroplasts). Geranyl diphosphate and olivetolic acid are condensed by the membrane-bound prenylase geranyl diphosphate – olivetolate geranyltransferase (GOT, also referred to as cannabigerolic acid synthase, or CBGAS) – in the plastids to form cannabigerolic acid (CBGA), which is transported into the apoplast of the trichomes. There it is a common substrate for three oxydocyclases: Δ9-tetrahydrocannabinolic acid synthase (THCAS), cannabidiol acid synthase (CBDAS) and cannabichromenic acid synthase (CBCAS), which, according to their designation, catalyze the formation of Δ9-tetrahydrocannabinolic acid (Δ9-THCA), cannabidiolic acid (CBDA) and cannabichromenic acid (CBCA), respectively, and like their substrate (CBGA), are also transported in the apoplast. The underlying processes involved have not yet been elucidated. It is likely that transport proteins and vesicle transport play a key role in the mobilization of intermediates across the morphologically highly-specialized interface between the glandular cells of the trichomes and their apoplasts (○ Fig. 3.3; Gülck and MØller 2020). Other cannabinoids (e.g. CBNA, CBEA, and CBLA) can be formed non-enzymatically in situ under the influence of light and oxygen.
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Fig. 3.3 Cannabinoid biosynthesis in Cannabis sativa and its compartmentalization. Cytosolic steps (polyketide formation; highlighted in yellow), plastidial steps (prenylation; highlighted in brown), and apoplastic steps (oxid­ocyclization, rearrangement and storage; highlighted in gray) of biosynthesis, as well as artifacts formed in the presence of light and/or oxygen (highlighted in white). Question marks indicate unknown transport mechanisms.
Abbreviations: AAE1: acyl activating enzyme 1; ADH: alcohol dehydrogenase; CBCA: cannabichromenic acid; CBCAS: cannabichromenic acid synthase; CBDA: cannabidiolic acid; CBDAS: cannabidiolic acid synthase; CBEA: cannabielsoic acid; CBGA: cannabigerolic acid; CBGAS: cannabigerolic acid synthase; CBLA: cannabicyclic acid; CBNA: cannabinolic acid; GOT: prenylase-geranyl diphosphate: olivetolate-geranyltransferase; HPL: hydroperoxide lyase; LOX: lipoxygenase; MEP: methylerythritol 4-phosphate; OAC: olivetolic acid cyclase; OLS: olivetol synthase; Δ9-THCA: Δ9-tetrahydrocannabinolic acid; Δ9-THCAS: Δ9-tetrahydrocannabinolic acid synthase (modified according to Gülck and MØller 2020).



The cyclic cannabinoids formed in this way are then excreted and accumulatedin the apoplast. This is therefore also referred to as the extracellular trichome cavity (▸ Chapter 2.2.2). Δ9-THCA, CBDA and CBCA are the end products of the enzymatic biosynthesis of cannabinoids with a pentyl side chain. The biosynthesis of cannabinoids with other alkyl side chains (C1-C4) are catalyzed analogously by the same enzymes, but from the respective shorter-chain fatty acyl-CoAs (acetyl-CoA, propanoyl CoA, butanoyl CoA, and pentanoyl CoA, respectively) as compared to hexanoyl CoA, with lower enzymatic affinity of olivetol synthetase (OLS).

In addition to the side chain, the structural diversity of cannabinoids results from differences in the isoprenyl residue or resorcinyl core. Apart from its degree of oligomerization (prenyl, terpenyl, sesquiterpenyl), the isoprenyl residue occurs in nine basic structural types (○ Fig. 3.4):


	
The isoprenyl moiety is linear (cannabigerol-type compounds), monocyclic or bicyclic (cannabicyclol-type).

	
Oxygen bridges between the isoprenyl and resorcinyl residues give rise to cannabichromene (CBC)-like compounds from linear precursors and tetrahydrocannabinol (THC)-like, cannabielsoin (CBE)-like, and cannabifuran (CBF)-like compounds from monocyclic precursors.

	
Aromatization of monocyclic isoprenyl residues produces cannabinol and cannabinodiol derivatives from the THC-like and CBD-like precursors.

	
Formation of additional carbon bonds results in the cannabicyclol derivatives.
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Fig. 3.4 Biogenetic interrelationship of the different structural types of cannabinoids (according to Hanuš, Meyer et al. 2016)



The substituent of the resorcinol ring can not only be alkyl, but also aralkyl, originating from the phenylpropane biosynthetic pathway. Depending on the alkylation of the resorcinol residue, a distinction is made among the alkyl cannabinoids between orcinoids, varinoids and olivetoids. Here, the names refer to their corresponding nonprenylated resorcinyl derivatives (orcinol, divarinol, and olivetol; ○ Fig. 3.7). Orcinoids are the major phytocannabinoids of the Rhododendron species; they are rarely found in Cannabis. Alkyl side chains with an even number of carbons (two or four) are very rare, although compounds of this type have been described as trace constituents of Cannabis (Hanuš, Meyer et al. 2016).
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Fig. 3.5 Proposed degradation mechanisms of Δ9-THC or Δ9-THCA to CBN or CBNA, respectively (according to Hanuš, Meyer et al. 2016).



Aralkyl cannabinoids do not occur in Cannabis, but otherwise have a wide distribution in both higher plants (including the genera Helichrysum, Amorpha, and Glycyrrhiza) and lower plants (for example, liverworts of the genus Radula; ○ Fig. 3.6). Detailed overviews of the biosynthesis can be found in Gülck and MØller (2020) and in Hanuš, Meyer et al. (2016).
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Fig. 3.6 Perrottetinene from Radula marginata as an example of an aralkyl cannabinoid, a class of cannabinoids not found in Cannabis



In the case of the cannabinoids which are genuinely accumulated in the trichomes, the resorcinol ring is carboxylated. The THC acids with carboxylation in position 2 or 4 are not agonists of the endogenous cannabinoid receptors and have low affinity for CB1 and CB2 receptors. Accordingly, among other differences, they have no psychotropic effect (McPartland, MacDonald et al. 2017). The neutral compounds are formed by decarboxylation of the corresponding acids. Decarboxylation also takes place in or on the living plant, but increases during storage after harvest, especially at elevated temperatures. Therefore, (dried) cannabis flowers as well as most preparations always contain Δ9-THC due to spontaneous decarboxylation, and the same applies to the other carboxylated cannabinoids and their decarboxylation products.

Both forms (carboxylated and decarboxylated) are further degraded to secondary products by exposure to temperature and light or via an oxidative pathway. Δ9-THCA, CBDA and CBCA can undergo further reactions either in or on the plant. By the effects of light and/or oxygen, CBNA is formed from Δ9-THCA, CBLA from CBCA, and CBEA from CBDA by spontaneous rearrangement (○ Fig. 3.3). The breakdown of Δ9-THCA (and by analogy, of Δ9-THC) is of particular importance as it is a reaction that influences the quality of cannabis flowers and preparations made from them. The degradation is triggered by oxidative deprotonation at the carbon in position 10a (○ Fig. 3.5). The resulting radical is further deprotonated at the carbon in position 6a, with formation of a conjugated double bond between C-6a and C-10a, en route to aromatization to CBN. Alternative dienes can be formed by epoxidation of the endocyclic double bond followed by hydrolysis of the epoxide and double dehydration, or by oxidation at the C-8 carbon followed by dehydration. The aromatization of these dienes finally leads to CBN (○ Fig. 3.5).

CBN is no longer sensitive to oxidation and is very stable – both in living plants and in the herbal drugs and herbal preparations derived from them.
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Fig. 3.7 Overview of cannabinoids derived from an orcinoid, varinoid, or olivetoid backbone. Abbreviations: CBC: cannabichromene; CBD: cannabidiol; CBE: cannabielsoin; CBG: cannabigerol; CBL: cannabicyclol;
CBN: cannabinol; CBND: cannabinodiol; CBT: cannabitriol; Pr: prenyl; Sk: side chain; Δ8-THC: Δ8-tetrahydrocannabinol; Δ9-THC: Δ9-tetrahydrocannabinol (modified according to Gülck and MØller 2020)
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Δ9-THCA and Δ9-THC as well as CBDA and CBD can also be degraded in the presence of acids and by an oxidative route to Δ8-THCA or Δ8-THC. The Δ8 position is thermodynamically more stable than the Δ9 position, which favors such isomerization. Δ8-THCA or Δ8-THC are not oxidatively degraded.


3.1.3Artificial enzymatic production of cannabinoids

Most of the enzymes involved in cannabinoid biosynthesis have been identified and cloned, which has significantly advanced the development of alternative strategies for cannabinoid production in recent years (Taura, Tanaya et al. 2019). This is true in heterologous systems with respect to the intracellular conversion of individual cannabinoids into each other, such as the production of THCA after feeding CBGA in yeasts with intracellular expression of recombinant THCA synthase, but also for the complete biosynthesis of cannabinoids in yeasts from simple precursors such as sugars and hexanoate (Luo, Reiter et al. 2019). Recently, an in vitro total enzymatic synthesis was also described (Valliere, Korman et al. 2019); the enzymes used for this were obtained from very different sources and not necessarily from Cannabis (▸ Chapter 4.5.2 and ▸ Chapter 4.5.3). Such approaches, although appearing costly, can be used when organismic production is difficult due to the toxicity of the end products. Feeding different fatty acids to yeast cultures can be used to produce a range of novel THCA analogs with side chains of variable length or with different branching and saturation levels. This works because the acyl-activating enzyme AAE1 and several cannabinoid pathway-specific enzymes have a promiscuous nature and accept different precursors as substrates. Moreover, such a biosynthetic strategy can also be used to produce analogs with terminal alky moieties. Such new artificial cannabinoids could also be used medicinally in the future. Details on biotechnological processes for cannabinoid production are presented in ▸ Chapter 4.5.


3.1.4Chemical synthesis and properties of cannabidiol (CBD)

CBD can be considered as an independent active ingredient, on the one hand, and is the key substance for efficient synthesis of Δ9-THC, on the other. According to IUPAC nomenclature, it is designated as 2-[(1R,6R)-3-methyl-6-prop-1-en-2-ylcyclohex-2-en-1-yl]-5-pentylbenzene-1,3-diol. CBD is crystalline at 20 °C and 1013 hPa and is described by the German Drug Codex (DAC/NRF) as a “white to almost white powder”. Building on the work of Petrzilka, Haefliger et al. (1969) and Crombie and Crombie (1977), who published initial synthesis proposals as early as the late 1960 s, the synthesis of CBD has been steadily developed to date. Götz (2018) published an optimized synthesis in three steps (○ Fig. 3.8): starting from (+)-p-mentha-2,8-dien-1-ol (1) and olivetolcarboxylic acid methyl ester (2), (-)-trans-cannabidiolcarboxylic acid methyl ester (3) can be prepared by Lewis acid catalysis. The reaction represents a Friedel-Crafts alkylation. In a second step, the cannabidiol carboxylic acid ester (4) can be formed from this by transesterification, from which CBD (5) is formed by alkaline saponification and decarboxylation (○ Fig. 3.8).

Chemically, CBD can be converted into Δ9-THC in an acid-catalyzed manner. The formation of Δ9-THC in CBD products has also been observed during storage, but the underlying mechanism is not yet known (Lachenmeier and Walch 2020). Based on the impurity spectra, CBD of synthetic origin can be distinguished from CBD obtained from natural sources (Citti, Linciano et al. 2019).
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Fig. 3.8 Chemical synthesis of CBD (Götz 2018)




3.1.5Chemical synthesis and properties of Δ9-tetrahydrocannabinol (Δ9-THC)

As a plant secondary metabolite, tetrahydrocannabinol is biosynthesized regiospecifically as (6aR,10aR)-6,6,9-trimethyl-3-pentyl-6a,7,8,10a-tetrahydro-6H-benzo(c)chromen-1-ol (IUPAC nomenclature); that is, exclusively the 6aR,10aR enantiomer – i.e. the (-)-trans-Δ9 form (○ Fig. 3.9). This enantiomer is also called dronabinol. Δ9-THC, on the other hand, can also denote a racemate, because the designation only provides information about the location of the double bond, but says nothing about the configuration of the stereocenters. Nevertheless, it is tacitly always assumed that the (-)-trans-form is present, i.e. the enantiomer designated as dronabinol. It is a compound that is very difficult to crystallize and usually always occurs in a resinous or viscous form. When exposed to atmospheric oxygen, Δ9-THC rapidly turns from purple to light brown to black, which is why it is important to store it away from light and oxygen.

Gaoni and Mechoulam published the structural elucidation of dronabinol in 1964; a little later (1966) they described the cyclization of naturally derived CBD to Δ9-THC, and around the same time a first full synthesis was described. The authors referred to the substance as Δ1-tetrahydrocannabinol according to a nomenclature no longer in use today. Several intermediate chromatographic steps were necessary at that time to obtain a final yield of Δ9-THC of 2% from the non-specific reaction. To this day, new synthesis options are constantly being described. Different chiral pools of starting molecules and asymmetric catalytic approaches are used for the synthesis. Asymmetric catalysis is characterized by a high substrate bandwidth as well as high regioselectivity and stereoselectivity. However, it requires more elaborate synthesis routes (Bloemendal, van Hest et al. 2020). Alternatively, it can be synthesized via cyclization starting from cannabidiol, which can now be obtained using an optimized three-step synthesis (▸ Chapter 3.1.4). The cyclization is achieved using BF3 etherate as a catalyst (○ Fig. 3.9). In addition to (-)-trans-Δ9-THC (2), the synthesis also yields (small amounts of) exo-THC (3) and (-)-trans-Δ8-THC (4) as well as the bicyclic minor component iso-THC (5; Götz 2018). Due to the very different ways of synthesizing Δ9-THC, the spectrum of impurities may vary considerably. This must also be taken into account in a future development of a European Pharmacopoeia monograph. Currently, only Δ8-THC is specified in the USP and its content is limited to a maximum of 2.0%.
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Fig. 3.9 By-products expected during the chemical synthesis of Δ9-THC from CBD (Götz 2018)




3.1.6Chemical synthesis and properties of nabilone

Nabilone was developed by Lilly Research Laboratories in the early 1970 s. Its synthesis was described by Archer, Blanchard et al. (1977). The structure of nabilone is quite similar to that of THC, and is described as (6aR,10aR)-1-hydroxy-6,6-dimethyl-3-(2-methyloctan-2-yl)-7,8,10,10a-tetrahydro-6aH-benzo[c]-chromen-9-one (○ Fig. 3.10).

The drug nabilone is a racemate [1:1 mixture of the (6aR,10aR) form and the (6aS,10aS) form, which are enantiomers of each other]. The two remaining stereoisomers [(6aR,10aS)-form and (6aS,10aR)-form] do not possess pharmacological significance. Unlike Δ9-THC, nabilone has a dimethylheptyl side chain at position 3, a saturated ring without a double bond between the carbons at positions 9 and 10, and a keto group instead of a methyl group at position 9. Due to these structural differences, nabilone is not converted to Δ9-THC, or vice versa.
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Fig. 3.10 Structure of nabilone
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3.2Terpenes

In Cannabis sativa, various mono-, sesqui- and triterpenes are accumulated; the volatile mono- and sesquiterpenes together with the cannabinoids are found mainly in the trichomes. To date, more than 200 volatiles have been isolated and described from the various Cannabis chemotypes. Monoterpenes (C10) and sesquiterpenes (C15) can account for about 2–5% of the dry weight of cannabis flowers, while triterpenes play a rather minor role.

Terpene composition is a phenotypic characterthat shows wide variation among different chemotypes. The most abundant monoterpenes are limonene, β-myrcene, α-pinene, and linalool; there are also traces of terpinols and E-β-ocimene (○ Fig. 3.11). The predominant sesquiterpenes are e-caryophyllene, caryophyllene epoxide, e-β-farnesene and β-caryophyllene (Sommano, Chittasupho et al. 2020).
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Fig. 3.11 Characteristic mono- and sesquiterpenes in Cannabis sativa



Biosynthesis of terpenes (○ Fig. 3.12) begins with isoprenoid diphosphate precursors (5C) via two pathways (○ Fig. 3.12): the plastidial methylerythritol phosphate (MEP) pathway and the cytosolic mevalonate (MEV) pathway. These two biosynthetic pathways regulate the different substrates available for terpene synthesis. In the methylthritol phosphate (MEP) pathway (in plastids), pyruvate and glyceraldehyde-3-phosphate (GAP) are converted to isopentenyl diphosphate (IPP) and dimethylallyl diphosphate (DMAPP) (A in ○ Fig. 3.12). In the MEV pathway (in the cytosol), however, three units of acetyl-CoA are converted to IPP, which is isomerized to DMAPP (B in ○ Fig. 3.12). IPP and DMAPP are then condensed to the two isoprenoid diphosphates, geranyl diphosphate (GPP) and farnesyl diphosphate (FPP). The latter two diphosphates are substrates for monoterpene synthases (mono-TPS), such as limonene synthase found in cannabis, or sesquiterpene synthases (sesqui-TPS), such as bisabolol synthase found in cannabis (○ Fig. 3.14). Further enzymatic modifications such as hydroxylation, dehydrogenation, acylation, and glycosylation lead to the different types of mono- and sesquiterpenes. GPP is also basic component of cannabinoid biosynthesis (○ Fig. 3.3).
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Fig. 3.12 Biosynthesis of terpenes in Cannabis sativa to isopentyl pyrophosphate (IPP) and dimethylallyl pyrophosphate (DMAPP). IPP and DMAPP are then condensed to the two isoprenoid diphosphates, geranyl diphosphate (GPP) and farnesyl diphosphate (FPP), which are the precursors for mono- and sesquiterpenes, respectively.



Terpenes are largely responsible for the characteristic aroma of Cannabis. They are also summarized under the term “entourage” compounds. The entourage effect refers to an assumed synergistic activity between cannabinoids and terpenes in Cannabis, which has not yet been scientifically validated. However, pharmacological activities are also described for some terpenes frequently occurring in Cannabis sativa, which could certainly contribute in a supportive or modulating manner to the effects of the cannabinoids (▸ Chapter 6.3). Examples include the monoterpenes limonene, linalool, α-terpineol, α-terpinene, α- and β-pinene, β-elemene, β-ocimene, camphene and citral, as well as the sesquiterpene nerodiol (Gonçalves, Baldasso et al. 2020).
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3.3Other secondary substances

In Cannabis sativa, in addition to terpenoid compounds accumulated in the trichomes, numerous other secondary substances have been described, including flavonoids, spiroindans, dihyrostilbenes, dihydrophenanthrenes, lignanamides, steroids and alkaloids. Of these, flavonoids (possibly prenylated), stilbenoid derivatives and lignanamides are potentially relevant for medical use (Pollastro, Minassi et al. 2018). To date, over 20 different flavonoids have been described, most of which are glycosides or aglycones of flavones (apigenin and luteolin) and flavonols (kaempferol and quercetin). Interestingly, three prenylated/geranylated flavones characteristic of Cannabis have been isolated with cannflavin A, B and C (○ Fig. 3.13; Bautista, Yu et al. 2021)
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Fig. 3.13 Characteristic flavonoids in Cannabis sativa
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3.4Chemotypes of Cannabis sativa


There are numerous genetically fixed chemotypes in Cannabis sativa (Mudge, Murch et al. 2018); these differ not only with regard to the patterns of accumulated cannabinoids, but also with regard to the patterns of other secondary compounds. In terms of breeding and other genetic editing of the taxon, in addition to cannabinoids, terpene profiles are a further important target in this regard. Different chemotypes are also referred to as “strains”. Numerous concepts have now been postulated to classify different chemotypes, whereby their characterization is often exclusively based on their content of CBD and/or THC or CBDA and/or THCA. In this regard, there has been justified criticism that such characterization is insufficient to distinguish the diversity of chemotypes (Mudge, Murch et al. 2018). We now know that domestication has resulted in a loss of CBDA metabolism in some cultivars and a shift between CBDA and THCA pathways in others – through up-regulation and down-regulation of specific enzymes within biosynthetic pathways. The consequences of domestication in modern cannabis cultivars are therefore a lack of chemical diversity and a loss of biodiversity. The different cultivars, moreover, are much less to be regarded as distinct strains than as groups of very similar chemotypes.
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Fig. 3.14 Biogenetic relationships of mono- (A) and sesquiterpenes present in cannabis (B)
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Small (2015) proposed a classification into categories based on combined characters (plant morphology, cannabinoid patterns, terpene patterns, density and distribution of trichomes, and inflorescence color), and also based on the use and domestication of the plants:


	
Non-narcotic plants domesticated for fiber (and to a lesser extent oilseed) in Western Asia and Europe. Their cannabinoid contents are typically low, with relatively high CBD content compared to THC. In Europe, this group is referred to as industrial hemp.

