'1‘[8' Heterocycl Chem (2007} 10: 1-42
ple)) 10.1(}076’/‘031_2{]07,%}

® Springet-Verlag Berlin Heidelberg
Published anline 14 August 2007

Chemistry and Biological Activity
of Tetrahydrocannabinol and its Derivatives

T, Flernming'? - R, Muntendam? - C. Steup’ - Oliver Kayser® (=)

VPHC-Pharm Lid., Offenbacher Landstrasse 3584, 60599 Franlkfurt, Germany

pepartment of Pharmaceutical Biology, GUIDE, University of Groninges,
Antonius Deusingluen 1, 9713 AV Groningen, The Netherlands

3Department of Pharmaccutical Biology,
Croningen Besearch [nstitote for Pharmacy {GRIP), University of Groningex,
Antonivs Deusinglasa 1, 5713 AV Groningen, The Natherlands
o.kayser@rug.nl

T, Flemming and R. Muntendam both contributed equally

1 Chemistey . . o v v en v o s ot .- 2
10 Momenclafre. . .. .o sesmsrsssa s rmnom st 2
12 Chemical and Fhysical Properties of AS-THC . . ... . e 3
1.3 Further Nataral Cannobinoids . o+ - v o v e v v e m e ee 5
131 Cannabigercl {CBG) - - . -« - = - . 5
192 Canngbifiol(CBD) . v vvmvosrnanmr s rom sty ]
1.3.3 AS-szhydmcanmhiunl (AB-THE) - oar v rmmmeamnnme &
134 Comnebichromensa (CBEY .. v v er v e mr cmvpammnmne et &
1.5.5 Cannebinodiot (CRND) and Cpnnobinol {CBH) . . -« .« - v - e n s 7
2 Biosynibesls of Cannebipaids . . . v oo vee e e e e 7
21  Hiochemistry nd Blosynthesis » .o uu v c e e e m et 3
.2 Genetics of Cannebls Sativa + « « o v o v v v o - I 13
23  Environmemtal FAetdrs , o o oo o v v e m s m e st 0T e e 1%
241 Dehydration. . . . - et I
2.3.2 Nutrients mSail ...+ R L N, 15
288 Lights oo sevsrsrsmnme=ses s " PR
24  Growling of Carnabis Satlya and Optimization ofTHC Yield . ..o cv + - - 16
241 Cultivation of Camnalis « v v v v e oo me st 16
242 Optimization of THC Yield -+« vv e mme e e e 16
243 Connabis Stendardizaton’ o o o x oo wr e s erer T PO i7
25  Alternative Production Systems for annebinolds . o v e o s b e s 17
253 CecllColtures . .. -« ¢« e B et e mens e 18
252 Transgenlc¥lants . oo - saa e e e e e as s e sy ey 18
253 Heterologons Expression of Cannsbinoid Biogynthetic Genes -, .« - . - 19
3 Chemical Synthetif, - . o« oo v v avar o s e m b e 19

3.1 SynthesisﬂnutesforAS—'I'HC......................... 19
3,2  Symthesls of A0-Tetrahydrocannabinol f m Nutugal Cannabidiof

(Semisynthetic ASTHC) + v ovmrmennsnsmss s sbose e 3l
321 Derivates of ABTHC. o o v v v v cam e rmm 0 R R 2




2 T. Flepiming et al,

§  ANSIHS . .vomnre i ae s cere. 25

41  Detection of Connabinoids in Plant Matedal. o ..+ o v v v oo ennns 25
411 Anelytical Methods for Datection of AJ-THC
and Other Cannabinojds in Plante . -, o0 00 e s e e e 25

12  Detection of AS-THC and its Haman Metabolites in Porensic Semples . . 28
121 Membolism of AS THC by Bumane Cytochrome P450 Enzymes, -\ . .- - 28
422 Anglytical Methods for Detection of ASTHC 2nd it Metabolites ... . . 29

5 Medicinsl uge of Cannabis and Canmabinodds . o . . v o v v v s new e s 31
51  Historical Asperts . .. oo oo se e n s e e 31
57 Modernlse..... B R
521 Maturol Cinpabingids . ..o .. v v ma s cn s r s 32
523 Synthetic Cannabinoids , ... .. . b s 34
43  Drog Delivery. . . - - e b e e aae - P 35
References . .aw v - v - o ea e a e 38

Abstract Cannabinoids and in particular the main psychoactive AS-THC are promising
substanices for the development of new drugs and are of high importance in blomedicine
and pharmacy. This review gives an averview of the chemical properties of AS-THC, its
gyuthesis on Indwstrial seale, and the synthesis of impartant metabolites. The biosynthe-
sis of cannebinoids in Cannabis sativa s extensively described in sddition to strutegies for
gptimization of this plent for cannablngid employment in medicine. The metbolism of
A9THC iz humans is thown end, based on this, aneiytical procedures for connabinoids
and their metabolites in buman forengic samples as well es In C, safiva will be discussed.
Farthermaore, sorae dspects of medicingl lndications for AS-THC end its ways of admin-
sstration are deseribed. Finally, some synthetic cannehinofds and their importance in
research and medicine are delinested.