	
Narcotic plants domesticated in South and Central Asia for their very high THC content.

	
Narcotic plants domesticated in South Asia, especially in Afghanistan and neighboring countries, with high THC and CBD contents.

	
Hybrid class obtained by crosses between the two narcotic groups.



Schilling, Dowling et al. (2021) differentiate five cannabinoid chemotypes based on the genetics and expression of key enzymes for the biosynthesis of THCA and CBDA (○ Fig. 3.15). Chemotype I (type I for short) plants produce high amounts of THCA and only low amounts of CBDA and CBGA. In type II cannabis plants, THCA and CBDA are produced in approximately equal amounts. In contrast, type III plants have high CBDA levels and produce low to very low amounts of THCA. Chemotype IV and V refer to cannabis plants in which CBGA is the dominant phytocannabinoid or which have very low overall phytocannabinoid levels, respectively (○ Fig. 3.15).
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Fig. 3.15 Relationships between the genotypes and chemotypes of cannabis. The different synthases are encoded by distinct loci: BT (encoding an active THCA synthase) and BD (encoding an active CBDA synthase). BT/BT plants produce mainly THCA (chemotype I), whereas BD/BD plants produce mainly CBDA (chemotype III). The presence of BT and BD in the diploid genome results in chemotype II (intermediate THCA and CBDA levels). B0 indicates the presence of only nonfunctional THCA and CBDA synthases, leading to the accumulation of CBGA (chemotype IV). Cannabis cultivars with very low total cannabinoid content are assigned to chemotype V, which is caused by a homozygous recessive allele of locus O. To complicate matters further, there is also a locus C that encodes CBCA synthase. However, in almost all cultivars, CBCA is produced only in young, immature flowers (according to Schilling, Dowling et al. 2021).



The genetics of the different chemotypes is now well understood. A summary overview of this can be found in Rodziewicz and Kayser (2020). This knowledge is used in breeding to produce chemotypes that exhibit specific ingredient patterns. Conversely, molecular markers and PCR analysis can be used to analyze distinct clones and predict expected cannabinoid profiles. It is very easy to discriminate between the three most important chemotypes (Cascini, Passerotti et al. 2013).

Including different groups of constituents, metabolomics approaches are now frequently used to assign chemotypes to distinct clusters (Aliferis and Bernard-Perron 2020). For example, Hazekamp, Tejkalová et al. (2016) use such an approach to investigate chemical variation within 460 accessions of marijuana or hemp collected in the Netherlands. The focus of the study was differences in patterns of secondary compounds between indica and sativa types. The authors used a principal component analysis (PCA) approach based on the analysis of a large number of terpenes and cannabinoids to visualize potential clustering of the data sets. They found that the presence of the terpenes trans-bergamotene, trans-β-farnesene, 3-carene, and terpinolene was most strongly associated with the sativa-type samples, while β- and γ-eudesmol, guaiol, myrcene, and γ-elemene were the most prominent markers for indica-type samples, with essentially all hydroxylated terpenes being more strongly associated with the indica type. It seems noteworthy that sativa and indica types did not differ in their average content of the two lead cannabinoids Δ9-THC and CBD, respectively.
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Different products and their supply chain






4.1Cultivation and processing of the drug

Dr. Alberto M. Laginha

At the beginning of the supply chain of phytocannabinoid-based medicinal products is Cannabis cultivation. This chapter describes essential steps in the production of cannabis flowers, from the provision of genetically suitable starting material to the storage of the ready-to-deliver drug (▸ Chapter 4.1.2 – ▸ Chapter 4.1.7.5), as well as the quality requirements to be met for pharmaceutically used flower material, including active ingredients, preparations, and medicinal products derived from it (▸ Chapter 4.2). In addition, the pharmaceutical quality requirements for partially or fully synthetically obtained cannabinoids, namely THC and CBD, are also discussed in detail.

Medicinal drugs originate from wild harvest or medicinal plant cultivation. Some manufacturers of herbal medicines prefer drugs from cultivation because higher quality drugs can be obtained through cultivar selection and other crop management measures (Teuscher, Melzig et al. 2012). For drug extraction, plants are usually cultivated in the field. For cannabis, this is largely different: all cannabis flowers currently available on the European market come from cultivation under controlled environmental conditions. This makes cannabis the only medicinal plant cultivated in this way on an industrial scale. The first cannabis flower products available in pharmacies after their reintroduction into our pharmacies were from plants cultivated indoors. Now, cannabis flowers from greenhouse cultivation are also sold in the EU. However, for the production of cannabis-based medicines, cultivation in the field is also important.

Accordingly, three different cultivation systems for medical cannabis can basically be distinguished:


	
Outdoor cultivation,

	
Greenhouse cultivation and

	
Indoor cultivation in closed rooms under artificial lighting and climate-controlled conditions.



In addition to high yields, one important goal in medicinal plant cultivation is to produce uniform plants of an appropriate pharmaceutical quality. Just as in all biological systems, the expression of traits (phenotype) and thus the quality characteristics of medicinal plants depend on the interaction between the two factors of genotype and environment. After harvest, it is the drying, further processing and storage conditions which influence drug quality. Major environmental factors influencing plant growth are:


	
Light quantity;

	
Light quality;

	
Duration of illumination (photoperiod);

	
Supply of water;

	
Supply of nutrients;

	
CO2 concentration of the air;

	
Temperature; and

	
Humidity.



 Depending on the cultivation system, these factors can be influenced to a greater or lesser extent. The genotype factor can be influenced by selecting suitable plant genetic starting material.


4.1.1Cannabis physiology

Cannabis is an annual plant. Most cannabis genotypes are short-day plants and start flowering in summer when the days become shorter after the solstice. This phenomenon is used in medical cannabis cultivation to control the life cycle and thus the duration of cultivation of the plants. Cannabis cultivars used for medicinal purposes are dioecious, meaning that flowers are either male or female and are produced on different plants (Clarke 1981; Potter 2014). Female flowers are arranged in densely packed inflorescences (○ Fig. 4.1).
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Fig. 4.1 Dried and trimmed female cannabis flowers on an inflorescence



Cannabis is an allogamous plant (cross-pollinator), i.e. the pollen is transferred from a male to a female flower. In the case of hemp, pollination occurs mainly through the wind. This has far-reaching consequences for the cultivation and propagation of medical cannabis (▸ Chapter 4.1.3).

The two cannabinoids Δ9-tetrahydrocannabinol (THC) and cannabidiol (CBD) are mainly responsible for the therapeutic effects of cannabis. They are synthesized in the plant as pharmacologically inactive cannabinoid carboxylic acids (e.g. THCA, CBDA). Through drying, storage or heating of the plant material the cannabinoid carboxylic acids are partially or completely decarboxylated, producing active compounds. The cannabinoids are synthesized in glands called trichomes and secreted together with other substances as resin (○ Fig. 4.8). Trichomes are formed in a density that is relevant for medicinal use exclusively on the flowers of female cannabis plants. Cannabinoids can make up to about 30% of the dry mass of female cannabis flowers (Clarke and Watson 2007). Male plants and the leaves of female plants, on the other hand, only produce a small amount of resin (Potter 2014). In addition to cannabinoids, cannabis also produces an essential oil that contains numerous terpenes, mainly mono- and sesquiterpenes. Some of these terpenes are pharmacologically active, and it is assumed that they can modulate the effects of cannabis together with cannabinoids (McPartland and Russo 2001; Russo 2011), although more research is needed to draw firm conclusions about the nature, extent and causality of this so-called entourage effect (▸ Chapter 6.3).

The content of cannabinoids in the dried plant material of different cultivars differs quantitatively and qualitatively. The total content is regulated by several genes and is strongly influenced by the environment. In contrast, the composition of the cannabinoid fraction is inherited through a few genetic factors. Three chemical phenotypes (chemotypes) are important for the production of medical cannabis. These differ in terms of their THC/CBD ratio:


	
Chemotype I has a high THC and low CBD content.

	
In the plant material of chemotype II, THC and CBD content are approximately equal.

	
Chemotype III has low THC and high CBD content (de Meijer, Bagatta et al. 2003; de Meijer 2014; ElSohly, Radwan et al. 2017); for more detail on chemotypes, see ▸ Chapter 3.4).




4.1.2Standardized and quality assured cannabis flowers

 Standardization measures at all stages of production are fundamental for manufacturing medicinal products of uniform pharmaceutical quality in order to achieve a defined standard as dictated by pharmacopoeia monographs or other official collections (e.g. the DAC) and in-house specifications (Teuscher, Melzig et al. 2012; ▸ Chapter 4.2).

The main ingredients THC and CBD are not limited to a minimum or maximum content in the DAB monograph. This allows for a high therapeutic diversity, because the genetic diversity of cannabis is very large and there are a variety of cultivars with different cannabinoid contents and compositions (▸ Chapter 16.4.1). To ensure that patients receive cannabis flowers of consistent quality from batch to batch, pharmaceutical companies usually define a content range for the two main cannabinoids THC and CBD in the specifications of their products. This content range should not be chosen too narrowly, because cannabis flowers are natural products that are subject to natural fluctuations (Laginha 2018). For cannabis flowers produced in Germany, the Cannabis Agency's request for proposals called for the production of three different cannabis types with different definitions of THC and CBD content ranges. The cannabinoid content (THC or CBD) in each of these three cannabis types was limited by the BfArM to a range of maximum 4% (□ Tab. 4.1). In some jurisdictions, authorities require pharmaceutical entrepreneurs to limit the range of variation of cannabinoids in the specifications of their cannabis flower products to a maximum of ±10% around the mean. This can mean a content range that is far too narrow, especially for cannabis cultivars with low cannabinoid contents (e.g. 7% THC ± 10%, i.e. 6.3–7.7% THC). Producing consistent batches of such cultivars is a major challenge. Therefore, such a narrowly defined range of variation may favor the production of cannabis flowers with higher cannabinoid contents.








	Tab. 4.1 THC and CBD content ranges of the three tendered cannabis types (BfArM 07/19/2018).



	Type

	THC content

	CBD content






	Type 1

	18–22%

	< 1%




	Type 2

	12–16%

	< 1%




	Type 3

	5–9%

	5–9%








As defined by the DAB monograph, cannabis flowers should contain a minimum of 90.0% and a maximum of 110.0% of the amounts of cannabinoids (THC or CBD equivalent) specified on the label (DAB); i.e. within a batch, a variation of ±10% around the value determined in the release analysis is tolerated over the shelf life (▸ Chapter 4.2.3.2).

The framework monograph “Herbal Drugs” (Ph. Eur.) defines general requirements that a drug must meet if no deviations are set out in the individual monographs (▸ Chapter 4.2.3.1). Particularly important in this context are the requirements for purity (including foreign matter, moisture, pesticide residues, heavy metals, mycotoxins, and microbial contamination). For the cultivation of medicinal plants, the GACP guidelines [Good Agricultural and Collection Practice for Starting Material of Herbal Origin (EMEA/HMPC/246816/2005)] have to be taken into account. These provide for the implementation of an adequate quality assurance system for cultivation, wild collection, harvesting and primary processing of medicinal plants. Among other information, such a system includes details on the plant genetic source material, fertilization and irrigation, cultivation techniques and plant protection measures, as well as harvesting and primary processing, including drying (EMEA/HMPC/246816/2005). For further processing steps, the GMP guidelines also apply. For more detailed information on the transition from GACP to GMP, see ▸ Chapter 4.2.2.1 to ▸ Chapter 4.2.2.3.


4.1.3Plant genetic resourcesand propagation

The cannabinoid profile of a plant is mainly determined by its genetics (de Meijer, Bagatta et al. 2003; de Meijer 2014). Due to the dioecious and allogamous nature of cannabis (▸ Chapter 4.11), the use of stable plant genetic starting material is essential to produce plants with a uniform phytochemical profile. The natural and original propagation of cannabis plants for cultivation is through seeds. However, seeds of genetically stable medical cannabis cultivars that produce uniform plants are currently difficult to obtain commercially. Therefore, for the cultivation of cannabinoid-rich medical cannabis indoors or in the greenhouse, plant cuttings, also called clones, are usually used as plant genetic starting material (○ Fig. 4.2). Vegetative (asexual) propagation of the plants produces genetically identical offspring, which, under the same cultivation conditions, produce uniform individuals with comparable phytochemical compositionsand with the same sex. The latter is of great importance, as only female plants produce sufficient amounts of cannabinoids. The presence of male plants would not only occupy precious cultivation space, but also result in undesirable pollination and seed formation. Unpollinated plants, hoping to reproduce, continuously produce flowers until senescence, which are even richer in cannabinoids as an added bonus. Medical cannabis flowers are almost exclusively produced as so-called sinsemilla (Spanish for seedless) because of these productivity advantages (Potter 2004).
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Fig. 4.2 Clones for cannabis propagation in mineral wool cubes and a grow tray



The cuttings used for vegetative propagation are obtained from female mother plants (○ Fig. 4.3). Since these cannabis cultivars are short-day plants, mother plants are cultivated under long-day conditions (18 hours of light or longer) to inhibit flower induction. Cuttings can be taken continuously, rooted, and cultivated under long-day conditions to replace older mother plants. Provided the mother plants remain free of viruses and other pathogens, no loss of vigor occurs even after multiple propagation cycles. Consecutively propagated clones have been maintained in this way for over 20 years (Clarke and Watson 2007).
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Fig. 4.3 Mother plants in a greenhouse



The selection of plants grown from seed with the desired (chemical) phenotype for the establishment of mother plants has been described in detail by Potter (2004). Many medical cannabis growers store their genetic resources in the form of mother plants in dedicated premises or areas. The mother plant stock can serve several functions: it is used to produce new mother plants, and it is also used to provide clones for production. The mother plant stock also acts as a gene bank where different cannabis cultivars can be obtained.
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Fig. 4.4 Micropropagation of cannabis by Medical Cannabis Research & Analysis GmbH



Another technique used to propagate and maintain plants clonally is sterile in vitro culture, also called micropropagation. Using tissue culture techniques, plant material is prepared and cultured in sterile nutrient agar medium (○ Fig. 4.4). Genetically identical plants can be regenerated from axillary buds or meristems using appropriate media. Meristem cultures even make it possible to produce plants that are free of phytopathogenic viruses, bacteria, and fungi (Heß 1992). Another advantage of in vitro propagation is the small space requirement. Besides the propagation of pathogen-free plant material, in vitro culture can also be useful for the conservation of genetic resources in gene banks (Chandra, Lata et al. 2013).

For outdoor cultivation on several hectares, vegetative propagation is a challenge in terms of logistics and human resources due to the costly production and planting of clones. Plant breeding and the development of new seed production methods have made it possible to efficiently produce millions of feminized seeds (Chandra, Lata et al. 2017). Feminized seed production is based on a method in which a female parent is treated with silver thiosulfate (Mohan Ram and Sett 1982). This treatment causes the female plant to become hermaphrodite, and to produce additional male flowers that exclusively produce pollen with a female sex chromosome. All seeds resulting from a cross with this type of pollen will produce female plants. This technology could also play a role in the future to produce seeds for growing medical cannabis.


4.1.4Outdoor cultivation

Cannabis is a light-loving plant that grows from spring to autumn. In summer, when the days become shorter after the solstice, flowering begins. In the northern hemisphere, the flowers are ready for harvest between August and November, depending on the cultivar. To avoid fungal attack in the cold and wet days at our local latitudes, early maturing cultivars with less crowded inflorescences and other resistance mechanisms are suitable. Outdoor cultivation allows, due to the natural life cycle of the cannabis plant, one harvest per year.

Avoiding pollination and seed formation outdoors is a challenge. Cultivation of female plants from clonal propagation or from feminized seed, if available, can save the removal of male plants. The likelihood of pollination can be reduced, but not eliminated, by maintaining an appropriate distance from industrial hemp fields (Cervantes 2006).

Although the cultivation of medicinal plants represents a significant increase in standardization over wild collection, plants in the field are subject to the climatic conditions of the growing region, which vary from year to year. Environmental parameters that can be influenced in the field are water supply through irrigation and drainage, soil properties and nutrient availability through tillage, crop rotation and fertilization. Photoperiod, light quantity and quality, and temperature and humidity cannot be directly influenced outdoors. The photoperiod depends on the latitude of the site and the season. Light intensity shows a diurnal and seasonal pattern and can vary greatly from day to day or from year to year. The quality of light, i.e. the spectral composition of sunlight, also varies greatly and cannot be controlled. It is influenced by clouds and other factors in the atmosphere, as well as by the time of day and season. In an open field, plants engage in free gas exchange with the atmosphere, whose CO2 concentration is about 400 ppm. Cultivar selection as well as planting or seeding density can influence the plants’ microclimate. For example, plants that are too densely packed can impede air circulation around the plants and provide for localized areas of (excessively) high humidity. Plant architecture can also affect the microclimate and can be influenced by the choice of cultivar.

GW Pharmaceuticals has conducted cultivation trials over several hectares in a field with feminized seeds and was able to achieve a harvest of cannabis flowers and leaves with a CBD content of about 10% (Chandra, Lata et al. 2017). Although the cannabinoid yield per unit of cultivated area may be lower, outdoor cannabis cultivation is an interesting option. This is especially true if the plant material is to be used for the production of extracts or for the isolation of pure substances such as CBD and THC.

By using agricultural machinery in the field, seeding, plant care (e.g. fertilization), and harvesting can be accomplished on a large production area with minimal labor. Outdoor cultivation is a cost-effective option to produce larger quantities of raw materialfor the production of cannabis-based medicines.


4.1.5Greenhouse cultivation

In the greenhouse, more environmental factors can be controlled and growing conditions can be better standardized than in the field. The most important parameters that can be additionally controlled in the greenhouse are photoperiod, light intensity and temperature. The possibility of extending the photoperiod in the greenhouse with additional lighting or shortening it with a blackout system makes it possible to control the development of cannabis plants (○ Fig. 4.5).
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Fig. 4.5 Lighting and darkening in the greenhouse to control the photoperiod



In controlled environments, four developmental stages are often defined (□ Tab. 4.2):


	
Vegetative growth (= culture) of mother plants;

	
Rooting of clones;

	
Vegetative growth of young plants; and

	
Flowering phase.