Heywords Tetryhydrocennabinal - Cannabis satfva - Anaiytical methads - Medicinal
upplicetions

1
Chemistry

1.1
Nomendature

Natural canuabinoids are terpenophenolic compounds that are only biosyn-
thesized in Cannabis sativa L., Cannabaceae. For these compounds five dif-
feremt. systems of nomenclature are available, well described by Shulgin {1]
and by HlSchly [2). Two of these systems are meinly employed for the de-
scription of tetrakydrocannabinol in publications — the dibenzopyrane num-
bering system (L.t in Fig. 1) and the terpene numbering system (1.2), based
on p-cymene, Because of historical and geographical ressons, the missing
standaxdization is not uniform and is the main reason for ongoing confu-
sion in the literature, leading to discussions regarding the nambering and
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{1.1) Dibenzopyrane (1.2) Terpens
numbaring system nurbering systam

fig.1 Commonly used numbering systems for cannabinoids

its order, As an example, the use of the terpene numbering system gives
the name Al-tetrehydrocannabinol; in coutrast, using the dibenzopyrane
numbering systemn leads to the pame A9-tetrahydrocannabinal for the same
compound, The dibenzopyrane numbering system, which stands in agree-
ment with IUPAC rules, is commonly used in North America whereas the
terpene pumbering system, following the biochemical nature of these com-
pounds, was originally developed in Burope [3]. According to TUPAC rules,
the dibenzopyrane system is used despite the fact that this system has a gen-
eral disadvantage because of a complete change in numbering after Joss of the
terpenoid ring, 2s found in many cannabinoids.

The chemical name of AS~THG according to the dibenzopyrane num-
bering system is 3—peuty1—5,6,9—1rimeﬁxyi—-éa,'?‘,8,10a~telrahydro-6H—dibenzo«
[b, d]pyran-1-ol as depicted in L1 (Fig. 1).

Alternatively, Ag-tetrahydrocannbinol or simply tetrahydrocannabinel is
frequently used in the scientific community. When using the short name te-
trahydrocannsbinol or just THG it always implies the stereochemistry of the
A9-isomer.

On the market are two drugs under the trade names of Dronsbinol, which
is the generic name of trans-A9-THG and Maringl, which it a medicine
containing synthetic dronabinol in sesame oil for oral intake, distributed by
Unimed Pharmaceuticals.

1.2
Chemical and Physical Properties of A9-THC

A9-THC (2.1 in Fig, 2) is the only major psychoactive constituent of C. sativa.
Tt is a pale yellow resinous oil and is sticky at room temperature. AS-THCIs
Tipophilic and poorly soluble in water (3 pgml1), with a bitter taste but with-
out amell. Furthermore it is sensitive to light and air {4]. Some more physical
and chemical data on A9-THC are listed in Toble 1. Because of its two chiral
centers at C-6a and C-10a, four stereoisomers are known, but only (-)-trans-
AS-THC {s found in the Cannabis plant [5]. The absolute configuration of the
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Fin2z Chemiced stroctures of gorte natural cannsbinolds

natural product was determined as (6aR,102R) [6]. Depending on the position
of the double bornd in the terpenoid ring six isomers are posaible, whereof the
A9-isomer and the A8-lsomer are most jmportant, Conformationsl studies of
A9-THC using NMR techniques were done by Kriwacki and Makryiannis [7].
The authors found that fhe arrangement. of the terpenoid ring and pyrane ring
of this compound is similar to the half-opened wings of e butterfly. An excellent



Chemistry and Biological Activity of THC 5

fable] Chemicel and physical properties of {~)-trans-AS-THC [4]

Malecular weight 3447

Tolecular formuln C21H3[102

Boiling peint 200°C (at 0,02 mm Hg)

Rotation of polarized light [y = - 150.5° (¢ =0.53 in CHCL)

UV maxima 275 nmm and 282 nim (in ethanol)

Mass fragments {m/z}* 314 (M-+); 269; 271; 258; 243; 231

pK, 10.6

Stability Wot steble in acidic solution
(fyz=1hat pH LG and 55 °C}

Partition coefiident 12091

(nctnnul!water)"

Solubdiity Highly insoluble in water (~28mg I ar 23°C)

3 These mass fragments were found by ur own measurementa
b In the literature, valuzs between 6000 and 9440000 can be found [102]

reviewby Mechoulam et al. has been published providing more information an
this topic and discussing extensively the sterecchemistry of cannabinoids and
A9-THG, with special focus on the structure-activity relationship {8].

T must be noted that A9-THG is not present in C. sativa, but that the te-
trahydrocannbinolic acid (THCA) is almost exclusively found. Two kinds of
THCA are known, The first has its carboxylic function at position C-2 and
is named 2-carboxy-A9-THC or THCA-A {2.2); the second has a carboxylic
function at position C-4 and is named 4-carboxy-A9-THC or THCA-B (2.3).

THCA shows no psychotropic effects, but heating (e.g.. by smoking of
Cannabis) leads to decarboxylation, which provides the active substance A%~
THC. AD-THC is naturally accompanied by its homaologous compounds con-
taining a propyl side chain (¢-g-, tetrahydrocenmabivarin, THCV, THC-Cs, 2.4)
or a butyl side chain (THC-Cy, 2.5).

1 !3‘
Further Natwal Cannabinoids

Seventy carmabinoids from C. sarfva have been described up to 2005 [2].
Mostly they appear in low quantities, but some of them shall be mentioned in
the following overview - especially because of their functions in the biosyn-
thesis of A9-THC and their ose in medicinal applications.

1.3.1
Cannabigerol {CBG)

Cannabigero! (CBG, 2.6) was historically the first identified cannabinoid [9].
¥ can be comprehended as a molecule of olivetol that is enhanced with
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2,5-dimethylhepta-2,5-diene. In plants, its acidic form cannshigerolic acid
{CBGA, 2.7} and also the acid forms of the other cannabinoids prevail. CBGA
is the first cannabinoidic precuzsor in the biosynthesis of AS-THC, as dis-
cussed in Sect. 2. Although the n-pentyl side choin is predominant in patu-
ral cannabinoids, cannabigerols with propyl side chains (cannabigeroyarin,
CBGYV, 2.8) are also present.

132
Cannabidiel (CBD)

The TITPAC name of cannabidiol is 2-[(1S, 6R)-3-methyl-6-prop-1-en-2-yl-1-
cyclohex-2-enyl)-5-pentyl-benzene-1,3-diol. Cannabidiol (GBD, 2.9) in its
acidic form capnabidiolic acid (CBDA, 2,20} is the second major cannabinoid
in C. sativa besides A9-THC. As alreedy mentioned for AS-THC, varigtions
in the length of the side chain are elso possible for CBD. Impoertant in this
context are the propyl side chain-substituted CBD, pamed cannabidivarin
(CBDY, 2.11), and CBD-C; {2.12), the homelogous compound with a butyl
side chain, Related to the synthesis starting from CBD to A9-THC as de-
scribed in Sect, 3.1, it was accepted that CBDA. serves as a precursor for THCA
in the biosynthesis. Recent publications indicate that CBDA and THCA are
formed from the same precussor, cannabigerolic acid (CBGA), and that it is
unlikely that the biosynthesis of THCA from GBDA takes place in C. safive.

133
A8-Tetrahydrocanpabinol {A8-THC)

This compound and it related acidic form, A8-tetrahydrocannabinolic acid
{A8-THCA, 2.13) are structural isomers of A9-THC. Although it is the
thermodynamically stable form of THC, AB-THC (2.14) contributes approxi-
mately only 19 to the totel comtent of THC in C. sativa. In the synthetic
production process, AS-THC is formed in significantly higher quantities than
in plants.

1.34
Cannahidiromena (CBC)

Among THCA and CBDA, cannabichromene {CBC, 2.15) and the acidic form
cannabichromenic acid (CBCA, 2.16) are formed from their common pre-
cursor CBGA. Besides CBC, its homelogous compound cennabiverol (CBCV,
2.17) with 2 propyl side chain is also present in plants.
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1.3.5
Cannabinediol (CEND) and Cannabinol {((BN)

Cannabinidiol (CBND, 2.18) and cannabinol (2.18) are oxidation products of
CBD and A9-THC formed by aromatization of the terpenoid ring. For the
dehydrogenation of THC a radical mechanism including polyliydroxylated in-
termediates is snggested [10,11}. CBN is not the sole oxidation product of
AD-THC. Our own studies at THC-Pharm on the stability of A9-THC have
shown that only about 15% of lost A9-THC is recovered as CBHN.

2
Biosynthesis of Cannabinolds

The hiosynthesis of cannabinoids can only be found in C. sativa. These
cannabinoids are praised for their medical and peychoactive properties. In
addition, the plant meterial is ased for fber, oil, and food production [12}.
Tor these applications it is important to gain konowledge of the cannabi-
noid biosynthetic pathway. As an example, fiber production is not allowed
if the plant contains more than 0.2% {dry weight) THC. Higher THC con-
tent is Mlegal in most Western countries and cultivation is strictly regelated
by anthorities. Interestingly, the content of other cannabinoids is of less im-
portance because no psychoactive activity is claimed for them. Furthermore,
for forensic purposes the information may be used to discriminate the plants
by genotype, which is correlated to the chemotype (see Sect.2.2), in the
early phase of their development. This may help both the cultivator and fegal
forces, Here the cultivation of illegal plants may be found and controlied by
both af them. For the cultivator, to exclude legally planted plants and for the
palice to control illegal activities by the cultivators or criminals. Moreover, the
information can be used by pharmaceutical companies and scientists, Here
it can be used for the studies on controlled production of specific carmabi-
noids that are of interest in medicine. For instance, THC has been investigated
for its tempering effect on the symptoms of multiple sclerosis [13], but GBG
and CBD may also have a role In medicine. Both CBD and CBG are related to
analgesic and anti-inflammatory effects [14, 15}.

In this section, the latest developments and recent publications on the
biosynthesis of A9-THC and related cannabinoids as precursors sre dis-
cussed. Special points of interests are the genetic aspects, enzyme regualation,
and the environmental factors that have an influence on the cannzhinoid
content in the plant. Because of new and inmovative developments in biotech-
nology we will give a short overview of new strategies for cannabinoid pro-
duction in plant cell cultuzes and in heterologous organisms,
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23
Bischemlstry and Blosymthesis

'The biosynthesis of major cannabineids in C. sattva is located in the glandu-
lav trachoma, which are located on leaves and flowers. Three known resin-
producing glandular trachoma are Jknown, the bulbous glands, the capitate
sessile, and the capitate stalked trichoma. It has been reported that the lat-
ter contain most cannabinoids [16]. The capitate stalked trichoma become
ahundart on the bracts when the plant ages and moves into the flowering
period. The capitate sesile trichoma show highest densities during vegetative
growth [17, 18].