	Tab. 4.2 Development stages in cannabis cultivation under controlled conditions



	Development stage

	Function






	Cultivationof mother plants

	Preservation of genetic resources through vegetative growth; Provision of clones




	Clone stage

	Cultivation including rooting of cuttings




	Vegetative growth

	Establishment of biomass




	Flowering phase

	Formation of flowers and cannabinoid synthesis following induction of flowering








For the first three phases of development mentioned, the extension of the photoperiod by means of lighting in the dark seasons is essential to keep the cannabis plants in the vegetative stage and to promote growth. Shortening the light phase to 12 hours by means of darkening allows the induction of flowering even in summer. By spatially separating vegetatively growing and flowering plants into production areas with different day lengths, three to seven (for most cultivars four to five) harvests per year and area can thus be achieved in the flowering zone, depending on the cultivar (Cervantes 2006; Clarke and Watson 2007).

Light intensity can also be controlled in both directions in the greenhouse. In winter, supplemental lighting complementsthe lack of photosynthetic photon flux density. If solar radiation is too high in summer, the light intensity in the greenhouse can be reduced by shading with screens.
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Fig. 4.6 Aurora Nordic greenhouse in Denmark with cannabis plants



The greenhouse effect and heating in winter can counteract the cold temperatures in the glasshouse. If it gets too hot in the greenhouse, it is usually cooled by opening the windows and exchanging the warmer greenhouse air with the cooler outside air. Precise temperature control is not possible in this type of greenhouse. However, some modern, high-tech greenhouses are fully air-conditioned. During the day, the photosynthetic activity of the plants can quickly deplete the air in the greenhouse of CO2. To prevent yield losses due to CO2 deficiency, the air is regularly exchanged or CO2 is added. Such CO2 fertilization is frequently practiced in cannabis cultivation.

The use of culture substrate with uniform water holding and ion exchange capacities help to standardize cultivation conditions. In addition, accumulation of heavy metals in the drug can be virtually ruled out. Irrigation and fertilization with defined nutrient solutions optimized for the individual development stages ensure standardized plant nutrition in line with requirements.

In a greenhouse (○ Fig. 4.6), environmental factors such as light quantity, illumination duration, water, nutrients, and CO2 content of the air can thus be reproducibly adjusted. In high-tech greenhouses, precise temperature and humidity controls are added. Growing medical cannabis in greenhouses is therefore ideally suited to producing both medical cannabis flowers and starting material for the production of standardized herbal preparations, such as extracts. Cannabis for the production of cannabis extracts for the finished drug Sativex® is also cultivated in greenhouses (Potter 2004).


4.1.6Indoor cultivation

Indoor cultivation of medical cannabis refers to cultivation indoors under artificial lighting and climate-controlled conditions (○ Fig. 4.7). While a mixture of artificial light and sunlight prevails in greenhouse cultivation, pure artificial light is used in climate-controlled plant growth chambers. This allows the spectral composition of the light to be defined and reproduced. This standardization measure is not insignificant, as the synthesis of many secondary metabolites is influenced by light quality (Ouzounis, Rosenqvist et al. 2015). For example, UV radiation stimulates and influences the accumulation of THC in cannabis (Lydon, Teramura et al. 1987).

In plant growth chambers, temperature and humidity can also be controlled reproducibly throughout the year as required with a HVAC system (Heating, ventilation, and air conditioning system). Control of these two parameters is an important measure for minimizing the risk of mold growth. As in the greenhouse, an optimal CO2 supplementation must also be ensured in an indoor production facility through regular air exchange or CO2 supply. Likewise, the irrigation and nutrition of the plants can be standardized with defined nutrient solutions and suitable growing substrate.

In closed production facilities, the plants usually grow in different plant growth chambers under the respective optimal growth conditions for the corresponding stage of development. Thus, even indoors, depending on the cultivar, 3–7 harvests (usually 4–5) per year can be obtained.

Another advantage of closed production facilities is that very high hygiene standards can be maintained through airlocks, gowning procedures and a corresponding quality assurance system. As a result, the risk of contamination and the spread of plant pests and diseases can be significantly reduced, and the use of pesticides can be kept to a minimum or even be omitted.

The ability to measure and control all environmental factors in climate-controlled plant growth chambers means that growing conditions can be controlled independently of the climate of the production region. Uniform plants with uniform phytochemical profiles can thus be cultivated using the same genetic plant material and the same cultivation and processing procedures. Growing cannabis in closed production facilities is ideally suited to produce standardized cannabis flowers that have consistent qualities from batch to batch (Fischedick, Hazekamp et al. 2010).


4.1.7Harvest and post-harvest methods

To produce standardized cannabis flowers, in addition to stable plant genetic material and standardized cultivation procedures, standardized harvesting and post-harvesting methods are also necessary.

Annex 7 of the EU GMP Guidelines regulates which processes are to be carried out under GACP conditions and which fall under GMP conditions. The transitions are sometimes fluid and which process is carried out under which conditions may vary in different production systems and depending on the regulatory interpretation of the responsible supervisory authorities (▸ Chapter 4.2.2.3). In principle, the GACP standards are applicable for initial steps performed in the field or in the cultivation area of a production facility. For further processing steps, the GMP standards apply.


4.1.7.1Harvest

After induction of flowering, cannabis flowers grow and mature in about 7–14 weeks, depending on the cultivar (Clarke and Watson 2007). As the flowering phase progresses, the number of flowers on the plants increases, so that the stems of the shoot apices are barely visible and are covered with densely packed inflorescences. THC concentration skyrockets during this phase of development. This is evidenced by the accumulation of trichomes on the surface of cannabis flowers (Clarke 1981). Determining the correct time to harvest is very important, as THC levels increase during the flowering phase until a plateau is reached, which lasts for about 1–2 weeks and decreases again after the onset of senescence (Chandra, Lata et al. 2013).

An experienced grower can use their experience with a particular cannabis cultivar in their cultivation system to determine the optimal harvest time. As the flowers mature, the odor typical of cannabis becomes more intense, the calyxes swell and the pistils and stigmas turn orange-brown in most cultivars (Clarke 1981). Simple visual or optical phenotyping techniques can also be used for fine-tuning. Magnifying glasses or a microscope can be used to examine the shape and color of trichomes to identify the peak of THC accumulation. Harvest-ripe cannabis flowers are littered with mainly clear and milky trichomes (○ Fig. 4.8), which have a typical roundish shape. The number of amber trichomes is still low at this stage. If the optimum harvesting time is exceeded, trichomes may burst. In addition, more trichomes turn amber. The latter is a sign of the beginning of oxidation and THC degradation (Rosenthal 2010; Cervantes 2015). Optical sensors (multispectral cameras) are currently being developed to use artificial intelligence to determine and predict the cannabinoid content of growing plants in real time. This non-destructive method could automate and refine the determination of the optimal harvest time in the future.
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Fig. 4.7 Cannabis harvest in an indoor facility of Aurora Cannabis Inc. in Canada
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Fig. 4.8 Trichomes on a mature cannabis plant



The harvesting methods differ depending on how the plant parts are further processed. The entire shoot, individual shoots (○ Fig. 4.7) or individual inflorescences can be removed from the plant. Other primary processing steps that can take place in the GACP area or in the field include removing leaves from the shoot and separating inflorescences from stems using shears and/or special equipment (e.g. a bucker).


4.1.7.2Trimming

After harvesting or drying, the inflorescences must be freed from stems and herbaceous parts. This involves dividing the shoot tips into inflorescences of appropriate size and removing or shortening the leaves. The removal and shortening of leaves is commonly referred to as trimming in cannabis production (Cervantes 2006; Rosenthal 2010). Trimming can be done immediately after harvest when fresh, or after drying. Trimming can be exclusively manual with scissors or can be accomplished with the help of equipment called trimmers.

In the trimmer, inflorescences are moved in a drum and protruding leaves are cut off by knives (○ Fig. 4.9). After exiting the trimmer, cannabis flowers fall onto a conveyor belt for production workers to inspect. If necessary, non-detached leaves can be removed with scissors or plucked by hand.
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Fig. 4.9 Trimming process on a Mobius M108S trimmer



Trimming affects the quality of the drug, as leaves and stems have a lower cannabinoid content than calyces. Standardization of this process is therefore essential for obtaining cannabis flowers with consistent cannabinoid content.


4.1.7.3Drying

To avoid microbial growth on the drug and the degradation of quality-determining ingredients, the flowers must be dried in the presence of sufficient air circulation and at a suitable temperature and humidity. The DAB monograph for cannabis flowers prescribes a water content of no more than 10% (▸ Chapter 4.2.3.2.2).

In medical cannabis production, drying is usually carried out in climate-controlled rooms where the desired temperature and humidity can be set. For drying, the plant parts are either suspended or placed on air-permeable surfaces (perforated trays, sieves or similar).

Drying cannabis by hanging branches or entire shoots harvested in one piece is preferred if trimmed after drying. Larger leaves are removed before or at harvest to facilitate the drying process.

In contrast, if the inflorescences are trimmed when fresh (i.e. before drying), they are dried lying down. ○ Fig. 4.10 shows the drying of cannabis flowers on perforated trays that are pushed into a rack system.

The challenge in drying is to control the parameters so that the product dries as quickly as possible to a certain degree in order to inhibit microbial growth. Subsequently, drying should be continued gently so that there is no loss of active substances.
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Fig. 4.10 Drying cannabis on trays and racks




4.1.7.4Microbial count reduction

 Like humans, plants also possess a microbiome. These microorganisms can colonize above (epiphytes) or below (endophytes) the epidermis. The leaf surface of a plant can be colonized with up to 107 microbes per cm2. Cannabis is also colonized by a species-rich microflora (McPartland and McKernan 2017; Kusari, Kusari et al. 2017; Punja 2020). In general, phytopathogenic microbes cannot infect humans. However, toxin-producing fungi and bacteria that could proliferate on cannabis flowers after harvest pose a higher risk to patients. Saprophytic fungi are the primary cause of contamination during storage when appropriate conditions exist (McPartland and McKernan 2017).

In order to produce microbiologically clean cannabis flowers, it is important to take preventive measures right from the stage of cultivation and subsequently during processing. Cultivation and harvesting of plants should take place in compliance with GACP guidelines in order to minimize the microbial load already accrued during cultivation. Environmental conditions that promote microbial growth, such as humidity and temperature, should be controlled accordingly, as far as the respective production system allows. After harvesting, GMP guidelines must be followed. Compliance with personnel and industrial hygiene regulations helps to keep the microbial load as low as possible during production.

In addition to these measures, there is currently only the option of treatment with ionizing gamma or beta irradiation for reducing the number of microbes in cannabis flowers. The high-energy rays destroy the DNA of microorganisms and thus render them harmless. Other processes such as pasteurization, autoclaving, dry heat, pressure or chemicals could affect product quality, ingredient composition and/or texture (Ruchlemer, Amit-Kohn et al. 2015; Hazekamp 2016; Jerushalmi, Maymon et al. 2020).

Gamma radiation are usually produced by the decay of the radioactive isotope Cobalt-60 (60Co) and are widely used to sterilize, among other things, food, medical devices and pharmaceuticals, including cannabis. At this point, it should be mentioned that gamma rays are produced by a radioactive source, but the product to be sterilized does not become radioactive as a result of the irradiation. Reducing the bacterial count of cannabis by gamma irradiation is effective and no change in THC and CBD levels was observed as a result of the treatment (Hazekamp 2016; Jerushalmi, Maymon et al. 2020). In the study by Hazekamp (2016), some terpenes were slightly reduced (mainly volatile monoterpenes) but the characteristic terpene profile of the cultivars studied remained clear.

Beta radiation or accelerated electrons (e-beams) are produced by electron accelerators. Electron beam treatment is also effective in reducing the microbial count of cannabis and is used in Canada for this purpose (Punja 2020; Jerushalmi, Maymon et al. 2020).

In Germany, both e-beam and gamma-radiation treated EU GMP-compliant cannabis flowers are on the market (Lau 2019, 2020). Accordingly, these are validated manufacturing steps that do not affect quality. The treatment of medicinal products, including cannabis flowers, to reduce the bacterial count with ionizing radiation requires an authorization according to Section 7 AMG and Section 1 AMRadV by the BfArM (▸ Chapter 4.2.3.2).

A third method to reduce the microbial count of cannabis flowers in the future could be cold plasma treatment. Jerushalmi, Maymon et al. (2020) were able to show that this method can be effective in reducing microbes in cannabis flowers. Whether other quality-relevant parameters of cannabis flowers are affected by cold plasma treatment has not yet been sufficiently investigated.

More detailed information on the microbiological quality criteria for cannabis flowers as they result from the pharmacopoeia (e.g. depending on the intended type of application), can be found in ▸ Chapter 4.2.3.2.


4.1.7.5Storage

Storage can also influence drug quality. If stored improperly, cannabinoids can be degraded and undesirable degradation products can accumulate. It is known that THC can be degraded to cannabinol (CBN) and other products (Flemming, Muntendam et al. 2007; Hazekamp, Fischedick et al. 2010). The DAB monograph limits the content of CBN to 1.0%. Temperature is thought to be less responsible for THC degradation than light and oxygen (Fairbairn, Liebmann et al. 1976). The DAB monograph prescribes that cannabis flowers should be stored in a tightly sealed package, protected from light and below 25 °C. A tight seal prevents the entry of oxygen and concomitant oxidation of cannabinoids. It also ensures protection from humidity and its microbiological consequences.

Various cannabis flower varieties on the market have a shelf life of at least 12 months.


4.1.8Comparison of cultivation systems

All three cultivation systems can be used to obtain high-quality drug material. Which cultivation system is most suitable depends on a variety of factors. The legal and regulatory requirements in the country of cultivation play a decisive role. For example, the BfArM currently requires that medical cannabis be cultivated in closed and highly secured production facilities in the Federal Republic of Germany, thus ruling out local production in greenhouses or outdoors.

The administration route of the medicinal drug or the dosage form to be produced from the drug is key. For example, if cannabis flowers are used for inhalation with a vaporizer directly after grinding, the cannabinoid contents should vary as little as possible from batch to batch.

In order to produce cannabis flowers that contain cannabinoids within a narrow content range, indoor cultivation has proven to be the gold standard to date. In this cultivation system, all environmental factors can be precisely regulated and drug material can be produced with the highest level of standardization (□ Tab. 4.3).









	Tab. 4.3 Environmental factors and their controllability in different cultivation systems



	Environmental factor

	Outdoor

	Greenhouse

	Indoor






	Photoperiod

	Depends on latitude and season

	Regulated with additional lighting and blackout system

	Simple regulation with artificial lighting




	Light quantity

	Varies over the course of a day and year

	Regulated with supplemental lighting and shades




	Light quality

	Mixture of additional lighting and variable sunlight




	Water

	Depends on precipitation and soil conditions; can be influenced by irrigation and drainage

	Regulated via substrate; irrigation system




	Nutrient availability

	Depends on soil conditions; can be influenced by tillage, crop rotation and fertilization.

	Regulated via substrate and fertilizer/nutrient solution




	CO2 content of the air

	Natural content of air 
(approx. 400 ppm)

	Regular air exchange or CO2 supply, otherwise CO2 deficiency




	Temperature and humidity

	Depends on climate at the site; microclimate can be influenced by planting density and cultivar selection

	Usually only rough regulation; in high-tech greenhouses, precise regulation

	Precise regulation by means of HVAC system








Today, standardized cannabis flowers from greenhouse cultivation are also available on the European market, including the German market. In a greenhouse, most environmental factors can be regulated. Greenhouse-grown flowers, like indoor-grown flowers, have a specified content range for THC and CBD and are of very high quality. These products are also suitable for inhalant use.

For the production of herbal preparations such as extracts, which can be standardized by mixing different drug or extract batches or by using inert excipients (▸ Chapter 4.2.4.1), drugs from the field or greenhouse are entirely adequate. For the isolation of pure substances, it is also not essential to have a very narrowly specified content range for the cannabinoids in the raw material.









	Tab. 4.4 Suitability of different cultivation systems for the production of cannabis-based products



	

	Outdoor

	Greenhouse

	Indoor






	Producer influence on environmental factors

	Medium

	Very high

	Highest




	Production costs

	Low: low investment and energy costs

	Medium: high investment and medium energy costs

	High: high investment and energy costs




	Production system optimum for

	Isolation of pure substances and production of preparations

	Production of standardized medical cannabis flowers and preparations

	Production of standardized medical cannabis flowers








Other important factors are the production costs and the climate at the production site. In regions with lots of sunlight, a good climate and fertile soils that are not contaminated with heavy metals, the use of natural resources in the field is more economical and ecological. The use of sunlight, including in greenhouses, significantly reduces production costs. In contrast, indoor production exclusively using artificial lighting is very energy-intensive, as lamps rated at several hundred watts per square meter are used and the heat they generate must be dissipated again.
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Fig. 4.11 Breakdown of production costs in a Japanese indoor plant factory with a daily production capacity of 7000 heads of lettuce [each 80 g fresh weight; data from: Kozai and Niu (2016)]



○ Fig. 4.11 shows how the production costs for lettuce heads in a Japanese indoor plant factory are distributed among the individual cost blocks. 28% of production costs are incurred for energy (Kozai and Niu 2016). The energy cost share for indoor cannabis cultivation is in a similar range. Although production in closed facilities is cost-intensive, high yields of high and standardized quality can be achieved regardless of the climate.

The investment costs of the systems in question also differ significantly. For example, the investment costs for production in greenhouses and closed production facilities are considerably higher than outdoors.

Which cultivation system is suitable for the production of which cannabis-based medicinal products and which factors influence the suitability of the listed systems are summarized in □ Tab. 4.4. For example, field cultivation is ideal for production of isolated pure substances. It would make little sense to use drugs from high-cost cultivation in controlled environments for isolation. Greenhouse and indoor facilities, on the other hand, can produce standardized cannabis flowers with acceptable variations in their spectrum of constituents.
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4.2Quality standards

Prof. Dr. Markus Veit


4.2.1Differentiation of substances, preparations and medicinal products

Cannabis preparations and cannabinoids as active ingredients or as medicinal products have been available to patients for several years. For example, Sativex®, a prescription-only finished medicinal product based on standardized cannabis extracts, has been available in Germany since 2011 (▸ Chapter 16.1.5.1). Pharmacies have been preparing magistral preparations with the active ingredients dronabinol or cannabidiol on a patient-specific basis for some time (▸ Chapter 15.6.3). Strictly speaking, formulations with synthetic pure substances, such as dronabinol and corresponding finished medicinal products (Canemes®), do not belong to the category of “cannabis-based medicinal products”, since they are not necessarily obtained from cannabis. This also applies to Epidiolex®, which contains highly purified cannabidiol (CBD) that is derived from cannabis but is so highly purified that it is categorized as a pure chemical substance. This group also includes semi-synthetic dronabinol as active ingredient in magistral preparations.

In Germany, legislation known as the Cannabis Act came into force on March 10, 2017 and has triggered a wave of activities in Germany. With the changes in the regulatory environment in Germany, cannabis flowers and preparations can now be prescribed for named patients. The spectrum of available medicinal products is thus as follows:


	
Dried and purified herbal drug: cannabis flowers;

	
Oil-based cannabis oleoresin solution;

	
Cannabis extracts;

	
Three approved finished medicinal products (Canemes®, Sativex®, Epidiolex®);

	
Various dronabinol preparations.



 Medicinal administration of cannabis flowers is either inhalational by vaporization or in the form of tea (decoction). The following NRF formulations are available for this purpose:


	
NRF 22.12. Cannabis flowers for inhalation following vaporization;

	
NRF 22.13. Cannabis flowers in single doses for inhalation following vaporization;

	
NRF 22.14. Cannabis flowers for tea preparation;

	
NRF 22.15. Cannabis flowers in single doses for tea preparation.



In addition to the NRF formulations for cannabis flowers, the following formulations are also available:


	
NRF 22.7. Dronabinol capsules 2.5 mg/5 mg/10 mg;

	
NRF 22.8. Dronabinol oil-based drops 25 mg/ml;

	
NRF 22.10. Oil-based cannabidiol solution 50 mg/ml, 100 mg/ml;

	
NRF 22.11. Oil-based cannabis oleoresin solution 25 mg/ml dronabinol;

	
NRF 22.16. Ethanolic dronabinol solution 10 mg/ml for inhalation.