As depicted in Fig. 3, in glandular trichoma the cannabinoids are produced
in the cells but accumulate in the secretory sac of the glandular trichomes,
dissolved in the essential oil [17-21]. Hexe, AS-THC was found to accumu-
lgte in the cell wall, the fibrillar matrix and the surface fearnre of vesicles
in the secretory cavity; the subcntiler wall, and the cuticola of glandular tri-
chomes [19].

As mentioned before, the cannabinoids represent a unique group of sec-
ondary metabolites called terpenophenclics, which means that they are
compased of a terpenoid and 2 phenclic moiety. The pathway of ter-
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Fig.3 Representation of maimre secretory gland origingted from C. sative. The separate

ents of the glandular trichome axe clearly shown, and the plnces where THC nc-
camulptes. Black areas nucei, V vacuole, L vesicle, P plastid, ZR endoplasmic reticolum,
Picture obtained from: kttp:lhmmhempmport.mmlisauesf17imafbody17.html
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penoid production is already teviewed exhaustively [22-25]. The pheno-
lic unit of cannabineids is thought to be produced vin the polyketide
pathway [26-28]. Both the polyketide and terpenoid pathways merge to the
cannabinoid pathway and this combination leads to the final biosynthesis
of the typical cannabincid skeleton. Here we will discuss the different as-
pects of the cannabinoid pathway for most already-found cannabinoids, lile
cannabigeralic acid {CBGA), tetrahyﬂrocnnnabinolic acid (THCA), cannabid-
jolic 2cid (CBDA), end cannebichromenic acid (CBCA). For convenience the
abbreviations of the a idic form will be used through this section becouse

HO

+
| HO
@1 (32}
{B)
OH

e COOH

l HO
3.3)
. {d}
(©)
&)
OH
(o] CHa
(3.8)

3.4)

Fig.4 Biosynthesis of THC and related cannabinoids: & GOT, b THCs, £ CBDs, d CBCs
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they accur as genuine compounds in the biosynthesis. ‘Under plant physiclog-
ical conditions the decarboxylated products will be absent or be present only
in small amounts.

The late cannabinoid pathwey starts with the alkylation of olivetolic acid
(3.2 in Pig. 4) as polyketide by geranyl diphosphate (3.1) as the terpenoid unit,
Terpenoids can be found in all organisms, and in plants two terpenoid path-
ways are known, the 80 called mevalonate (MEV) and non-mevalonate (DXP)
pathwey as described by Hisenrich, Lichtenthaler and Rohdich [23,24, 29, 30,

whereas the DXP pathway as major pathwey is located in the plastids of the
plant cefls [29] and delivers geranyl diphosphate as one important prectrsor
in the bicsynthesis.

The polyketide pathway for olivetolic acid is not yet fully elucidated. It is
agsumed that a polyketide 111 synthase will either conple three malonyl-CoA
units with one hexanoyl-CoA unit [26], or catalyze binding of one acetyl-
CoA with fonr malonyl-CoA units [28] to biosynthesize olivetolic acid [26-
28,31, 32]. Olivetolic acid as precursor for AS-THC contains a pentyl chain in
position C-3 of its phenolic system, but shorter chain lengths have also been
observed in cannabinoids {33]. These differences in chain length support the
hypothesis of production by a polyketide, asitis a known feature of these
enzymes [34]. It was recently described that crude plant cell extracts from
C. sativa are able o convert polyketide precursors into olivetol [26]; however
here no olivetolic acid was detected. On the contrary, FPellermeier et al. [32]
showed that only olivetolic acid and not olivetol could serve in the enzymatic
prenylation with GPP or NPP. An older article described that both clivetol as
olivetolic acid cen be incorporated, Here the incorporation of radipactive la-
beled olivetol has been detected in very low amounts and oltvetelic acid in
high amounts. These reactions were performed in planta, whereas the pre-
vious reactions were performed in vitro [35]. It still remains unelesr which
structure, olivetol or olivetolic acid, is really preferred. Horper [36] and later
Rafiarjo [26] suggested that the aggregation of the enzymes could prevent the
decarhoxylation of olivetolic arid. This explanation suggests that the enzymes
are either combined or closely located to each other so that the olivetolic acid
is placed directly into the site responsible for prenylation. This hypothesis has
still fo be proven, but supports the fact that olivetolic acid cannot be found in
Cannabis extracts [35].

Until recently no enzymes able to produce olivetol-like componnds have
been isolated. In an articie by Fune etal., polyketide [l enzymes were respon-
sible for the formation of phenotic lipid componnd [34], a natural product
group that olivetol belongs to. Although the biosynthesized compounds con-
tained a longer chain, which increased over time, the study supported the
hypothesis of olivetolic acid production by a polyketide ITI synthase. Further
studies on the genetic and protein level are essentiad to elucidate the mode of
mechanism by which olivetalic acid is formed in C. sativa.
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The precursor of the major canngbinoids is proven to be cannabigeralic
acid (CBGA, 3.3) [32, 35}, The formation of this compound is catalyzed by
an enzyme from the gronp of geranyltranaferases [28,32]. This enzyme was
studied in crude extracts made from young expanding leafs, were it exhibited
activity only with olivetolic acid as the substrate. Despite the fact that no se-
quence has been published ye, the enzyme was designated geranylpyrophos-
phate: olivetolate geranyltransferase (GOT). Recently {371 the structure and
characterization of 8 geranyltransferase, named orf-2 and originating from
Streptomyces CL109, was reported. The authors clnimed that the enzyme is
able 1o geranylate both olivetol and olivetalic acid and thus it may be highly
similar to the CBGA synthase. Although the authors made this firm statement,
they based it on the results obtained by thin layer chromatography. For can-
frmation of this activity more precise analytical technigues, like LC-MS or
MMR, must be performed fot structure lucidation of the product produced.
Although we have more information about GOT than about polyketide syn-
thase (see Table 2), the mechanism of activity remains uncertain. This means
more stadies must be performed to obtain the gene sequence,

The last enzymetic step of the cannabinoid pathway is the production of
THCA (3.5), CBDA (3.4) or CBCA {3.6). The compounds are produced by
three different enzymes. The first enzyme produces the major psychoactive
compound of cannabis, THCA [21,38]; the second and third are responsible
for the production of CBDA. [39] and CBCA [40], respectively. All of these en-
zymes belong to the enzyme group oxidoreductases [38-41], which means
that they are able to use an electron donor for the transfer of an electron
to an acceptor. From these enzymes only the THCA and the CBDA synthase
gene sequence have been eludidated. Their product also represents the highest
constituent in most C. sativa strains.

The enzjme responsible for THCA. formation is fully characterized and
cloned into several heterologous prganisms, When clopedine host organism,
the highest activity was mostly seen in the media. Hete the only exception was
the introduction of the gene into hairy root culiures made from tobacco [42].
Studies Perfqrme.d on the enzyme sequence indicated that it confained a sig-
nal sequence upstream of the actual enzyme. This was found to be 28 amino
arids (84 bp) long, suggesting that the enzyme, under native conditions, is lo-
calized to another place thian wherz it is produced., Leter studies proved that
the enzyme is Jocalized in the storage cavity of the glandular trichomes 21l
In the first publication it was determined that no cofactor is used by the en-
zyme {41], but this research was performed with purified protein fromi the
C. sativa extract, Later studies indicated that a favin adenine dinuncleotide
(FAD) cofactor was covalently bound to the enzyme, This was later confirmed
by nucleotide sequence analysis in silico, revealing the binding motive for the
PAD cofactor. .

CBDA synthase is though to be an allozyme of THCA synthase and ghows
87.9% identity on a nucleotide sequence level. Although the sequence of this
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gene is known [43], there are nio Teports of studies where they produced and
characterized it. All information gained about the enzyme was obtained nsicg
purified protein from C. sativa extracts [39]. Although not tested yet, the de-
posited sequence shows the same conserved FAD binding motive as found
and proven for THCA synthase. Because the CBDA synthase carries the same
signal sequence as the THCA synthase it suggests that the CBDA is Incalized
in the same place as the THCA synthase.

Far CBCA synthase hardly any information has been published. The en-
zyme was characterized after it was purified from C. sativa extracts and until
this moment no sequence has been deposited. After purification of the pro-
tein it was found to be 2 homodimeric enzyme, meaning that enzyme Is
formed by two identical domains. This was observed after the purification,
when the enzyme had a molecular weight of 136kDa, and after denatured
electrophoresis, when [t had a molecular weight of ~ 71 kDa. Furthermore,
the CBCA syxthase bas shown to bear bigher affinity for CEGA (1717 M1
than THCA synthase and CBDA synthase (respectively 1362 M5! and
1492 M~'s~Y), which is probably due to its homodimeric nature [40].

From the biosyuthetic route a lot of knowledge bas been gathered through
the years. Up to now only one enzyme has been reasonably characterized,
but much information has been gained through crude extract activity stadies.
This information has already proven to be 2 solid basis for genetic testing and
will be useful for further investigations of the biosynthetic route. Although
it must be stated that high polymorphism is detected in the genes [44] and
high genetic diversity found within, C. sativa can still give unexpected results
in other investigations. The information gained from the research reported
above i3 already used frequently in the breeding and detection of certain
chemotypes and for the development of new ones, as We will see in the next

gecton.

2.2 )
Genatics of Copnabis Sausva

The majority of C. sativa stroins exist as o dioeciousty (separate sexes) plant
species and are wind-po inated. Pnder normal conditions itisan anpual herb,
although longerliving C. sativa have been observed [45, 46), Some Gannabis
strains appear as monoecions (containiog both male and female parts} cuiti-
vars, such ss the Ukrainian cultivar Us03! [47), or as hermaphrodites. Most
of these cultivars are not seen in nature. It is estimated that only 6% of the
flowering plants are dioecious and generally they are seen 43 the most evolved
species within the plant kingdom [48,49]. The C. sativa genome is normally
a diploid one and contains fen chromosome pairs (2n = 20). Heze, eighteen
are autosomal and two are sex-linked chromosomes. The genome was meas-
ured in both female {XX) as well as in mele plantz (X¥). In contrast to animals,
the male genome was found to be bigger by 47 Mbp [50, 51} It must be stated
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that dioeclous plants are able to change sex during their development. This
ability is mostly used as a strategy for survival, however it can be chemically
indnced. Within the C. sativa species lots of phenotypes are known. Generally
the C, sativa plant are believed tobe a monotypic species [47] called Cannabis
sativa L, with further divisions in subspecies, However, Hillig [46] showed, by
allozyme analysis in combination with morphological traits, that a separation
may be made between C. safiva L. and the €. indjca Larm. He also snggested
a putative third one named C. ruderalis Janisch. The polytypic species within
C. sativa was alrendy saggested several years ago when the plants were deter-
mined only by their phenotypic traits or drug potential properties [46}. There
iz still discassion sbout whether or not the C. sativa species are monotypic or
polytypic, but in most literature they are teferred o as C. sativa with farther
division into the subspecies indica or ruderalis.