In addition, the following standardized cannabinoid formulations are currently monographed in the Ziegler Recipe Library (ZRB):


	
Standardised, oily cannabis extract with THC 25 mg/ml (ZRB O13–12);

	
Standardised oily cannabis extract containing THC 50 mg/ml (ZRB O13–13);

	
Standardised oily cannabis extract containing THC X mg/ml (ZRB O13–15);

	
Standardised, oily cannabis extract with CBD 25 mg/ml (ZRB O16–13);

	
Purified standardised cannabis extract THC 8.7 mg/10 µl for oral use (ZRB O13–14);

	
Purified, standardised cannabis extract THC 8.7 mg/10 µl for inhalation (ZRB I01–02);

	
Standardised oily cannabis extract containing THC 25 mg/ml and CBD 25 mg/ml (ZRB O13-K05);

	
Standardised, oily cannabis extract containing THC 50 mg/ml and CBD 10 mg/ml (ZRB O13-K06);

	
Standardised oily cannabis extract containing THC 100 mg/ml and CBD 20 mg/ml (ZRB O13-K07);

	
Standardised, oily cannabis extract containing THC 150 mg/ml and CBD 30 mg/ml (ZRB O13-K08).



The finished medicinal product Kachexol® with dronabinol in capsule form, an analog of Marinol®, which is approved in Canada and the US, has not yet been approved in Germany.

Cannabis and cannabis preparations are herbal preparations or herbal medicinal products (▸ Chapter 4.2.1). The definitions of Directive 2001/83/EC of the European Union, which codifies the principles for the manufacture, authorization, marketing and supervision of medicinal products for human use, and those of the European Pharmacopoeia (Ph. Eur.) in Germany are therefore of regulatory relevance.




Definition


Herbal substances [Directive 2001/83/EC (EU Medicinal Products Directive)]: All mainly whole, fragmented or cut plants, plant parts, algae, fungi, lichen in an unprocessed, usually dried, form, but sometimes fresh. Certain exudates that have not been subjected to a specific treatment are also considered to be herbal substances. Herbal substances are precisely defined by the plant part used and the botanical name according to the binomial system (genus, species, variety and author).

Herbal drug (Ph. Eur.): Herbal drugs are mainly whole, fragmented or broken plants or parts of plants in an unprocessed state, usually in dried form but sometimes fresh. In this general monograph, the word ‘plant’ is used in the broader sense to also include algae, fungi and lichens. Certain exudates that have not been subjected to a specific treatment are also considered to be herbal drugs. Herbal drugs are precisely defined by the botanical scientific name according to the binominal system (genus, species, variety and author).







It can be deduced that cannabis flowers meet the definition of “herbal substances” and “herbal drugs”.




Definition


Herbal preparations [Directive 2001/83/EC (EU Medicinal Products Directive)]: Preparations obtained by subjecting herbal substances to treatments such as extraction, distillation, expression, fractionation, purification, concentration or fermentation. These include comminuted or powdered herbal substances, tinctures, extracts, essential oils, expressed juices and processed exudates.

Herbal drug extracts (Ph. Eur.): Herbal drug extracts are liquid (liquid extraction preparations), semi-solid (soft extracts and oleoresins) or solid (dry extracts) preparations obtained from Herbal drugs using suitable solvents.







It follows that purified cannabis flowers (DAB) and cannabis extracts (also DAB) meet the definition of “herbal preparations” and cannabis extracts meet the definition of “herbal drug extracts”. In addition, other definitions are relevant:




Definition

Cannabis flowers and cannabis extracts also fulfill the definition of a substance according to Section 3 No. 2 AMG (“… plant parts in a processed or unprocessed state”). Due to their medicinal purpose (dispensing to pharmacies or manufacturers pursuant to Section 13 AMG), they fulfill the definition of an active substance within the meaning of Section 4 (19) AMG (“substances which are intended for use as medically active constituents in the manu-
facture of medicinal products”) and thus also the definition of a starting material within the meaning of Section 1a (6) ApBetrO (“Starting material is any material used in the manufacture of a medicinal product …”).






In principle, purified cannabis flowers (DAB) and cannabis extracts (DAB) can also be medicinal products or pharmaceutical preparations within the meaning of the European Pharmacopoeia. This results from further definitions:




Definition


Herbal medicinal products [Directive 2001/83/EC (EU Medicinal Products Directive)]: Any medicinal product, exclusively containing as active ingredients one or more herbal substances or one or more herbal preparations, or one or more such herbal substances in combination with one or more such herbal preparations.

 Pharmaceutical preparations (Ph. Eur.): Pharmaceutical preparations are medicinal products generally consisting of active substances that may be combined with excipients, formulated into a dosage form suitable for the intended use, where necessary after reconstitution, presented in a suitable and appropriately labelled container.







Pharmaceutical preparations may be licensed by the competent authority, or unlicensed and made to meet the specific needs of patients according to legislation. In Germany, there are 2 categories of unlicensed pharmaceutical preparations:


	
magistral preparations, i.e. pharmaceutical preparations individually prepared for a specific patient or patient group, supplied after preparation;

	
stock preparations (officinal medicinal products), i.e. pharmaceutical preparations prepared in advance and stored until a request for a supply is received.



It follows that cannabis flowers and other pharmaceutical preparations with isolated cannabinoids or cannabis preparations as active ingredients dispensed in pharmacies are also medicinal products. In Germany they can be dispensed to named patients based on prescription as magistral preparations or as officinal medical products (▸ Chapter 15).

In the value chain, the harvested inflorescences are to be defined as herbal drugs (starting materials) in the sense of the above definitions, and the extracts produced from them as herbal preparations, i.e. the active ingredient, which is then turned e.g. in Germany into a magistral preparation or officinal medical product by essential manufacturing steps in the pharmacy or into a finished drug by industrial production (○ Fig. 4.12). Essential manufacturing steps include, for example incoming testing, weighing and/or measuring, filling and labeling in the case of the manufacture of liquids; or more extensive manufacturing steps, each of which is relevant for specific dosage forms. The situation is less clear for cannabis flowers dispensed in trimmed (purified) form as prescription or officinal formulations in pharmacies, as in the case of medicinal cannabis there is so far no generally harmonized concept in the EU for the demarcation between plant-based drug, herbal preparation and medicinal product.
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Fig. 4.12 Value chain for herbal medicinal products according to the regulatory requirements in the EU with the applicable quality assurance concepts (left) and application of this concept to the production of medicinal teas as a finished product or magistral preparation/officinal medical product (right)



If no more essential manufacturing steps take place in the pharmacy, cannabis flowers could be classified not only as a medicinal product, but even as a finished medicinal product then subject to authorization. The dispensing of cannabis flowers by the pharmacy would then be regarded as unauthorized marketing. Civil courts, but also the Federal Administrative Court in Germany, have developed strict criteria in this regard. It remains to be seen how the courts will evaluate the current practice of dispensing cannabis flowers in the future. This applies in particular if manufacturers put containers on the market that are already suitable for dispensing to the patient or are even labeled accordingly, since in these cases it would have to be assumed that a finished medicinal product is subject to authorization. Further indications that may speak in favor of a finished medicinal productare, among others, the company's own presentation of the packages or the child-resistant closure of the package units purchased from the pharmacy (see German court cases, e.g.: OLG Düsseldorf Az. I-15 U 21/18; Regierungspräsidium Darmstadt 2017).

Products that are to be classified as finished medicinal products according to the above criteria and that are therefore not legal due to the lack of a marketing authorization may in Germany be imported and delivered to a pharmacy upon application in accordance with Section 73 (3) of the AMG (i.e. upon presentation of a patient-specific prescription) even if there are are not authorized for marketing in Germany or another EU member state.


4.2.2Quality assurance


4.2.2.1Good Agricultural and Collection Practices (GACP)

In the production of herbal medicinal products, the wild collection or cultivation of herbal starting material represents the first step in production of the medicinal product.

In order to ensure the most consistent quality possible in the collection of starting materials, we can refer to the GACP guidelines: “Guideline on Good Agricultural and Collection Practices for Starting Materials of Herbal Origin” (EMEA/HMPC/246816/2005) of the EMA. They have been in force since 2006 and are currently under revision. They must be followed in Europe for the collection and cultivation of starting materials of herbal origin. The GACP requirements are binding, as they are explicitly referred to in Annex 7 of the EU GMP Guidelines, which in turn is referenced in the German Medicinal Products and Active Ingredients Manufacturing Ordinance (AMWHV). This guideline takes into account the special features of herbal starting materials and covers the entire process chain of the production of herbal active ingredients.

Annex 7 and the GACP guidelines define rules for wild collection and cultivation of medicinal plants. This includes requirements for:


	
basic quality management;

	
personnel and their qualifications, and hygiene measures to be followed;

	
buildings and premises used for drying, initial processing steps, and storage;

	
equipment/devices to be used;

	
documentation;

	
collection of seeds, cuttings, and other plant material used for propagation;

	
 cultivation (for medicinal plant cultivation) or collection (for wild collection);

	
drying and initial processing of the plant material;

	
packaging, (intermediate) storage and transportation.



Within the framework of an audit, it is the responsibility of the manufacturer or distributor to check whether the measures and quality assurance concepts used for obtaining the plants are appropriate. Quality assurance according to GACP is followed by manufacture of the active ingredient or medicinal product, which must be carried out under quality assurance measures according to Good Manufacturing Practice (GMP).


4.2.2.2Good Manufacturing Practices (GMP)

The first part of the EU GMP Guidelines (EU-GMP) contains the essential requirements for medicinal products. The second part serves as a guide to good manufacturing practice for the production of active pharmaceutical ingredients. These are internationally harmonized requirements that were originally published as ICH Guideline Q7A and then implemented in the European legal framework as Part II of the EU GMP Guidelines. Table 1 of the EU GMP Guidelines Part II provides an overview of the application of the Guide to the manufacture of active pharmaceutical ingredients and highlights which steps of a manufacturing process (including plant-based active pharmaceutical ingredients) are to be assigned to GMP and which to GACP (○ Fig. 4.13). According to Annex 7 of the EU GMP Guidelines, this responsibility lies with the manufacturer of the medicinal product. Only active ingredients produced in accordance with GMP regulations may be used both for manufacture in a industrial facility or in the pharmacy. In Europe, GMP monitoring of manufacturers of active pharmaceutical ingredients (GMP Part II) and of finished medicinal products (GMP Part I) is the responsibility of the national authorities. Active pharmaceutical ingredients are subject to GMP certificate obligation. When importing active ingredients from countries outside the EU, a “written confirmation” is required confirming the following:


	
The standards of good manufacturing practice (GMP) applicable to this manufacturing plant are at least equivalent to those laid down in the EU (= GMP of WHO/ICH Q7);

	
The manufacturing plant is subject to regular, strict and transparent controls and to the effective enforcement of good manufacturing practice, including repeated and unannounced inspections, so as to ensure a protection of public health at least equivalent to that in the EU;

	
And In the event of findings relating to non-compliance, information on such findings is supplied by the exporting third country without delay to the EU.



[image: kap004_abb013_a]


Fig. 4.13 Distinction between GACP and GMP in the EU GMP Guidelines Part II



This certificate must be issued for each active substance (e.g. for each singular active ingredient) of a manufacturing site. A copy of the relevant certificate is a mandatory part of the delivery documents for import. These requirements apply only to those countries that are not included in the list published by the European Commission according to Art. 111b of Directive 2001/83/EC (“White List”). Currently listed are the US, Canada, Japan, Brazil, Australia, Israel, Switzerland, New Zealand and South Korea. Even among these importing countries, not all issue such GMP certificates for cannabis; e.g. Canada and Israel do not (to date) issue such certificates – neither for extracts or other preparations, nor for flowers as active ingredients, because their production is not subject to GMP supervision in these countries. If the competent authority of the country of origin does not issue a “written confirmation” or if no certificate of an EU member state is available, the issuance of a corresponding GMP certificate for the active ingredients to be imported by the competent EU authority is necessary. This requires an on-site GMP inspection of the active ingredient production by an EU drug regulatory authority. Even the external testing laboratories, which may be responsible for quality control in for example Canada, must be inspected – even if they have a GMP certificate from Health Canada – since the analysis of herbal active ingredients is not the subject of the agreement between the EU and Canada on the mutual recognition of GMP certificates.


4.2.2.3Delimitation of the quality assurance systems GACP, GMP Part I and GMP Part II

For herbal medicinal products, concepts have been developed as to when production should be carried out under GMP (as distinct from GACP) and which processing steps should be carried out under GMP Part II or GMP Part I, respectively. Such a concept exists, for example, for the production of medicinal teas. It has been successfully practiced in the EU for many years and is recognized by the authorities. The extraction of the herbal starting material as well as the initial drying and comminution are carried out under GACP. The production of the actual herbal preparation, the fine cutting and the homogenization are carried out according to GMP Part II (EU-GMP Part II), their packaging and labeling according to GMP Part I (EU-GMP Part I). Such a concept can be easily transferred to purified cannabis flowers (○ Fig. 4.12).

If cannabis flowers are used as herbal starting materials for the production of preparations, i.e. extracts, for example, the equally well-established concept for the production of herbal medicinal products with herbal preparations as active ingredients applies. The cultivation and initial processing steps of the herbal starting material are carried out under GACP. The production of the active ingredients (preparations, for example extracts) takes place under EU GMP Part II. The third stage of the value chain, the manufacture of a medicinal product, is then carried out under GMP Part I or, in the case of cannabis formulations and magistral preparations, in accordance with the local requirements (in Germany the Pharmacy Operations Ordinance (ApBetrO); ○ Fig. 4.14). In Germany, GMP monitoring of drug production in manufacturing facilities outside the pharmacy is the responsibility of the authorities of the regional goverments, which also issue the corresponding GMP certificates in which the production of herbal medicinal products must be explicitly stated. This also applies to corresponding certificates from EU authorities.
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Fig. 4.14 Value chain for the use of herbal active ingredients using the example of extracts as starting materials for the production of prescription drugs and magistral preparations prepared in the pharmacy with the quality assurance concepts to be applied.



In the case of cannabis flowers as an active ingredient for the production of flower-based prescription drugs or magistral preparations prepared in the pharmacy, the situation is complex and the requirements of the authorities are neither harmonized within Germany nor among the EU member states. Only individual authorities categorize cannabis flowers as active or starting substances in analogy to the concepts established for medicinal teas. This classification requires that the cannabis flowers are intended to be used as medicinally active ingredients in the manufacture of medicinal products or that they become medicinally active ingredients of medicinal products when used in the manufacture of medicinal products. This would be the case if the cannabis flowers are used by pharmacies as a starting material for prescriptions and essential manufacturing steps take place in the pharmacy. If the cannabis flowers are dispensed in unchanged form or only packaged or devided, classification as an active ingredient is rather remote. In the value chain, the harvested inflorescences would then be defined as herbal drugs in the sense of the definitions of the European Pharmacopoeia, and the cleaned or purified (“trimmed”) flowers as the herbal preparation, i.e. the active ingredient, which is then turned into a prescription drug or magistral preparation through essential manufacturing steps in the pharmacy. The manufacturing steps involved would then be, for example, testing, subdividung of bulk, grinding, particle sizing, batch documentation, weighing, measuring, filling, packaging, labeling, and release. A clear comparison can be made in this case with the production of medicinal teas as prescription and magistral preparations. Currently, in Germany, only the government of Upper Bavaria takes the position that this categorization is applicable to medical cannabis flowers. In light of the concepts established for medicinal teas, this position is very understandable (○ Fig. 4.15). However, most authorities in Germany and also individual EU member states regard cannabis flowers and, in some cases, preparations such as extracts, as intermediate medicinal products (bulk) for the preparation of prescription drugs and magistral preparations prepared in the pharmacy. In this regard, a leaflet issued by the Darmstadt Regional Council (2017) explains:

Medical cannabis flower is not an active ingredient, nor is it a finished medicinal product, but a medicinal product. It is most comparable to opium tincture. Section 4 Para. 19 AMG assumes in the definition of an active ingredient that the active ingredient still undergoes a change in some way, e.g. an extraction takes place or is added to a tea mixture. Medical cannabis flowers are marketed in a pre-manufactured bulk package, but this package is not intended to be dispensed to consumers, otherwise a marketing authorization would be required. If pharmacists were to dispense the supplied package in an unaltered form, this would be illegal.




Also in this concept, the cultivation and the first processing steps of the plant source material are assessed as subject to GACP. The production of the active ingredient then begins for cannabis flowers with drying. This means the processing steps to clean the flowers, including cleaning the flowers (known as “trimming”), are considered active ingredient production. The following packaging and labeling are the first steps in the production of the (bulk) medicinal product (○ Fig. 4.15). In the case of preparations, the view of the demarcation between the manufacture of the active ingredient and the manufacture of the (bulk) drug is not uniform. In any case, the manufacturing steps in the pharmacy (e.g. testing, subdividung of bulk, grinding, particle sizing, batch documentation, weighing, measuring, filling, packaging, labeling, and release) result in a formulation or medicinal product. However, this view contradicts the categories established in the EU for the manufacture of herbal medicinal products and therefore seems strange. The value chain is not defined in this way for any other herbal medicinal product. For cannabis flowers, the different concepts are shown comparatively in ○ Fig. 4.14 and ○ Fig. 4.15. Concept C in ○ Fig. 4.15, which is currently considered relevant by most German inspectorates, may still work for simple preparations (e.g. liquids), which are then already defined as medicinal products when they reach the pharmacies. However, if dosage forms are formulated from these in pharmacies in the future using also excipients as other starting materials, it will be interesting to see how the authorities assess the situation. It will certainly not take much longer, and is therapeutically desirable, for such more stable and more accurately dosed dosage forms to be offered – i.e. tablets, capsules or topical dosage forms, for example. In this case, it would be even more absurd to already categorize the preparations, for example extracts, which are processed as active ingredients in the pharmacy as (bulk) medicinal products.
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Fig. 4.15 Value chain for cannabis flowers for dispensing as prescription drugs/officinal formulations. The trimmed flowers are considered as herbal medicinal products (intermediates) by most inspectorates in Germany. Only the Government of Upper Bavaria categorizes them as active ingredients in analogy to the production of medicinal teas. Accordingly, the production must comply with either Part I or Part II of the EU GMP Guidelines.



The consequences of categorization as (bulk) medicinal products for import and internal trade in the EU are far-reaching. In the case of importation from a third country, in Germany a permit in accordance with Section 72 Para. 1 AMG is required for medicinal products (▸ Chapter 5.1). An application must be made to the competent authority for this import permit, as no distinction is made between medicinal products and finished medicinal products. With regard to the medical cannabis flowers to be imported, it must be stated (as part of an application) which cultivars of cannabis flowers are to be imported. Furthermore, a GMP certificate according to Section 72a Para. 1 No. 2 AMG is normally required (see above), used by the competent authority of each Member State to certify that the GMP requirements are met. This requires an inspection at site in the third country concerned. Even in the case of MRA countries (MRA stands for “mutual recognition agreement” and refers to agreements between the EU and third countries on the mutual recognition of GMP certificates or quality standards), such as Canada, a local certificate pursuant to Section 72a Para. 1 No. 1 AMG is generally not an option because cannabis is not subject to local pharmaceutical legislation there and a certificate is therefore not issued by the local authority. GMP standards and respective official surveillance of the manufacture of medicinal cannabis is given in Australia, New Zealand and Switzerland. Therefore, as a prerequisite for an import permit, an application for an inspection must be submitted to the competent regional government in this case, unless a certificate is available from another EU member state. In the non-European countries from which cannabis has been imported to date (e.g. Northern Macedonia, Israel, Canada, South Africa, Colombia, Uruguay) or from which an import is being sought (e.g. Uganda, Zimbabwe, Lesotho), the extraction of cannabis flowers has also been carried out to date with a corresponding local production permit, although not under GMP. The company importing to Germany and distributing to pharmacies must have a wholesale authorization (also for imports from EU countries), as the cannabis flowers are medicinal products using this categorization. This must be applied for with the import permit at the responsible local government. If an import permit is available, it also covers wholesale activities in accordance with Section 52a Para. 6 AMG. The permit to import medicinal products pursuant to Section 72 Para. 1 AMG thus includes a wholesale licence. A separate wholesale authorization is therefore not necessary for these medicinal products.