C. sativa is mostly divided into three major chemotypes. The chemotypes
boundaries are set by the ratioc CBD : THC and are calculated as percentage of
dry weight. These three chemotypes consist of the “fiber”-type (CBD > THC},
the “intermediate”-type (CBDTHC) and the "drug”-type (CBD < THC). The
chemotypes have been recently shown to be dependent either on one locus
on the chromosome, or two closely linked lod [47], but the former theory is
the most likely one [52-54]. The locus is called the B locus and until now itis
proven to consist of at least two alleles, namnely By and By. There is also an indi-
caton for a third allele, This onewas named By and seems to beesponsible for
a CBGA-dominant chemotype [54]. The alleles, B, and B4, show co-dominance
and the By allele is recessive or an inactive By allelz, The By is believed to be
an inactive By silele becanse it can be indicated by maolecular markers spe-
cific for the CBDA gene (B allele). The evidence for these alleles was gained
by breeding with chemotypes and molecular analysis [47]. In crossings made
with fiber-type and drug-type, the intermediate chemotype was obtuined as
offspring, [ntercrosses of these F1 plants gave a representative Mendelian ratio
(1:2:1) of chemotypes. This Mendelian ratio suggests that one locus is re-
sponsiblefor the chemotypes. Yarthermare, Pacifica et al, [47] proved, with the
help of multiplex PCR, that a 100% identification of specific chemotype (from
the three accepted chemotypes) could be made. This muliiplex PCR was per-
formed with three primers, one of which was designed to anneal with both the
THCA synthuse and the CBDA synthase gene, while the other two were spe-
cific for one ar both. The resnlts showed that the interinediate chemotype was
heterozygote and thus contained both the CBDA synthase and the THCA syn-
thase genes. The drug- and the fiber-type were shown to be homogeneous for
the THCA synthase and the CBDA synthase genes, respectively. Although the
genes are not themselves detected, their products are. For instance, the fiber-
type group thatis shown to be homogenous for the B allele, still produces low
amotmnts of THCA. Tt is thus still possible that the homogeneous type carries
the THCA synthase gene; however, itis not detected due to the polymorphisms
within the gene, as shown by Kojona et al. [44].
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Recently it has been suggested that there are two more chemotypes. The
first {chemotype 4) has a high content of CBGA (B allele) and the second is
a strain totally lacking cannabinoids [47]. These strains are of interest because
they can serve as good and szfe strains for the production of fiber.

2.3
Enviconmental Factors

Canitabis seems to resct to several environmental influences. The most
known are hydration, soil nutrients, wounding, competition and UV-B radia~
tion. Proper use of these environmental influences can increase the glandular
density and the cannabinoid content. Environmental factors have also been
shown to Induce sex change in C. sativa. Moreover, when some chesmnotypes
are grown in a different environment their cannabinoid content seem to be
changed. With genetic analysis it ronst be possible to determine if a strain
is indeed a fiber strain or if it is an intermediate strain that has been sup-
pressed for its cannebinoid content due to the environment of cultivetion.
Some of the major environmental factors influencing the cannabinoid content
are described below. It must be stated that environmental stress also affects
the growth of the plant

2341
Dehydration

In times of less accessibility of water, the plants seem to increase the cannabi-
noid content. Jt is suggested that the plant will cover itself with the oily
cannabifoids to prevent water evaporation, For instance Sharme (1975)
found increased glandular trichome densities in the leaves of Cannabis grown
under dry circomstances [55].

232
Hutrients in Soil

It is clear that the nutrients in soil ave impostant for plant development and
that a good putrient supply within the soil gives healthy plants. However, no
profound research results have yet been published on the most optimel soil
conditons.

233
Light

Light has a major influence on plants, and for Cannabis plants it is mostly
important for growth and flowesing. Long daylight induces strong vegetative
growth and shorter daylight leads to flowering of the plants. Furthermore, it




has been shown by Lydon et al. that the level of THC increase is linear with
the increase in UV-B dose [56-58].

2.4
Growing of Cennabis Sativa and Optimization of THC Vield

241
Cudtivation of Cannabis

C. sativa is cultivated for several purposes. Actually, the main legal purpose is
the production of hemp fibers end pulp. From these materjals paper, clothes
and ropes are made [12] and several Western cotntxies have already legal-
ized the cultivation of . sativa for these purposes. In resenxch, the drog-type
of C. sativg is also cultivated, however, only for the investigation and de-
termination of forensic studies for chemotype separation. The growth for
medicinal purposes is hardly performed. In the Netherlands C. sativa is cd-
tivated for medicinal purposes under strictly controlled regulations by the
company Bedrocan, In this chapter we discuss basic aspects of the cultivation
of C. sativa and the optimization of THC content in the plant.