A full EU batch release is required, which must be carried out by a “Qualified Person” (QP). This release is done for medicinal cannabis flowers and cannabis extracts (as far as they are covered by the monograph) based on the respective pharmacopeial monograph. This testing can also be carried out in an external laboratory with an EU manufacturing authorization (in Germany according to Section 13 AMG). In this case, with reference to a certificate in accordance with Section 6 Para. 3 ApBetrO, only the identity is to be checked by the pharmacy as part of the incoming inspection (▸ Chapter 15.3). Formally, the release requires the verification of all GMP obligations in the entire value chain; this may also include audits. Compliance with the GACP requirements must be guaranteed by the distributor. This is an interesting aspect, since in the case of cannabis and cannabis preparations, this is the pharmacy.

In its detail, it is quite a complex project to integrate manufacturing steps such as harvesting, drying and trimming into a GMP-compliant quality assurance concept. This is made more difficult by the fact that cultivation and also further processing are currently carried out in the countries of origin, such as Canada or Israel, under cannabis-specific quality assurance concepts and not under GMP. Thereby, some requirements of the EU GMP Guidelines are not mapped, others differ. It will usually be the case that essential requirements of the EU GMP Guidelines must be established locally before an inspection by European authorities can take place.


4.2.2.4Preparation for GMP inspections

While the implementation of GMP as quality assurance system and respective requirements for the production of preparations from cannabis flowers, in particular extracts, follows established standards based on many years of experience with GMP for the production of active herbal ingredients and medicinal products, such generally recognized standards are lacking for the production of medical cannabis flowers. However, the inspections carried out in the meantime by the German and other EU supervisory authorities, in several non-EU countries, in accordance with Section 72a AMG prove that it is certainly possible to align the corresponding standards for the production of medical cannabis flowers. The process to be followed in preparation for an inspection starts with a formal supplier qualification by the wholesaler who intends to import into EU territory which is complemented by an initial on-site audit to identify existing gaps. The resulting action plan must then be worked through successively. This process is often accompanied by on-site audits to check the progress of the work. In the end, the wholesaler's Qualified Person must give a positive vote before an inspection can be requested from the responsible regional authority in Germany or another EU member state Challenges arise in the implementation of the GMP requirements, particularly in the following areas:

Batch definition and batch homogeneity: In the GMP environment, the definition of a batch affects the resulting activities in many ways. This concerns the control strategy, in-process controls, release testing, traceability and cleaning and process validations. First, it must be decided what is defined as a batch. Usually, this will be based on propagation and cultivation cycles, origin and age of clones or cultivars and defined cultivation areas or rooms. In any case, it is necessary to define a set of plants obtained in the same form. Since the inflorescences are not cut and further crushed or milled in the manufacture of flowers as medicinal products, complete homogenization is not possible and one must therefore expect a certain variability in cannabinoid contents. These are in the range of ± 10 to 20% for the cannabinoids THC and CBD to be declared. However, this can be achieved only if the plants are planted, cultivated and harvested under strictly controlled conditions and stable clones are used as cultivars, and so far usually only when cultivation takes place indoors (▸ Chapter 4.1) or in strictly controlled greenhouses. The variability of cannabinoid contents has a number of consequences that must be considered in quality control and stability testing. The focus here is on an appropriate sampling plan and the examination of representative samples in stability testing, as the average content of packaged stored stability samples may well differ by 10 to 20% from pack to pack.

Cannabis flowers used for the production of extracts represent plant starting material. Their production under GMP (Part II) begins with initial comminution prior to extraction. For such flowers, the batch definition is less important.

Risk management system: Manufacturing under GMP requires the establishment of a pharmaceutical risk management system with a risk-based approach for all GMP activities. This requirement is often difficult to communicate in third countries and is not infrequently part of deficits identified during audits and inspections.

Areas and zoning concepts: The individual manufacturing zones must be clearly separated from each other. This applies in particular to the demarcation between the GACP and GMP areas in the production of purified cannabis flowers. The GMP area requires appropriate clean room concepts. This has led to an area of tension in the production of cannabis flowers in that harvested and dried cannabis flowers always have an inherent microbial contamination, which at the same time represents an important quality characteristic.

Supply systems: All utility systems (heating, ventilation, air conditioning, water, light, waste) must be adequately designed, qualified and maintained.

Hygiene concepts: Due to the inherent bioburden of cannabis flowers, appropriate hygiene concepts must be established. Part of such hygiene concepts must also be the rooms as well as equipment and facilities, their cleaning as well as their storage before and after cleaning.

Control strategy: The control strategy comprises all measures that ensure quality and batch conformity required under GMP. Sufficient controls must be defined for this purpose. Among other measures, these include in-process and material controls, controls of environmental conditions, the control of cleaning as well as the control and steering of processes.

Process validation: The GMP manufacturing process is subject to validation according to the requirements of the EU GMP Guidelines.


	
This includes in the case of flowers that are active ingredients or intermediate medicinal products:
	
Drying and Trimming;

	
Transport;

	
Storage; and

	
Packaging.





	
For preparations:
	
Comminution and cutting of the cannabis flowers;

	
Primary extraction;

	
Decarboxylation;

	
Purification and concentration steps, if applicable;

	
Holding times;

	
Transport;

	
Storage; and

	
Packaging.







Cleaning validation: The cleaning of surfaces in contact with the product and, where applicable, rooms must be validated. In the case of cannabis flower production, this includes the drying facilities and rooms, machines used to clean (trim) the inflorescences, vessels for bulk storage and equipment used in packaging; in the case of preparations, it also includes all surfaces of the equipment and facilities used that come into contact with product and, if applicable, pipe systems.

Qualification: All equipment and instruments used in the GMP process must be qualified according to the requirements of Annex 15 of the EU GMP Guide. If processes are controlled by computer (e.g. drying), the GMP requirements for software and computer validation must be observed. For the qualification, life cycle concepts are required that also depict maintenance and servicing.

Analytical test methods (thin-layer chromatography, microscopy): Outside Europe, there is often no experience with microscopic tests or thin-layer chromatographic test methods. The establishment of such test methods in the third country can be associated with considerable effort, so that it may be necessary to forgo the use of these methods in the release testing for shipment. The corresponding tests are then carried out downstream as part of the EU release.

Analytical test methods and analytical method validation: It must be assumed that not only the manufacturing facilities (possibly in the third country) are inspected, but also external control laboratories. This also applies if the external control laboratories are subject to local GMP supervision and if they are third countries with which mutual recognition agreements exist (Australia, Canada, New Zealand, Switzerland, the US), since these agreements do not include herbal active ingredients and/or medicinal products.

Documentation and document management: GMP-compliant documentation must be ensured. All GMP documents must be managed and appropriate processes for document creation, approval, management, distribution and archiving must be established. In this context, many aspects of data integrity are also touched upon.

Supplier qualification: All suppliers must be qualified. This also applies to all outsourced activities. This often includes external testing facilities. All quality control and stability testing must be performed in GMP-supervised testing facilities.

Certificates: Within 90 days after a GMP or GDP inspection (▸ Chapter 4.2.2.5), a certificate is issued to the inspected companies, facilities or persons if the inspection has led to the result that the corresponding principles and guidelines are being complied with. The validity period of the certificate must not exceed 3 years. The certificate is withdrawn if it subsequently becomes known that the prerequisites were not met; it is revoked if the prerequisites are no longer met. The certificates issued by the inspecting EU authorities in case of success are deposited in the public GMDP database of the EMA.


4.2.2.5Good Distribution Practice (GDP)

GDP is a GMP-analogous quality assurance system for the transport and storage of active ingredients medicinal products distribution. It comprises the following aspects:


	
Requirements for quality and risk management systems;

	
Requirements for instruments, rooms and facilities;

	
Requirements for personnel;

	
Requirements for documentation;

	
Duties of the responsible person;

	
Appropriate procedures for handling complaints, returns, and recalls and precautions to prevent counterfeiting;

	
Outsourced activities;

	
Requirement for transport;

	
Specific rules for intermediaries.



The GDP requirements for active ingredients apply to the transport of active ingredients in a manufacturing facility or for the manufacture of medicinal products to the pharmacy. Trade in active ingredients in the EU internal market is subject to notification, i.e. pharmaceutical manufacturers and pharmacies may purchase active ingredients only from appropriately registered active ingredient distributors and must cover the required GDP requirements in their quality assurance system.

In the event that authorities categorize cannabis and preparations made from it as medicinal products, the GDP specifications for medicinal products apply. These are mapped within the framework of the wholesale authorization which is then required.

The manufacturing authorization for finished medicinal products also includes authorization to distribute the medicinal products covered by the authorization. Manufacturers who also distribute their own products must therefore also comply with good distribution practice.


4.2.3Quality requirements for cannabis flowers


4.2.3.1General quality requirements for herbal drugs in Europe

The herbal drug batch in question must be suitable for the intended use. The intended use of medicinal herbal drugs is their further processing into preparations or their use as starting material for the manufacture of extracts and other herbal preparations. The pharmaceutical quality of a herbal drug batch is ensured if it complies with the requirements of the European Pharmacopoeia or the national pharmacopoeias of a member state of the Council of Europe (e.g. DAB, ÖAB and Ph. Helv.) or with other subsequently published official pharmacopoeias and, if applicable, other publications, such as the DAC in Germany. If no corresponding requirements exist in a specific case, the pharmaceutical manufacturer or distributor must draw up their own quality requirements. Relevant requirements for this can be found in the Ph. Eur. monographs “Herbal Drugs” and “Herbal Drugs for Homeopathic Preparations” as well as in the two guidelines CPMP/QWP/2819/00 Rev. 3: “Guideline on quality of herbal medicinal products/traditional herbal medicinal products” and CPMP/QWP/2820/00 Rev. 3 “Test procedures and Acceptance Criteria for Herbal Substances, Herbal Preparations and Herbal Medicinal Products/Traditional Herbal Medicinal Products”.

In the “Herbal drugs” monograph, the critical steps in drug production are mentioned in the section “Production” and appropriate procedures are required. There is also a note that when decontamination processes are used, it is necessary to demonstrate that the constituents of the herbal drug are not affected and that no harmful residues remain. The following quality requirements apply (references to the corresponding chapters of Ph. Eur. are in parentheses):

Foreign matter (2.8.2): A test for foreign matter shall be carried out unless otherwise specified or except in justified and approved cases. The content of foreign matter shall not exceed 2% (m/m) unless otherwise specified or except in justified and approved cases. Appropriate specific testing of a dried herbal drug may be required to exclude possible adulteration. Herbal drugs must not contain moulds, insects and other animal contamination.

Loss on drying (2.2.32): The determination shall be carried out unless otherwise prescribed or justified and authorized.

Water (2.2.13): For dried herbal drugs with a high essential oil content, a determination of the water content may be carried out instead of a determination of the loss on drying. This is relevant for cannabis.

Ash (2.4.16) and ash insoluble in hydrochloric acid (2.8.1): The determination serves in particular to detect mineral impurities. In the case of cannabis flowers, this is of little relevance, as mineral impurities do not play a role. Thus, with appropriate justification these tests might be omitted.

Pesticide residues (2.8.13): Herbal drugs shall comply with the requirements of the test. The requirements take into account the type of plant material if necessary the preparation for which the plant is intended and, if information is available, full documentation on the treatment of the batch during cultivation.

The mandatory scope of testing for pesticides in the EU and Switzerland is derived from the Ph. Eur. Monograph 2.8.13. If cultivation is carried out under strict application of the GACP rules, the scope of testing can be limited to the pesticides that are actually used. However, the risk of extraneous contamination must be evaluated. Limits for pesticides not specified in the Ph. Eur. monograph for pesticide residues must comply with the requirements of Regulation 396/2005/EC with all annexes and updates applicable to the food sector. If a certain pesticide is not listed there either, a corresponding acceptable limit value must be calculated via the acceptable daily intake (ADI).

To obtain a meaningful result, sampling and sample preparation are at least as important as the actual determination. Sampling must be carried out according to the specifications of Ph. Eur. Monograph 2.8.20. In the food sector, standardized procedures for sample preparation have been developed and published for all conceivable situations. In the Ph. Eur. Monograph 2.8.13, reference is made to the validated analytical methods of the EU (“Quality control procedures for pesticides residues analysis”), namely to the document no. SANCO/10232/2006 and subsequent revisions of this document, as represented by the document no. SANTE/113/2/2021 (implemented on January 1, 2022).

Heavy metals (2.4.27): Unless otherwise specified in the individual monograph, or except in justified and authorized cases, the following limits apply:


	
Cadmium: 1.0 ppm or less;

	
Lead: 5.0 ppm or less;

	
Mercury: 0.1 ppm or less.



If necessary, limits may be specified for other heavy metals.

If required, dried herbal drugs must comply with further testing. The following are relevant to cannabis flowers:

Aflatoxins (2.8.18): The Ph. Eur. “Herbal Drugs” monograph notes that specifying a limit may be necessary, especially for aflatoxin B1 and ochratoxin B. As a rule, this will be decided on the basis of a risk assessment and on the basis of experience with individual drugs whether it is necessary to specify such a limit. The type of drying and the residual water content or water activity also play a significant role in the risk assessment. If the water content is below 12% and the drying process guarantees rapid and homogeneous drying of the plant material, a low risk can be assumed. When assessing the risk of contamination, the determination of water activity can also provide valuable data. The generally accepted limit (aw), below which microbial growth is very unlikely, is 0.60.

Due to the particular risk potential of aflatoxins, there are a whole series of national government regulations specifically for aflatoxin contamination, in addition to the pharmacopoeia, with the aim of setting maximum levels that are still permissible for foodstuffs. According to Ph. Eur. Monograph 2.8.18, a limit of 2 mg/kg applies to aflatoxin B1 for herbal medicinal products. In addition, for regulatory purposes the total quantity of aflatoxins B1, B2, G1 and G2 may be set at 4 mg/kg. Herbal drugs that may be contaminated by aflatoxins must be tested by a validated method. The method described in the Ph. Eur. 2.8.18 has been shown to be suitable for devil's claw root, ginger and senna and is given as an example. Its suitability for other herbal drugs, including cannabis flowers, must be demonstrated or another validated method must be used. Sampling should be done according to Monograph 2.8.20 of Ph. Eur.

If the herbal drugs are used for the production of herbal preparations, i.e. extracts, for example, testing is usually not only carried out on the herbal drugs used for extraction. Due to the formation of nests, which cannot be detected with reasonable effort during a sampling procedure, it may be necessary to perform this test on the preparation as well. The same rules apply as for the testing of herbal drugs.

Microbial contamination: In the case of dried herbal drugs that are part of a drug product in whole, cut or powdered form, microbial contamination must be controlled (5.1.8 Microbiological quality of herbal drugs for oral use and of extracts for their preparation or 5.1.4 Microbiological quality of non-sterile pharmaceutical preparations and of substances for pharmaceutical use).

Fumigants: Treatment with ethylene oxide is prohibited in Germany (Ordinance on the Prohibition of the Use of Ethylene Oxide in Medicinal Products of 11. 8. 1988). Such a prohibition is also contained in the Ph. Eur. monograph “Herbal Drugs”. If other fumigants are used, appropriate residue studies must be performed. Overall, the paper “Reflection paper on the use of fumigants” of the HMPC (EMEA/HMPC/125562/2006) should be considered.


4.2.3.2Specific quality requirements for cannabis flowers in Europe

The specific quality requirements in Europe are derived from the monographs of the German Pharmacopoeia (DAB), the Swiss Pharmacopoeia (Ph. Helv.) and the Danish (Danish Medicines Agency 2020) and Dutch (Dutch Office for Medical cannabis 2021) cannabis authorities. In July 2024, a new monograph in the Ph. Eur. will come into force; thus, the monographs in the DAB and Ph. Helv. will be deleted. The dutch monograph describes only testing requirements for cultivars traded in the Netherlands. There is also a rather extensive WHO monograph (WHO Expert Committee on Drug Dependence 2018). A commentary-type publication with numerous details has also been prepared by a United States Pharmacopoeia (USP) panel (Sarma, Waye et al. 2020), and draft monographs for the USP have been published in Pharmacopoeial Forum (Gabriel I. Giancaspro, Nam-Cheol Kim et al. 2016). 




Definition (DAB)

Cannabis flowers consist of the whole or crushed, flowering, dried shoot tips of the female plants of Cannabis sativa (Cannabaceae). The drug contains at least 90.0 and not more than 110.0% of the amounts of cannabinoids, such as Δ9-tetrahydrocannabinol and cannabidiol, and cannabinoid carboxylic acids, such as Δ9-tetrahydrocannabinolic acid and cannabidiolic acid, calculated as Δ9-tetrahydrocannabinol (C21H30O2; Mr 314.5) and Cannabidiol (C21H30O2; Mr 314.5), based on the dried drug.






The title of the DAB monograph “Cannabis flowers” leads to problems in practice, because the impression exists that it is a herbal drug monograph, which is not the case. Through the standardization depicted in the monograph, it is clear that at least the active substance level is depicted. Unfortunately, individual authorities in Europe nevertheless interpret the monograph as also applicable to cannabis flowers used for the manufacture of extracts, which cannot be understood. This has been resolved in the new monograph in the Ph. Eur., where standardisation is only required if prescribed to patients. The definition of the content range of ± 10 per cent in the DAB is similar to that in the Ph. Helv. and is implemented in the new Ph. Eur. monograph also (if prescribed for patients).

In the Danish monograph, a content range of 80.0 to 100.0% is specified for THCA/THC and CBDA/CBD. Defined content ranges are missing in the Dutch monograph and the WHO monograph. The new Ph. Eur. monograph provides minimum contents for THC and CBD, for THC-, CBD-dominat and THC/CBD-intermediate types, respectively and also a a total CBD/THC ratio for the intermediate type.


4.2.3.2.1Identity

Identity testing is performed by a combination of microscopy, thin-layer chromatography and color reactions.

Microscopic analysis: The DAB, Ph. Helv., Ph. Eur. and the Danish monographs obtain detailed macroscopic and microscopic descriptions (▸ Chapter 15.5.1.1 and ▸ Chapter 15.5.1.2, respectively), which allow clear identification of the drugs and are also suitable for detecting adulterations. However, the latter are of little significance, since medical cannabis must always originate from controlled cultivation. A comprehensive description of macroscopic and microscopic characteristics can also be found in the USP publication.

Thin-layer chromatography determinations: Thin-layer chromatographic determinations are included in the DAB, Ph. Helv. and new Ph. Eur. monographs, respectively. These are separations on RP phases. The detection is performed with vanillin reagent (▸ Chapter 15.5.1.3). They focus on the identification of the bands for THC and CBD and do not represent fingerprints, not least because extraction is not exhaustive. The use of THC acid and CBD as reference substances has proven to be problematic from a pharmacy perspective in this thin-layer chromatographic testing. Procurement is difficult and cost-intensive in practice. Therefore, in October 2018, the German Drug Codex (DAC/NRF) published an alternative test method that is more suitable for pharmacy practice, whereby an advantage is offered due to the use of markers (menthol and bornyl acetate) instead of the reference substances (▸ Chapter 15.5.1.3). However, this method can only be used for THC flowers. In the meantime, rapid tests for THC have also become available, which can additionally be used under certain conditions (▸ Chapter 15.5.1.5). For CBD flower cultivars, TLC testing is currently standard, although here, too, the first rapid tests have recently come onto the market. In the Dutch monograph, a TLC on normal phase followed by detection using fast blue salt B is described (Dutch Office for Medical cannabis 2021). Only the Ph. Eur. describes an HPTLC method, which better fits to pharmacy practice. The USP publication provides details of an HPTLC method that actually also allows a fingerprint and which allows for distinguishing between individual chemotypes and cultivars.

In the Danish monograph, a UHPLC-DAD (ultra-high-performance liquid chromatographic-diode array detection) fingerprint is required to detect THCA/THC and CBDA/CBD. As an additional criterion, a comparison of the online UV spectra with the respective reference standards is required.

Color reactions and immunoassays: There are a number of color reactions that are specific for cannabinoids and are also applied for forensic identification (p-dimethylaminobenzaldehydes, DMAB; fast blue salt B or BB, and Duquenois or Duquenois-Levine reaction; United Nations Office on Drugs and Crime 2013; ▸ Chapter 15.5.1.6, ▸ Chapter 15.5.2.2, ▸ Chapter 15.5.3.3, ▸ Chapter 15.5.4.4 and ▸ Chapter 15.5.5.1, respectively). In addition, specific immunoassays for cannabinoids are also increasingly available and are used in various commercial rapid tests (▸ Chapter 15.5.1.5, ▸ Chapter 15.5.2.3 and ▸ Chapter 15.5.3.2). For proof of identity in the pharmacy as an incoming goods inspection, immunoassays with test strips or kits with color reactions from qualified suppliers can replace the TLC test, provided that there is appropriate proof of validation.


4.2.3.2.2Purity

The purity tests listed above (▸ Chapter 4.2.3.1) are also binding for cannabis through Ph. Eur. specific requirements exist in the monographs for the following parameters:

Foreign matter (2.8.2): Not more than 2% (DAB, Ph. Helv., Danish monograph). In the new Ph. Eur. monograph if the herbal drug is to be prescribed to patients as a medicinal product, it is required to not contain any seeds and the whole herbal drug should not contain any leaves more than 1.0 cm in length.

Ash (2.4.16): 20% maximum (Danish monograph).

Heavy metals (2.4.27): As specified in the “Herbal Drugs” monograph. Limits deviating from Ph. Eur. can be found in the Dutch test specification. In the new Ph. Eur. monograph specific limits have been included, if flowers are prescribed to patients: Arsenic 0.2 ppm, Cadmium 0.3 ppm and lead 0.5 ppm. From the literature it is known that Cannabis might accumulate Copper, this should be taken in consideration.

Water (2.2.13): Not more than 10% (Danish monograph, as an alternative to Ph. Eur. 2.2.32).

Loss on drying (2.2.32): Not more than 10% (DAB, Danish monograph), not more than 15% (Ph. Helv.). In the new Ph. Eur monograph a more specific determination for water has been implemented using molecular sieve und reduced pressure.

Pesticides (2.8.13): As specified in the “Herbal Drugs” monograph. Since cannabis flowers for medicinal purposes are always obtained under controlled conditions, it is possible to limit the scope of testing to the pesticides used in cultivation.

Aflatoxins (2.8.18): As specified in the “Herbal Drugs” monograph.


4.2.3.2.3Microbiological quality




CAUTION

Cases of complaints about mouldy cannabis flowers in pharmacies are becoming increasingly frequent. Therefore the following paragraph will address the requirements for the microbiological quality of cannabis flowers as well as a number of areas of conflict that arise in this context and indeed have implications for the dispensing pharmacy in terms of liability law.






The European monographs on medicinal cannabis flowers do not contain any specific requirements concerning their microbiological quality; this also applies to the new monograph in the European Pharmacopoeia, which has been published in the meantime. The Danish monograph [Danish Medicines Agency 2020] states that the requirements set in Ph. Eur. chapters 5.1.4 or 5.1.8 must be met, depending on the route of administration. If cannabis flowers are dispensed for oral use in the pharmacy, this is done by preparing a decoction. This allows the specification of the microbiological quality of such flowers based on category A of Ph. Eur. chapter 5.1.8, since the application involves a treatment that results in a reduction of germs. The microbiological limits provided in this category can be complied without any problems by means of appropriate hygiene measures during greenhouse cultivation and adequate drying. However, the requirements set in chapter 5.1.8 only apply to herbal medicinal products for oral use. But cannabis flowers are more frequently prescribed for vaporisation than for oral administration (▸ Chapter 14.1.6, ▸ Chapter 15.6.3.5 and ▸ Chapter 18.3). Vaporisation is also associated with a certain germ reduction; however, more recent data indicate that this reduction is insufficient. Heating with standard vaporisation parameters of 70 seconds at 190 °C may reduce the existing microbial load, including potential opportunistic pathogens, to a limited extent only [Sopovski et al. 2023]. Identification of the cultivated organisms by DNA sequence analyses, several taxa of fungi and bacteria were detected in various samples of cannabis flowers, which may be associated with opportunistic infections or allergic reactions, including Enterobacteriaceae, Staphylococcus, Pseudomonas and also Aspergillus. However, only the influence of the vaporisation process on the microbial load of the cannabis flowers introduced into the vaporizer was investigated in this study. Data on the extent to which these germs are then also contained in the inhaled aerosols are not available. It can be safely assumed that this is quite unlikely in the case of bacteria and fungi, since on the one hand these are adhered to the plant surface and on the other hand are not “volatile” as such; if anything, they may be carried along. For fungal spores the situation is different. Therefore, particularly spores of Aspergillus species pose a risk to patients. Inhalation of cannabis contaminated with Aspergillus spp. may lead to aspergillosis and therefore have serious effects, especially on immunocompromised patients [Szyper-Kravitz 2001]. An area of conflict arises from the fact that mould nests mostly exist inside the inflorescences and these are not detected in the pharmacy, but only by the patient. In some cultivars mould infestation may not be noticeable because it is masked by the numerous glandular hairs on and in the inflorescences.

Which requirements for microbiological quality are hence appropriate for cannabis flowers for inhalation use?

As a rule, authorities demand the requirements set in the category “inhalation use (special requirements apply to liquid preparations for nebulisation) “ according to Ph. Eur. chapter 5.1.4 to be met. These are the strictest requirements that exist for medicinal products – apart from the parenteral medicinal products that are to be administered under sterile conditions. This is attributed to the fact that the medicinal products and/or routes of administration covered by this category are based on aerosols and/or micronised powders, respectively. On account of their direct entry into the respiratory tract and the lungs, such an administration involves a high risk. That same risk does not exist when vaporising cannabis flowers, since it is not these that are directly introduced into the lungs, but the aerosols formed during vaporisation. Therefore the requirements defined in chapter 5.1.4 seem to be exaggerated. This does not only apply to the requirements for colony-forming units, but also for the organisms Staphylococcus aureus und Pseudomonas aeruginosa specified therein. According to batch data that have become available in the meantime the latter do not pose a risk as far cannabis flowers are concerned. This incidentally also applies to E. coli and salmonella [McPartland/MCKernan 2017].

When collecting the cannabis flowers, these requirements for medicinal products for inhalation use can usually only be met by germ reduction using treatment with ionising radiation. In Germany, pursuant to section 7 AMG as well as section 1 of the “Regulation on medicinal pro­ducts treated with radioactive or ionizing radiation” (AMRadV) cannabis flowers treated with ionising radiation are only marketable in Germany with a corresponding marketing authorization. Apart from the administrative effort involved in radiation, the risk of changes with an adverse influence on the risk-benefit ratio occurring as a result of radiating the flowers is thus accepted. In a multi-substance mixture such as cannabis it is impossible to ultimately rule out radiolysis pro­ducts to have an influence on efficacy and/or safety and to assess whether the data to be generated in the context of a marketing authorization are actually representative. Importers in Germany increasingly also use other bioburden-reducing procedures, which, however, are not suitable for cannabis flowers in all cases. At least a comprehensive qualification of the influence on the quality and stability of the cannabis flowers is required for such procedures. For instance, decontamination with saturated steam leads to a destruction of the glandular hairs and hence of he accumulation structures for the cannabinoids. The cannabinoids are hence exposed to atmospheric oxygen, which favours their oxidative degradation. At the same time, such treatment also results in a risk of alteration of sensory properties immediately and during storage as a result of the loss of volatile terpenes – this particularly applies to processes operating under vacuum. There is also a substantial risk – at least regarding certain cultivars with very compact inflorescences – that the steam does not reach the inner parts of the inflorescences and that it is exactly there that microorganisms persist. This is fatal in the case of spores of human pathogenic fungi such as Aspergillus spp., since this is how mould nests form inside the inflorescences, where they are mostly only discovered by the patients, if at all. A (cultivar-specific) validation including bio-indicators should hence be part of the qualification of such procedures.

The monograph “Pharmaceutical Preparations” of the European Pharmacopoeia states: “In the manufacture/preparation of non-sterile pharmaceutical preparations, appropriate measures are taken to ensure their microbiological quality.” Recommendations in this regard are provided in the General Texts 5.1.4 “Microbiological Quality of Non-Sterile Pharmaceutical Preparations and of Substances for Pharmaceutical Use” and 5.1.8 “Microbiological Quality of Herbal Medicinal Products for Oral Use and Extracts Used in their Preparation”. Accordingly, these are by no means binding requirements, but recommendations.

Chapter 5.1.4 additionally states:




NOTE


In addition to the microorganisms listed in Table 5.1.4.-1, the significance of other microorga­nisms recovered is evaluated in terms of:


	
use of the product: hazard varies according to the route of administration (eye, nose, respiratory tract)

	
nature of the product: its ability to support growth; the presence of adequate antimicrobial preservation

	
method of application

	
intended recipient: risk may differ for neonates, infants, the debilitated

	
use of immunosuppressive agents, corticosteroids

	
presence of disease, wounds, organ damage.



Where warranted, a risk-based assessment of the relevant factors is conducted by personnel with specialised training in microbiology and the interpretation of microbiological data.







It is hence the task of the manufacturer or party placing the product on the market to set an appropriate specification for cannabis flowers that – where appropriate – does not require the flowers to be treated with radiation. The risk of contamination with Aspergillus spp. should particularly be taken into account. Even though not provided in the new Ph. Eur. monograph, it remains to be hoped that the requirements for the microbiological quality will be adequately defined in a future version of the monograph on cannabis flowers in the European Pharmacopoeia and that hence adequate handling of this quality attribute can be achieved. Until then the responsibility for patients receiving flowers of appropriate quality lies with the dispensing pharmacy. A specification according to category B of Ph. Eur. chapter 5.1.8. seems appropriate for this purpose; this is especially true in the absence of specific requirements for herbal drugs for vaporisation. Dispensing pharmacies ought to request their suppliers to limit the total yeast and mould count (TYMC) to ≤ 101 CFU/g; this meets the requirement set in chapter 5.1.5 for medicinal products for inhalation use; or to test for the absence of Aspergillus spp. In this context the four human pathogenic species A. niger, A. flavus, A. fumigatus, and A. terreus should be considered. However, a compendial method does not yet exist. A validated pPCR-based assay from the AOAC has recently become available [Katchman et al. 2023]. In this situation as alternative more stringent criteria should be set for the total yeast and mould count (TYMC) – at least as far as the administration to immunocompromised patients or patients suffering from lung disease is concerned.

It is undisputed that the microbiological quality should be optimised by taking appropriate measures during cultivation, processing and storage, as well as by selecting suitable packaging materials and transport conditions. This is also in agreement with the requirements provided in the “Reflection paper on microbiological aspects of herbal medicinal products and traditional herbal medicinal products” (EMA/HMPC/95714/2013), where the following statement is made: “Minimising contamination with micro-organisms and microbial toxins should be ensured ideally by monitoring and limiting both primary and secondary contamination, i.e. by prevention rather than by use of decontamination methods.” Applying this concept, hygiene measures in cultivation are essential and it must be doubted that adequate control of the risks of microbiological contamination is possible in greenhouse or even outdoor cultivation – at least as far as cannabis flowers administered by inhalation are concerned. Regarding the collection of medicinal cannabis flowers, drying surely represents a very critical manufacturing step in this context. The selected drying method, the drying conditions and the residual water content and/or the water activity of the dried flowers have a substantial influence on microbiological secondary contamination and germ growth on the dried drugs and hence also on the possible (secondary) contamination with mycotoxins. As a consequence, it seems appropriate in any case to establish the line between GACP and GMP prior to drying.

Since cannabis flowers are not/cannot be homogenised, a sample representative of the entire batch cannot be obtained. The microbial load analysis of individual samples may therefore not be representative of the entire batch. Therefore preventive measures for reducing the risk of contamination plays a crucial role. For this reason drying must be performed under GMP conditions and strict quality assurance measures. The type and processing of drying also has substantial effects on the (stability of the) accumulated cannabinoids and terpenoids as well as on the integrity of the accumulation structures. Practices that try to circumvent these requirements are not only inappropriate, but illegal and pose a risk to patients. This particularly applies to a rampant practice of only carrying out the last step of the drying process under GMP already in Europe and transporting and/or importing only partially dried goods. In doing so, the cannabis flowers are imported as herbal starting material and not as GMP goods (apparently with the approval of individual local authorities in Germany), even though the flowers imported in this way originate from producers in third countries that are not GMP-certified and may not be monitored by the importer for compliance with GACP requirements. GMP certification can at least be verified, since in this case an entry in the EMA’s EUDRAGMP database must be available for the grower. Such an entry cannot be found, if the flowers originate from a third country that does not rank among the so-called MRA states, for which the preparation of herbal drug substances and medicinal products is part of the agreement with the EU on the mutual recognition of GMP standards. At present, this only applies to New Zealand, Australia and Switzerland. In Canada the collection of medicinal cannabis is not subject to GMP monitoring.

What can pharmacies do to meet the existing obligations to exercise diligence and to avoid risks of liability?


	
All suppliers should be qualified for only supplying cannabis flowers originating from GACP and/or GMP-compliant supply chains. Such a qualification could be achieved by making the corresponding GMP certificates and GACP declarations for the producers in third countries available. Reputable suppliers should make these documents available as download on their websites in the future.

	
Pharmacies should ask their suppliers about the application of decontamination procedures and their qualification and validation. Such procedures should appear on the certificates. Release must generally only be granted after such treatments have been carried out.

	
Suppliers should make strain-specific stability data available (as appropriate also as download), which ideally also contain data on in-use stability of containers in pharmacies. Special focus should be laid on microbiological quality attributes in this respect. Furthermore it is important that in case of bioburden reducing treatment these data were actually obtained from accordingly treated samples.

	
Microbiological quality attributes should be assessed based on the aspects explained in the text above. When dispensing to immunocompromised patients or patients with lung disease, attention should be paid to low values for yeasts and moulds or a test for pathogenic Aspergillus spp. envisaged.

	
Cannabis flowers with inappropriate microbiological test results should be rejected.












	Tab. 4.5 Microbiological quality requirements of the European Pharmacopoeia



	Attribute

	
Ph. Eur. 

Plantae medicinales 

Ph. Eur. 5.1.4.1.

administration by inhalation


	
Ph. Eur. 

Plantae medicinales 

Ph. Eur. 5.1.8 Kat. B (oral)

with hygiene ­measures


	
Ph. Eur. 

Plantae medicinales 

Ph. Eur. 5.18 Kat. A (oral)

with germ-reducing measures

(decoction)


	
Proposed 
specification, if

administration by vaporization







	TAMC

	≤ 102 CFU · g–1

	≤ 104 CFU · g–1

	≤ 107 CFU · g–1

	≤ 104 CFU · g–1




	TYMC

	≤ 101 CFU · g–1

	≤ 102 CFU · g–1

	≤ 105 CFU · g–1

	≤ 101 CFU · g–1*




	Staphylococcus aureus

	Absent (1 g)

	 

	 

	 




	Pseudomonas aeruginosa

	Absent (1 g)

	 

	 

	 




	Bile salt tolerant, gram-negative bacteria

	Absent (1 g)

	≤ 102 CFU · g–1

	 

	≤ 102 CFU · g–1




	Escherichia coli

	 

	Absent (1 g)

	≤ 103 CFU · g–1

	Absent (1 g)




	Salmonellae

	 

	Absent (1 g)

	Absent (25 g)

	Absent (1 g)




	Aspergillus spp.

	 

	 

	 

	Absent (25 g)



	* if absence of Aspergillus spp. is not specified.








4.2.3.2.4Degradation products

Cannabinol: Not more than 1.0% (DAB; Ph. Helv., Ph. Eur.). Cannabinol is the main degradation product of THC. The cannabinol content correlates with the degradation of THC in the flowers. Thus, it is also an indirect quality attribute that indicates appropriate processing, packaging and storage of cannabis flowers. It is difficult to understand, why an absolute limit is specified here, and not a limit related to the THC content.


4.2.3.2.5Content

The content of the target cannabinoids THC and CBD is determined by HPLC or UHPLC. The methods described in the various monographs differ with regard to the specified columns and gradients, and in some cases also with regard to the solvents used. It is not uncommon for testing laboratories to use in-house methods that have been optimized and comparatively validated with the DAB or Ph. Helv. method. In this context, the content determination of cannabis flowers is usually performed without a complete decarboxylation of the genuine acids in the course of sample preparation. Therefore, the CBDA/CBD and/or THCA/THC sums are evaluated. In the DAB monograph, three flower types are distinguished: THC >> CBD, THC ≈ CBD; THC << CBD. The methods (GC and HPLC) described in Annex 3 of the USP publication can be used to quantify other cannabinoids (CBC, CBD, CBDA, CBDV, CBDVA, CBG, CBGA, CBN, THCA, THCV, THCVA, Δ8-THC, Δ9-THC). A GC method for the determination of volatile terpenoids is also included there. α-pinene, β-myrcene, D-limonene, α-terpinols and β-caryophyllene are also quantified. All methods can also be used for fingerprint analysis. They are therefore very well suited for the differentiation and characterization of individual cultivars.

[image: kap004_abb016_a]


Fig. 4.16 Comparison of quality assurance concepts for A: medicinal teas, B: cannabis flowers defined as an active ingredient, C: cannabis flowers defined as an (intermediate) medicinal product (in all cases for the production of prescription drugs/officinal formulations).




4.2.3.2.6Stability

Cannabis flowers are potentially unstable both in terms of their THC and volatile terpene contents, as well as their microbiological quality. Appropriate measures must therefore be taken to ensure sufficient storage stability.