242
optlmization of THC YVield

The optimnizetion of THG yield is mostly performed through breeding pro-
grams. Because of the illegality of the plant in most countries, it is performed
on small scale or by Blegal drug cultivators. In the previous section we have
already discassed the fact that cannshinoid production is mostly genetically
determined, This knowledge could thus be used to increase the production of
certain compounds and decrease the others. Furthermore, the total THC yield
is dependent on the amount of accessible precursars znd the leével acceptable
for the plant.

Within the C. sativa strain the total content of cannabinoids varies. In
THCA-dorninant plants varistions have also beent noted. Some have low de-
tectable amounts of CBDA. whereas others have nome. Furtheemore, soine
plants have been shown to contzin detectable amounts of CBGA while others
had none. There is still a question as to what extent THCA production can be
increased in the plant by breeding programs and genetic modifications. From
the genetic point of view it should be noted that the yield of THC is not only
dependent on the By allele, but also depends on the amount of biomass, the
density of trichomes, and the production of precursoxs indicating 2 complex
spectrum of different possibilities for professional plant breedezs, The yield
of THCA in THCA-dominant plants caz be increased by environmenial inflo-
ences. In coltivations of the drug-type, mostly done by illegal cultivators, the
mele plant is excluded from the field. The background is that this will induce
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more biomass of the female plant because it cannot be inseminated. But, the
exclusion of male plants will not give a more constant increase of THC yield.

Genetic modification seems to be an option for increased yield since the
THCA production is mainly dependent on genetic factors (see Sect. 2.1). Here
we could think of increasing glandnlar trichoma densities, increasing precur-
sor production, increasing enzyme activity and knocking out enzymes that
use the general precursor of THCA (CBGA). Applying some of these tech-
nignes have already shown an increase in the amount of secondary metabo-
lites in microbiel organisms.

As stated above, breeding programs could increase the to tat yield of THCA.
Within C. sativa there are many phenotypes, e.g., while one has the ability to
grow over a few meters high, ancther stays srall, Purthermore, variations in
glandular trichoma densities have also been observed in THCA content and
ratios. By combining the phenotypes of various plants with each other, a plant
could be grown that is large in growth, high in glandular trichoma dens-
ity, or high in THCA content. Through breeding techniques Meijer et al. [54]
have already created a high CBGA-producing plant and in the drug culture
the same has been reached for THCA [59]. In the latter, preparations were
found containing more than 20% THC, while in the literature and exported
Cannabis the normal values lie at 6-10%.

243
Connabis Standardization

Just Jike all herbal medicinal preparations, C. ¢ativa should be standardized
if extracts or whale plant material are to be used for medicinal purposes. Ba-
sic requirements are that all detectable constituents should be known, but
also a sustajnable quality control system must be established to achieve the
same quality over all batches. For industrial use of cannabis, standardization
could zlso be necessary to equalize the guelity of the product. Howevet, it
must be stated that cultivation for this purposes is mostly performed out-
doors. Outdoor growth makes standardization of the product difficult due to
the environmental changes. For this reason the Dutch medidinal C. sativa is
grown under strictly controllable conditions, and therefore indoors, by the
company Bedrocan. At this company clones are used for breeding to main-
1ain high standards for quantity and quality. After a strictly selective breading
procedure a plant line has been established fulfilling a1l criteria as a herb for
medicinal use.

25
Altarnative Production Systems for Cannabinoids

It is clear that production of cannabinoids should be controllable to obtain
a constant quality of certain cannabinoids. With the knowledge of the biosyn-
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fhefic route towards caunabinoid production it is now possible to develop
binlogical production systems BS a0 alternative to chemical synthesis. The
major advantage of biological systems is not only having the right natural
product by structure, but also the only isomer in high yield, Here, three al-
ternative production strategies ere introduced. Although two of them are giill
hypothetical, it should be possible to be realize them in the near future.

5.1
Celt Cultaras

In the literature several reporis can be found on. the growth of callus and
cell suspension cultures {60-62}, Most of them document that no cannabi-
noids can be found within, these cultures. Although one article by Heitrich
and Binder [60] mentioned that variations in media can induce cannabincid
secretion, no second report could confirm these results. Callns and cell sus-
pension are induced by ‘standard techniques for plant cell manipulation. The
indnction of callus secms to vary per C. sativa variant [61}. To obtain cell
suspensions from the callus, the same media js used as for callus growth,
with the ezception of agar aa solidifier, In the literature, the cell suspensions
made from C. sativa callus are mostly used for bioconversion studies, There
is one report that described the use of cennabinoid precursors to determine if
canngbineid production can be induced by feeding with specific biosynihetic
precursors {60]. When production of cannabinoids can be achieved in cell
culteres from C. sativa material, it pouat still be considered that canmabinoids
are toxic to the plant cell itself. These compounds induce the apoptotic re-
sponse {21}. Thus, at high levels of cannabinoid content, techniques have tobe
developed to extract them from the growth media for continuous production.