First, the genuine cannabinoid acids contained in the cannabis flowers can decarboxylate. This process is dependent on light and temperature. In dried drugs, 10 to 20% of the THC is present in decarboxylated form. When stored up to 25 °C, this proportion increases negligibly (Taschwer and Schmid 2015). Above 50 °C, the acids are completely decarboxylated within a few hours. For medical cannabis, the degradation of the cannabinoid acids is of little relevance, since the pharmacological activity emanates from the decarboxylated cannabinoids. The critical oxidative degradation of the decarboxylated THC can be prevented or at least slowed down by protection from atmospheric oxygen. This can be achieved, for example, by means of suitable packaging materials and transport and storage under inert gas. Oxidative degradation is thermodynamically controlled and slows down at low storage temperatures. Low temperatures also slow down microbial growth and thus prevent secondary germination of the dried cannabis flowers. Storage temperatures at or below freezing point should be avoided as this destroys the trichomes as accumulation structures, which may expose the cannabinoids enriched within them to increased oxygen and may lead to losses of value-determining terpenoid constituents. The same applies if dried cannabis flowers are stored in conditions that are too dry. Ideal storage conditions are between 55% and 62% relative humidity. This avoids desiccation and brittleness of the trichomes. The water content or, more precisely, the water activity also plays a decisive role in preventing secondary microbial growth. The water activity should not exceed aw=0.60. A method from the American Society for Testing and Materials is available for determining this. [(ASTM International 2020, No. D8196 (ASTM International 2020)]. For the theory on its determination and for practical aspects, please refer to the revised USP Chapter < 922> and Chapter < 1112>.

Within the scope of the stability test, all quality attributes should be checked that can change during transport and storage:


	
Target cannabinoid content;

	
Cannabinol content;

	
Microbiological quality;

	
mycotoxins (at least at the end of the stability studies);

	
Water content;

	
Water activity;

	
and chromatographic fingerprints.



The DAB monograph specifies a storage temperature below 25 °C. The Ph. Helv. and Ph. Eur. do not contain a specification in this regard.


4.2.3.3Sampling

When qualitatively and quantitatively analyzing a batch of herbal drugs to be tested/specified, it must be ensured that the composition of the sample used is representative for this batch so that the sampling has as little impact as possible on the results of the test/specification. This presents a particular challenge for cannabis flowers, as the flowers or parts of the inflorescences are obtained as whole drugs and are crushed, if necessary, only immediately before use. Sampling for validation of the manufacturing process (including drying) and for stability studies must also be carefully evaluated to ensure that the intended sampling results in representative samples. These basic requirements are defined in Ph. Eur. Chapter 2.8.20 “Herbal drugs: sampling and sample preparation”. This chapter includes a description of the possible procedures for obtaining bulk samples, which represent the minimum requirements for sampling of herbal drugs:

 If the external inspection of the containers, markings and labels of the batch shows that it can be assumed to be homogeneous, sampling is carried out depending on the number of containers with the resulting number of containers then to be selected at random. In the case of larger containers, sampling is carried out at the bottom, in the middle and at the top, and in the case of bags in the middle. The minimum total mass to be sampled is specified as a function of the mass of herbal drug per receptacle and a minimum mass of the samples is defined as a function of the size of the drug batch.

If a batch cannot be assumed to be homogeneous, it must be divided into sub-batches, each as homogeneous as possible. Each sub-batch is treated as a homogeneous batch and sampling is performed from at least the number of randomly selected containers as specified in the Ph. Eur.

This approach is hardly feasible for cannabis flowers, as it can rarely be assumed that batches or even sub-batches are “homogeneous”. Due to the high costs, increasing the number of samples and/or quantity is also not an option. A minimum sample size of 10 g/kg batch size (1%) must be considered. It must therefore be decided on a case-by-case basis – ideally, based on validation data on batch homogeneity – how representative samples can be obtained. In this context, samples for the determination of pesticides, aflatoxins and microbiological quality are particularly critical, as well as obtaining representative samples in the context of stability studies. It must always be taken into account that the variability of test results depends not only on batch variability, but also on the quality attributes investigated in each case.

The samples are to be combined in such a way that, ideally, several representative subsamples are obtained. With them, an assessment can be made during analysis to what extent the sampling was representative. During sample preparation and comminution, the instability of THC must always be taken into account; ground or powdered samples must be processed immediately and not stored.

 Further guidance is provided in the ASTM Guideline (ASTM International) “Standard Practice for Sampling of Cannabis/Hemp Post-Harvest Batches for Laboratory Analyses”.


4.2.4Quality requirements for preparations from cannabis flowers


4.2.4.1General quality requirements for herbal preparations in Europe

 For herbal preparations, the Ph. Eur. includes the general monographs “Preparations from herbal drugs” and “Extracts from herbal drugs”.




Definition


 Herbal drug preparations are homogeneous products obtained by subjecting herbal drugs to treatments such as extraction, distillation, expression, fractionation, purification, concentration or fermentation.

Herbal drug preparations include, for example, extracts, essential oils, expressed juices, processed exudates, and herbal drugs that have been subjected to size reduction for specific applications, for example herbal drugs cut for herbal teas or powdered for encapsulation.










Definition


 Herbal drug extracts are liquid (liquid extraction preparations), semi-solid (soft extracts and oleoresins) or solid (dry extracts) preparations obtained from Herbal drugs (1433) using suitable solvents.

An extract is essentially defined by the quality of the herbal drug, by its production process (extraction solvent(s), method of processing, etc.) and by its specifications.

European Pharmacopoeia monographs for extracts cover the genuine (native) extract and, where present, excipients.

It is possible to distinguish between different types of extracts:


	
Standardised extracts are adjusted to a defined content of one or more constituents with known therapeutic activity. This is achieved by adjustment of the extract with inert excipients or by blending batches of the extract.

	
Quantified extracts are adjusted to one or more active markers, the content of which is controlled within a limited, specified range. Adjustments are made by blending batches of the extract.

	
Other extracts are not adjusted to a particular content of constituents. For control purposes, one or more constituents are used as analytical markers. The minimum content for these analytical markers is given in an individual monograph.









Preparations from cannabis flowers are usually liquid extracts that are adjusted to a specific content of cannabinoids (to date, THC and CBD) and therefore belong to the group of standardized (= adjusted) extracts. Standardization, i.e. adjustment to the specified content, is achieved by adding inert excipients. In the case of cannabis extracts, medium-chain triglycerides are frequently used for this purpose, or the adjustment is made by mixing several (specification-compliant) batches of unadjusted extracts. The deviation from the adjusted content to be specified corresponds to ± 5% of the permissible deviation for chemically synthesized active ingredients.

In the “Extracts from Herbal Drugs” Monograph, under the heading “Production”, the critical points in the production of extracts and requirements for the materials used in this process, including the drugs used for production, are presented in an overview. Thus, the herbal drugs, solvents and other materials used in the preparation of extracts must be of suitable quality and, if applicable, must meet the requirements of the relevant monographs of the European Pharmacopoeia. In justified cases, herbal drugs used for the preparation of extracts may exceed the limits for heavy metals specified in the “Herbal Drugs” Monograph, provided that the extract prepared from such constituents complies with the “Heavy Metals” test (see “Testing for Purity”).

Prior to extraction, different batches of the herbal drug that meet the requirements of the relevant monograph or, if no single monograph exists, appropriate specifications, may be mixed. For example, this may be necessary to obtain the amount of herbal drug required for the production process or, in the case of adjusted and quantified extracts, to ensure that the content of one or more constituents of the herbal drug to be extracted is within a certain range. The herbal drug may also be subjected to pretreatment, it may be comminuted or defatted, or certain enzymes may be inactivated. Additionally, undesirable constituents (e.g. toxic constituents) or undesirable components (e.g. insoluble components) may be removed at an appropriate stage of the manufacturing process. Solvents already used in the production process and subsequently recovered or recycled may be reused, provided that recovery procedures are controlled and monitored to ensure that solvents meet appropriate specifications before being reused or mixed with other approved materials. Water for the preparation of extracts must comply with the Ph. Eur. monograph “Water for the preparation of extracts” (Aqua ad extracta praeparanda). If applicable, liquid extracts are concentrated by evaporation to the desired consistency using appropriate methods, usually under reduced pressure and at a temperature where the ingredients are changed as little as possible. Essential oils separated during early steps of the manufacturing process can be added back to the extract in a later manufacturing step. For technological reasons (for example, to simplify the drying process or to improve the homogeneity or consistency of the extract), suitable excipients may be added at various stages of the manufacturing process. Standardised extracts can also be admixed with suitable inert excipients to adjust one or more ingredients to a defined level. Suitable stabilizers, antioxidants and antimicrobial preservatives may also be added in justified and approved cases.

Extraction with a particular solvent results in a typical distribution pattern of extracted constituents in the extract. During the production of standardized and quantified extracts, purification processes may be used that increase the content of constituents; such extracts are referred to as “purified”. In the case of preparations from cannabis flowers, this is achieved by distillation of the volatile cannabinoids.

The following relevant quality attributes are specified in the “Extracts from herbal drugs” Monograph.


4.2.4.1.1Identity

The extracts are identified using appropriate methods. According to DAB and Ph. Eur., thin-layer chromatography is used almost exclusively to check the identity of extracts. The description of a chromatogram in the pharmacopoeias is based on the Rf values, the colors and/or fluorescence colors, and the intensities of the substance spots (zones), usually after spraying with a chromogenic spray reagent (▸ Chapter 15.5.2.1). Analogously to the TLC testing of drugs, the Rf values (retention factors) of characteristic zones are not given as numbers. Extracts for which no pharmacopoeia monographs exist can be identified most reliably by means of a thin-layer chromatography (TLC) fingerprint based on typical constituent patterns. A prerequisite for this procedure is that an authentic herbal drug sample or an authentic extract batch is available. In addition to TLC, fingerprints obtained by HPLC and gas chromatography (GC) are the main methods used to check for identity.


4.2.4.1.2Purity

Depending on the analytical results of the herbal drug used for extract preparation and the manufacturing process used, testing extracts for the following impurities may be necessary (references to the corresponding chapters of Ph. Eur. are given in parentheses):

Heavy metals (2.4.27): The determination is made only in exceptional cases if there is a risk of accumulation. It is usually sufficient to determine only the contents of the drug to be extracted.

When an extract is tested for heavy metal content, the limits listed in the “Herbal Drugs” Monograph apply, unless other values are specified in an appropriate extract monograph and except in justified and approved cases.

Aflatoxins (2.8.18): Testing is usually performed on the drugs used for extraction. Due to the formation of nests that cannot be detected with reasonable effort in the samples drawn, it may be necessary to carry out this test on the extract as well. Aflatoxins are also heat stable and soluble in hydroalcoholic solvents and lipophilic extractants. Therefore, there is a potential risk of carryover and concentration of aflatoxins from the drug into the herbal preparation or drug product, which could lead to the presence of higher aflatoxin concentrations in the herbal preparation or drug product. This risk should be fully assessed by validating the extraction process of an herbal preparation.

Pesticide residues (2.8.13): Testing is usually performed at the herbal drug stage. As part of the development of a preparation, it should be demonstrated that no concentration occurs as a result of the manufacturing process. In the case of the lipophilic extraction solvents used in cannabis, such a risk exists. If this is confirmed, it must be ensured that the permissible limits are complied with. The limits established for dried or fresh plants are also applied to preparations deriving from them, taking into account the drug-extract ratio. In the Ph. Eur., corresponding calculation formulas are given for this purpose in Chapter 2.8.13.

Testing for solvent residues: The solvents used for extraction cannot be completely removed during extract production, at least not without great technical effort. Small residual amounts remain in the extract. It must be ensured that the residual quantity is harmless. Regarding limit values for organic solvents in active ingredients and medicinal products, ICH guidelines (ICH: International Conference on Harmonization) make corresponding specifications regarding the maximum permissible quantities for active ingredients, excipients and finished products. The ICH guideline CPMP/ICH/283/95 has been implemented in Ph. Eur. Chapter 5.4. For the production of cannabis extracts, the solvents ethanol, hexane, cyclohexane and n-heptane are used. In principle, it is necessary to test for only those solvents that are used in extraction or in other production steps. For this purpose, a general method “Identification and determination of solvent residues” is outlined in Chapter 2.4.24 of Ph. Eur. This is a headspace gas chromatography method, and must be validated for the substance or product to be tested.

Pyrrolizidine alkaloids: For some years now, pyrrolizidine alkaloids (PAs) have played a major role as possible contaminants in herbal medicines. They originate as secondary constituents from various weeds, mainly from the Asteraceae family and here from Senecio species. There are about 400 known substances of which about half are hepatotoxic and hepatocarcinogenic (Schrenk, Gao et al. 2020). Their content is limited to a maximum of 1.0 µg/day for herbal medicinal products when used orally or cutaneously for a maximum of 2 weeks for adults (50 kg b. w.), or to a maximum of 0.14 µg/day for herbal medicinal products when used orally or cutaneously for a maximum of 2 weeks for children (20 kg b. w.), pregnant women and nursing mothers. In the case of medical cannabis, contamination with PAs hardly plays a role, since the plant source material is obtained in strictly controlled cultivation, which means that infestation with PA-containing weeds can be avoided. However, it cannot be ruled out that cannabis flowers from field cultivation are also used for the production of THC-free preparations. For this reason, a risk assessment for possible contamination with PA is always required. As a rule, this will be carried out as part of the GACP audit. If, on the basis of the available data, it can be verifiably demonstrated that, as a rule, the content of PAs in the medicinal product is ≤ 0.1 µg pyrrolizidine alkaloids relative to the daily dose, then the risk is categorized as low. The classification in this category is acceptable if the measured value in 90% of the samples tested is below this limit and no sample is above a value of 0.35 µg pyrrolizidine alkaloids with respect to the daily dose. Only random sampling is required for this category. The specific level is to be derived from the available data. In the case of in-house cultures, testing may be dispensed with altogether if necessary.

A new general Chapter 2.8.26 of the Ph. Eur. describing 28 target PAs has been implemented in with the 10th edition. For determination, it allows the use of any method consisting of chromatography coupled with MS/MS or high-resolution MS that meets the validation requirements specified in the chapter. In addition, it contains verification requirements that must be met to demonstrate that the suitability of the method remains valid during routine analysis.


4.2.4.1.3Microbiological quality

According to Ph. Eur. Chapter 5.1.8, “extracts” must generally meet the acceptance criteria of category B for herbal medicinal products if used in oral products. However, if it can be demonstrated that the manufacturing process does not achieve a sufficient reduction in the number of microorganisms to meet the category B criteria, the extracts must meet the requirements for category C herbal medicinal products. The recommended acceptance criteria apply to extracts that are a component of oral herbal medicinal products. For extracts that are part of pharmaceutical preparations for another route of administration, more stringent acceptance criteria may be required for such preparations to meet the criteria for the applicable route of administration (see general text in Ph. Eur. Chapter 5.1.4). If, in certain cases, a risk of contamination may arise during the course of extract manufacture, additional microbiological monitoring tests should be provided as in-process controls for each major sub-process. Testing for microbiological purity is then also part of the purity testing of the final product.


4.2.4.1.4Assay

The content of extracts must be determined using a suitable method. In individual monographs on standardised extracts, the content of quantified active ingredients is given in the “Definition” section as a defined individual value or defined content range. Today, HPLC and GC methods are preferably used for content determination. The content determination for cannabis extracts is usually carried out for cannabinoids; in this case, mainly for CBD and THC. However, it would be conceivable that, based on pharmacological and/or clinical data, other cannabinoids or other constituents could also be defined as determinants of value, for example terpenoids or flavonoids. In this context, the establishment of content ranges for a quantified extract would also be conceivable.


4.2.4.1.5Stability

Stability tests are carried out on standardised extracts with a focus on the ingredients that determine efficacy and with regard to all parameters that may change during storage. For extracts, these are usually:


	
Content of standardized ingredients;

	
Content of degradation products;

	
Microbiological quality;

	
mycotoxins (at least at the end of the stability studies);

	
Water content;

	
Water activity, if applicable; and

	
Chromatographic fingerprints.



The last point may be particularly important, as herbal preparations are considered in their entirety as active ingredients and as a complex multicomponent system. This may also be true in the case of standardised extracts; this is especially the case where the question of a stability study is not solely focused on the standardized, efficacy-determining ingredients. Stability studies should always be carried out in a packaging material that is equally protective as the product-specific primary packaging material.


4.2.4.2Specific requirements for preparations from cannabis

A DAB monograph, “Adjusted Cannabis Extract,” has been published for cannabis extracts.

The DAB monograph contains requirements for extracts defined as follows:




Definition


Extract standardized from the whole or crushed dried shoot tips of the flowering female plants of Cannabis sativa.

Content

Δ9-tetrahydrocannabinol (THC; C21H30O2; Mr 314.5): not less than 1% and not more than 25% (m/m) for the extract and 90 to 110% of the nominal content declared on the label.

Cannabidiol (CBD; C21H30O2; Mr 314.5): 90 to 110% of the nominal content declared on the label.

Production

The extract is prepared by an appropriate extraction procedure, preferably CO2 extraction. The extract obtained is refined, if necessary, and adjusted to the declared content with an inert excipient, preferably medium-chain triglycerides.

Cannabinoid acids are decarboxylated during extract manufacture or during drying of the herbal raw material.

In addition, the requirements of the Ph. Eur. General Monograph „Herbal Drug Extracts“ apply.







However, the draft monograph currently covers only extracts that are standardized to a content of 1–25% THC. It is difficult to understand the reason for this restriction, since extracts containing more or less THC are also available. The largely THC-free CBD extracts are not covered by the monograph, although they are becoming increasingly important. Here, the lack of specifications results in an area of tension, especially because authorities, following the present monograph, require a content range of 90–110% even for residual THC contents below 1%, which can hardly be translated to practice. The present monograph appears to be in need of revision because of some ambiguities in its requirements defined (details below). In addition, it is unclear whether the monograph specifies an active ingredient or an intermediate herbal drug. This is important not least because appropriate specifications need to be established for the release and shelf life. It also remains unclear how the content range of 90–110% specified in the monograph is to be understood. Since pharmacopoeia monographs always depict shelf life specifications, it can be understood as a specification applicable for the whole shelf life. According to the guidance in the HMPC Guidelines on Specifications for Herbal Preparations, 95–105% would then be an appropriate release specification (EMA/HMPC/162241/2005 Rev. 3). A different picture emerges if the monograph is also applied to preparations categorized as (intermediate) medicinal products. In this case, the amount of active ingredient in intermediate medicinal product would have to be specified in any case with a content range of 95–105%.

It is unclear why there is so much focus on CO2 extracts in the definition, especially since many extracts on the market in Europe are made with ethanol as the extraction solvent.

Standardization with an inert excipient (medium-chain triglycerides) is preferable, although mixing of batches could also be used.

It is difficult to understand the reason for the monograph being limited to extracts with a maximum content of 25% THC. Extracts with higher THC contents have also been seen on the market in Europe and in Germany: for example, those that are purified by distillation and contain up to 85% THC.


4.2.4.2.1Identity

In the DAB, the identity check is carried out by thin-layer chromatography (▸ Chapter 15.5.2.1). In the current version of the monograph, the identity test is not suitable for detecting counterfeit extracts (artificially mixed from cannabinoids). The identity test is thus to be regarded as insufficiently specific.


4.2.4.2.2Purity

Cannabinol: Not more than 2.5%. This specification is illogical, since it is a degradation product of THC. The limit should be related to the THC content. Otherwise, different limits would result depending on the THC content.

Water (2.5.12): Not more than 0.5%. A determination according to Ph. Eur. Chapter 2.5.32 seems more appropriate here because of the small amount of water to be determined. Furthermore, it is difficult to understand the reason for this limitation to 0.5%. This limit actually applies generically to dry extracts and is not necessarily meaningful for the cannabis extracts that exist as fluid oleoresins. Cannabis extracts are also usually produced with extracting agents that do not contain water.

Solvent residues: Residues must meet the requirements of Ph. Eur. Chapter 5.4.

For extracts that are “pure” CBD or THC extracts, consideration must be given to how the residue levels for CBD or THC, respectively, are specified in each case. For example, this can be achieved following the specification for related substances, as done for chemically defined active ingredients. It must also be taken into account that THC or CBD contents of less than 1% may well still contain pharmacological activities specific to the cannabinoid in question.


4.2.4.2.3Content

The content is determined by means of HPLC.




NOTE

For preparations not covered by the definition of the DAB monograph to date, specifications and the scope of testing has to be defined individually. In any case, all general requirements of the European Pharmacopoeia for herbal starting materials, active substances and medicinal products must be met. The tests for contaminants are particularly of relevance.







4.2.4.2.4Stability

Storage conditions defined in the DAB monograph include:


	
Tightly sealed;

	
Protected from light;

	
Below 25 °C, preferably at 2–8 °C.



In any case, product-specific stability studies must be carried out according to the specifications for known products applicable for this purpose in Europe. Based on these data, a product-specific storage temperature to be labeled must be established as well as either a retest date, if the cannabis extract is categorized as an active substance, or an expiry date, in the case of categorization as an (intermediate) medicinal product (▸ Chapter 4.2.2.3). For cannabis extracts, the following quality attributes are tested in stability studies:


	
 THC/CBD content;

	
 Cannabinol content;

	
Microbiological quality;

	
Water content (if relevant).



The consideration of fingerprints is relevant when the stability of the entire extract or variables influencing these are investigated; for example, when evaluating suitable packaging materials, evaluating antioxidants, investigations or the influence of decontamination treatments (e.g. ionizing radiation). The investigation of fingerprints is certainly also warranted when the comprehensive characterization of a preparation is necessary, for example, to ensure the traceability of preparations in non-clinical and clinical investigations.

When defining the shelf-life specification, a content range of 90–110% should ensure that preparations in the pharmacy still contain at least 95% of the declared active ingredient contents for THC and/or CBD when dispensed to the patient.

If plastic primary packaging materials or closure systems are used, the risk of “extractables” and “leachables” must be assessed and confirmatory data collected on this as part of the stability studies, if applicable.


4.2.5Specific requirements for isolated cannabinoids as active ingredients in medicinal products


4.2.5.1General requirements for chemically defined active substances

For substances isolated from cannabis, it is not easy to define at what level of purity a substance is actually a singular (chemically defined) active ingredient and when it should still be categorized as a (potentially highly purified) extract. The HMPC has summarized the current status of the discussion on this topic in a paper “Reflection paper on the level of purification of extracts to be considered as herbal preparations” (EMA/HMPC/186645/2008). This paper presents various criteria that can be used as part of an evaluation. In summary, the paper states that:

”The definition of herbal preparations includes not only extracts prepared by simple processes in which the full spectrum of extractable plant constituents is present, but also purified/refined extracts that may consist only of mixtures of related herbal constituents. In the latter case, the full spectrum of herbal ingredients may no longer be present because certain accompanying ingredients have been removed in the purification processes. In some cases, the level of purification of the extract is so high that it is questionable whether the resulting active ingredient can still be considered a highly purified herbal preparation or whether it should be considered an isolated herbal ingredient or a mixture of closely related herbal ingredients”.

The following aspects should be considered when designating an extract as a “herbal preparation”:


	
The definition is in accordance with Directive 2001/83/EC, as amended, and the Ph. Eur.

	
The preparation contains a complex mixture of constituents extracted from the plant material.

	
The proportionate content of constituents in the preparation may vary from batch to batch due to natural intrinsic variability.

	
The preparation is a mixture of related constituents reflecting natural variability during the extraction process, but the mixture may be standardized or quantified.



At least one of the following criteria would preclude the material from qualifying as a “herbal preparation”:


	
Extracts that have undergone chemical processes in which the chemical changes are comparable to partial synthesis. These preparations should be evaluated on a case-by-case basis.

	
Extracts enriched with isolated compounds.



Some purified extracts can only be evaluated by taking into account additional information, for example, regarding the manufacturing process. It should be noted here that a question-and-answer paper by the HMPC (EMA/HMPC/345132/2010 – Rev.5) also explicitly states that pure substances purified from herbal sources can be considered as herbal medicinal products.

In administrative practice in Germany, in the case of CBD, compliance with the DAC monograph is the benchmark for determining whether an active ingredient is categorized as a pure substance or as an extract. The essential requirements for active substances as pure substances are defined in the Ph. Eur. monograph “Substances for Pharmaceutical Use”, as well as in a number of guidelines. They apply to all pure substances, even if they have been isolated from plant starting material.


4.2.5.1.1Identity

A selective identity testing must be carried out. In other words, it must be ensured that substances with closely related structures that are likely to be present can be detected. Infrared spectroscopy is often suitable for this purpose. Identification by a single chromatographic retention time alone, for example, is not considered specific. However, the use of two chromatographic methods in which separation is based on different principles, or the combination of different tests in a single method, such as HPLC/UV diode array, HPLC/MS, or GC/MS, may be acceptable.


4.2.5.1.2Purity

Organic impurities (starting materials, synthesis by-products and degradation products) in active ingredients must be specified as specified in ICH Guideline Q3A (ICH Q3A).

In addition, the following categories of potential impurities must be considered:


	
 Genotoxic or mutagenic impurities: Such impurities can arise during the isolation or storage of active ingredients. Most genotoxic impurities however arise only during synthesis and not during purification, typically using electrophilic reagents as key “building blocks” that exhibit potential DNA reactivity. No genotoxic or mutagenic impurities have been described to date during the extraction and synthesis of isolated cannabinoids.

	
 Residual solvents: Potential solvent residues must be specified in the active ingredient with appropriate limits based on the ICH Q3C guidelines (ICH Q3C) which has been adopted as an EMA guideline in the European regulatory framework for medicinal products. These guidelines (CPMP/ICH/283/95) contain specifications for a number of organic solvents used in the synthesis of active pharmaceutical ingredients, intermediates or starting materials.

	
Residues of metal catalysts, reagents and element impurities: Potential residues of metal impurities must be specified in the active ingredient with appropriate limits based on the ICH Elemental Impurities (ICH Q3D) guideline, which has been adopted into the European regulatory framework for medicinal products as an EMA guideline (EMA/CHMP/ICH/353369/2013). This guideline contains specifications for possible elemental impurities in the finished product. Based on a risk assessment, possible entry routes for such impurities are to be evaluated. The active ingredient must also be considered as a possible entry route. A risks of impurities with toxic metals can particularly arise here due to catalysts used in synthesis.



Water content: The maximum water content should be specified.

Microbiological quality: Ph. Eur. Chapter 5.1.4 “Microbiological quality of non-sterile pharmaceutical preparations and of substances for pharmaceutical use” offers recommendations on the microbiological quality of active chemical ingredients. Depending on the type of substance and the intended use, different acceptance criteria may be justified.


4.2.5.1.3Assay

Except in justified and authorized cases, the content of substances for pharmaceutical use must be determined by appropriate methods.


4.2.5.1.4Stability

Based on data from stability studies, retest periods must be defined for chemically synthesized active ingredients. The specifications for the stability studies to be carried out are derived from ICH Guidelines Q1A (ICH Q1A) and their transposition into the European guidelines of the EMA. The test methods used for the stability studies must be indicative of stability. This means that the methods must be able to detect and quantify all relevant degradation products. For this purpose, studies on the forced degradation of the active substances are usually carried out, and over the course of these studies, possible degradation products are identified and characterized.


4.2.5.2Quality requirements for cannabidiol (CBD)

 In addition to the general requirements summarized above, specific requirements for CBD are defined in a DAC monograph.


4.2.5.2.1Identity


	
The IR spectrum corresponds to the comparison spectrum.

	
The test uses thin layer chromatography.




4.2.5.2.2Purity

Determination of specific rotation: The specific rotation must be between –129.5 and –135.0.

Sulfated ash: Not more than 0.1%.

Cannabinol (CBN): Not more than 0.1%.

Δ9-tetrahydrocannabinol: Not more than 0.1%.

Δ8-tetrahydrocannabinol: Not more than 0.1%.

Other related substances: Not more than 0.1% each; not more than 1.0% total.


4.2.5.2.3Content

Cannabidiol: 98.0–102.0%


4.2.5.2.4Stability

CBD is a very stable substance. It can be purified easily, and usually precipitates in crystalline form. It is less stable in acidic and alkaline solutions, but is not as sensitive to oxidation as THC. Under oxidative conditions, it can be oxidized to quinones (○ Fig. 4.17; Holly, Williams et al. 2020; Caprioglio, Mattoteia et al. 2020). Degradation can be observed mainly at elevated temperatures (Kosović, Sýkora et al. 2021). Epimerization at the two chiral centers is not observed. It is apparent that degradation to THC does not occur (Lachenmeier, Habel et al. 2020; Golombek, Müller et al. 2020). A USP monograph published as a draft also considers quinoid degradation products which are relevant for toxicology (Pharmacopoeial Forum 2022). A monograph for Cannabidiol (CBD), isolated from the Cannabis sativa plant will be implemented in the Ph. Eur. in Supplement 11.5 (January 2024), with an implementation date of 1 July 2024. This monograph will contain limits for Cannabidibutol (max. 0.2 per cent); Cannabidivarin (max. 0.15 per cent); Cannabinol (max. 0.15 per cent) and THC (max. 0.10 per cent). Total impurities will be limited to max. 0.8 per cent.


4.2.5.3Quality requirements for dronabinol

Dronabinol is the international non-proprietary name for a stereoisomer of the most important psychotropic constituent of the cannabis plant, (-)-trans-Δ9-tetrahydrocannabinol (▸ Chapter 15.4.3.1). It is a nearly colorless to pale yellow oily liquid or resinous mass.

In addition to the general quality requirements summarized above, specific requirements are defined in a DAC monograph.


4.2.5.3.1Identity


	
The IR spectrum corresponds to the comparison spectrum.

	
The test uses thin layer chromatography.




4.2.5.3.2Purity

Δ8-Tetrahydrocannabinol: Not more than 2.0%.

Cannabinol: Not more than 1.0%.

Other related substances: Not more than 1.0% each; not more than 3.0% total.


4.2.5.3.3Content

Δ9-tetrahydrocannabinol: 95.0–100.0%


4.2.5.3.4Stability

Dronabinol is sensitive to oxidation and is also unstable as a pure substance. Degradation is mainly oxidative. The main degradation product is cannabinol; cannabidiol may also be formed (○ Fig. 4.17). In acidic conditions, dronabinol isomerizes to the more stable Δ8-isomer, which is much less sensitive to oxidation. A number of other degradation products have been identified (Hanuš, Meyer et al. 2016). Due to its instability, dronabinol should be stored with care in suitable packaging and, if necessary, under inert gas.
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Fig. 4.17 Important degradation pathways of THC and CBD during storage of cannabis flowers and extracts




4.2.6Quality requirements for cannabis-based medicinal products

The general requirements are derived from numerous guidelines and other guidance documents of the EMA and its committees (QWP, HMPC, CHMP). Central requirements are described in the monograph “Pharmaceutical Preparations” of the Ph. Eur. As already explained in ▸ Chapter 4.2.1, these apply not only to approved finished medicinal products, but also to formulated and officinal medicinal products.


4.2.6.1Active ingredients and excipients

Active ingredients and excipients used in the formulation of pharmaceutical preparations comply with the requirements of the applicable general monographs, such as described in the general monograph “Substances for Pharmaceutical Use”, “Extracts from Herbal Drugs”, “Herbal Drugs” and “Preparations from Herbal Drugs”.


4.2.6.2Tests for identity and purity

The following tests, if applicable, are carried out on the pharmaceutical preparation:


	
Tests for the identity of active ingredient(s);

	
Tests for the identity of certain excipients such as preservatives;

	
Purity testing, such as tests for degradation products, solvent residues (Ph. Eur. Monograph 2.4.24) and other related impurities.




4.2.6.3Elemental impurities

The general Ph. Eur. text 5.20 “Elemental impurities” applies to pharmaceutical preparations, except for preparations not subject to authorization, i.e. prescription medicinal products and officinal formulations. For pharmaceutical preparations outside the scope of the general Ph. Eur. text 5.20, such as herbal products, the manufacturer of these products is responsible for controlling the level of elemental impurities by applying risk management principles. If applicable, testing shall be carried out using appropriate analytical methods in accordance with the Ph. Eur. general method 2.4.20 “Determination of elemental impurities”.


4.2.6.4Microbiological quality

For orally administered cannabis-based medicinal products, the specification of the limits to be complied with is drawn up according to Ph. Eur. Chapter 5.1.8. “Microbiological quality of herbal medicinal products for oral use and extracts for their preparation”. Three categories are defined:


	
 Herbal medicinal products containing herbal drugs, with or without excipients, intended for the preparation of infusions and decoctions using boiling water (for example herbal teas, with or without added flavourings).

	
 Herbal medicinal products containing, for example, extracts and/or herbal drugs, with or without excipients, where the method of processing (for example, extraction) or, where appropriate, in the case of herbal drugs, of pre-treatment reduces the levels of organisms to below those stated for this category.

	
 Herbal medicinal products containing, for example, extracts and/or herbal drugs, with or without excipients, where it can be demonstrated that the method of processing (for example, extraction with low-strength ethanol or water that is not boiling, or low-temperature concentration) or, in the case of herbal drugs, of pre-treatment, would not reduce the level of organisms sufficiently to reach the criteria required under B.



The majority of herbal cannabis-based medicinal products for oral use will be in category B.

All other cannabis-based medicinal products must comply with the limits defined in Ph. Eur. Chapter 5.1.4. “Microbiological quality of non-sterile pharmaceutical preparations and of substances for pharmaceutical use”.

Microbiological testing of non-sterile products is performed according to the methods set out in General Ph. Eur. Chapters 2.6.12, 2.6.13 and 2.6.31. The acceptance criteria are based on the total aerobic microbial count (TAMC) or the total combined yeasts/molds count (TYMC) as well as limits for individually specified microorganisms. They are set out in extracts in □ Tab. 4.5.

In addition to the microorganisms listed in Ph. Eur. Chapters 5.1.4 and 5.1.8, the importance attached to the presence of other detected microorganisms is assessed according to the following:


	
Use of the product: the risk changes depending on the site of administration (eye, nose, respiratory tract);

	
Type of product: its property to promote microbial growth; appropriate antimicrobial properties;

	
Mode of administration;

	
Intended recipient group: neonates, infants, and the frail are at particular risk;

	
Use of immunosuppressants, corticosteroids;



OEBPS/Images/kap004_abb017_a.jpg
Cannabidiol quinone (CBDQ)

Cannabidiol (CBD)





OEBPS/Images/kap004_abb013_a.jpg
GACP

Active ingredient
extracted
from plant
sources

Herbal extracts
used as active
ingredient

Active intrigent
consisting of
comminuted or
powdered herbs

Production of
the plants
Collection
of plants

Collection
of plants

Collection of
plants and/or
cultivation
and harvesting

Cutting
and initial
extraction(s)

Cutting and
initial
extraction

Cutting/
Comminuting






OEBPS/Images/kap004_abb015_a.jpg
Cannabis flowers m

Grower GACP/GMP GACP/GMP
Grower GMP Part | GMP Part Il
Importer GDP Import/Inspection

Pharmacy ApBetr0 ApBetr0






OEBPS/Images/kap003_abb004_a.jpg
OH
Formation of
S R
C-C bond Aromati- O
zation
HO SC HO' SC
Cannabigerol (CBG) type Cannabidiol (CBD) type Cannabinodiol type
Formation of Formation of Formation of
(-0 bond (-0 bond (-0 bond
H
oH O 0
= R 7 R R
> — "
SC H SC Ho SC

Cannabichromene (CBC) type

Formation of
C-Cbond

Cannabicyclol (CBL) type

Neutral cannabinoids
Cannabinoid acids

Cannabielsoin (CBE) type Cannabifuran (CBF) type

R=H

QL1
R i R
A ti-
romati O
zation
0 SC

SC

A°-Tetrahydrocannabinol (A%-THC) type Cannabinol (CBN) type

SC = Side chain

R = COOH





OEBPS/Images/kap003_abb002_a.jpg
Cannabichromanone type
R® = (3 or (5 side chain

10-0x0-A%2(102)Tetrahydro-
cannabinol (OTHC)

Cannabicoumaronone

HO

0

OH

Cannabiglendol

0

Cannabicitran

0 R?

A'-Isotetrahydrocannabinol type
R3= (3 or (5 side chain





OEBPS/Images/kap002_abb009_a.jpg
@i@
Selection
0
v
Selection
0
v
Selection
.0
v
Selection
.0
J
Selection
.0
N
Selection
.0
N
Selection
.0
v

Selection

E Selection &
N N

Asexual Asexual
propagation propagation

J

r-)

Pairwise cross combination of all
male and female plants

© 68 6 6 6 6 9 6

Cultivation

and selection
for Skunk
to best  No.1
combining
ability






OEBPS/Images/kap004_abb011_a.jpg
Lamps 1%

Office supplies 1 % Water 1%

Rent 1 % Seeds 2%
Other 1% Fertilizer
I_ and similar
Packaging 3%,
and
transport
12%

Electricity 28 %

Depreciation
23 %

Labor costs 26 %





OEBPS/Images/kap003_abb008_a.jpg
OH 0

OH
0 Lewis acid
+
HO
ik 2 &

(+)-p-Mentha- Olivetol carboxylic (-)-trans-Cannabidiol

2,8-dien-1-ol acid methyl ester carboxylic acid methyl ester
HO

OH™
o —
—MeOH
OH
3 4
(-)-trans-Cannabidiol carboxylic (=)-trans-Cannabidiol-
acid methyl ester carboxylic acid ester
OH™
= GoH,(0H),
- (0,
L 5
(-)-trans-Cannabidiol (BD

carboxylic acid ester





OEBPS/Images/kap003_abb006_a.jpg
Perrottetinene





OEBPS/Images/kap001_abb001_a.jpg
50
A.D.

1150-
1500

ot
b

1600~
1700
A.D.

1800-
1850

il
Lo

1900~
1950

>
=

2000~
2020
A.D.

=In the Indian Vedas, hemp is mentioned as a remedy (ca. 800 B.C.).
= Papyrus records from Egypt document therapeutic use of hemp (ca. 1500 B.C.)
= 0ldest written documents from China about hemp as a medicinal plant (before 1000 B.C.)

= First mention of cannabis in Western pharmacology by Dioscorides (ca. 50 A.D.)

= First known illustration of cannabis in the Codex vindobonensis (512 A.D.)

= Hildegard von Bingen mentions hemp in detail in her work Physica (ca. 1150)

=In the Orient, cannabis or hashish is more of an intoxicant than a medicine.

= Famous herbal authors (e.g. Leonard Fuchs) portray hemp with artistic illustrations

=In the United States: Hemp is grown as a source of fiber

=Hemp seed, but not hemp herb, is a valued medicine in Europe

=William B. 0'Shaugnessy publishes a study on (Indian) Hemp (1839)
= Indian hemp (Cannabis indica) comes to Europe

= (annabis is a widely accepted and valued medicine; peak between 1880 - 1900

= Cannabis becomes very popular within a short time; pharmacopoeias monograph cannabis preparations

= From 1920 to 1950: Cannabis preparations become narcotics and are increasingly obsolete

= World-wide prohibition of cannabis by the Single Convention on Narcotic Drugs (1961)
=The chemical structure of cannabidiol (CBD) is discovered (1963)

=The chemical structure of tetrahydrocannabinol (THC) is discovered (1964)

= Approval of the dronabinol-containing preparation Marinol® in the USA (1985)

= Discovery of the endocannabinoid system, (B receptors and anandamines (1988 - 1992)
= Dronabinol as a compounding substance is approved in Germany (1998)

=The proprietary medicinal product Sativex® (nabiximol) is approved in Germany (2011)
= Country-specific narcotics law changesfrelaxations affecting cannabis (from 2015)

=The (BD-containing finished product Epidyloex® is approved in Germany (2020)
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