152
Tmnmsgenir. Plangs

Although the use of transgenic plants is oot generally accepted for medicinal
herbal preparations transgenic plants could be used to express certain prefer-
able traits, The TECA yield could be increased by manipulation of metabolic
pathways or by making knock-outs of biasynihetic genes. With the use of
these techniques, the plant could be made resistant to certain parasites and
diseases. General plapt manipulating strategles can be used fo obtain trans-
genic plants, There is no literature available for the production or nse of
transgenic C. sqtiva plants.

Af the moment, strategies for the production of transgenic plants are al-
ready used for maize, tobacco, potato, and rice. The main purpese is to
increase their resistance toward diseases [63]. Some plants also get newly
introduced products, such as vitamins [64]. Another purpose of transgenic
plants is their nse for production of vaccines; for instance hepatitis B vaccine
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in potato plants [65}, The examples shown here are a selection of many to
show the possible transgenic plants uses.

253 .
Heterologous Expression of Cannabinoid Blosynthetic Genes

Until now there have only been two reports on heterologous expreszion of
C, sativa origin genes into host organiams. In these Teposts the yenst Pichia
pastoris, hairy root cultures of tobacco, BY-2 tobaeco cell cultures, and insect
cells were used to prodnce the THCA synthase enzyme [38,42]. In the liter-
ature, the use of heterologous expression of plant metabolic enzymes have
been shown to be usefit in the production of several compounds [25]. The
same strategy is probably useful for the production of cannabinoids. The pro-
duction of cannabinoids will probably ask for specific cultivation parameters
because same of lts constituents may be toxic to the host in certain concentra-
tions. One method could be a constant refreshment of the growth medinm. To
date, no publications discuss the efforts of using the heterologous production
of cannebinoids. This strategy could be, however, of high interest to phar-
macentical companies when some cannebineids are approved for medicinal
nse.

3
Chemical Synthesis

3.1
$ynthasts Routes for AS-THC

After identification of A9-THC as the major active compound in Cannabis
and its strucfural ducidation by Mechoalom and Gaond in 1964 166], alot of
work was invested in chemical synthesis of this substance. Analogous to the
biosynthesis of canmabinoids, the central step in most of the A9-THC synthe-
ses routes is the reaction of a terpene with a resorcin derivate {e.g., olivetol).
Many different compounds were employed as terpenoid compounds, for ex-
ample citral [67], verbenol [68], or chrysanthenol [65]. The employment of
optically pure precursors is inevitzble fo get the desired (-)-irans-A9-THC,

A general problem during the synitieses of A9-THC is the formation of
the thermodynamically more stable A8-THC, which reduces the yield of
AG-THC. It is formed from A9-THC by isomerization under acidic condi-
tions. While the usage of strong acids such as p-TSA or TFA leads mainly
to AB-THC, the yield of A9-THC can be increased by employmment of weak
acids, e.g,, oxalic acid [70],

Recently the most employed method for the production of AS-THC on
industrial scale is the condensation of (+)—p-mentha—2,8-dien—1~ol (5.1 in
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Pig, 5) with olivetol (5.2) in the presence of boron triflucride etherate,
BF3-0C(CaHs)a with CBD as a key intermediate. This one-step synthesis of
A9-THC is also used for the production of synthetic dronabinol, which is
gsed in the medicinal application named Marinol. The mechanism of this
synthesis js particular deseribed by Rezdan et al. [71] and is shown in Fig. 5

OH OH
: GeHyy

HO
A (& _2_)
(5.1} l(al
H
+ /é
vt 0 cH
A -BF (f 5 11
5.3) {54)

e
no - Gt ud oH

{65) (56)

N

' :
0 oH KK oH
— ~
HO Ca”ﬁ 41\0/ = CBHH 0 & caHﬂ
57

{5.8) (5.9

Fig.5 Commonly nsed synihesis of A9-THC {a) BEs*0{C;Hs)2/DCM/ME:804



Chemistry and Biolpgical Activity of THC 21

with the most important side products, There are two possibilities for the
condensation of the active terpenoid moiety (5.3) with activated ofivetol (5.4).
The fusion of these compounds leads to two intermediates, normal CBD (5.5,
which has the same structure as nataral CBD, and “abnormal® CBD (5.6)
with transposed pasitions of the pentyl side chain and a hydroxy group.
Fortunately; the latter compound is less stable than the normal CBD and
decompensates more easily. The normal CBD directly undergoes & further
cyclization to A9-THC (5.7). If the double bond in the terpenoid ring is used
for the cyclization, a isomeric compound pamed isp-tetrahydrocannabinol
(is0-THG, 5.8) will be formed. The reaction has to be stopped here otherwise
the atable isomer AB-THC (5.9) arises by decrensing the yield of A3-THC. Pu-
rification of the reaction mixtare is implemented as 2 liquid chromatographic
process using a silica-based stationary phase and a weak polar eluent (e.g.,
heptane with 2% fert-butyl methyl ether). Further cleaning up is possible
with vacuum distillation procedures.

32 .
Synthasis of Ag-Tetrahydrocannabinol from Natural Cannabldlol
{Semisynthetic AS-THC}

As discussed, the cultivation of C. sativa with high content of A9-THC (drug-
type) is not ellowed in many countries, Becanse of this, there is no op-
portunity to harvest a high amount of the medicinally important suhstmnce
A9-THC directly from plant material. In the synthesis route for semisynthetic
AB-THC, natural CBD from fiber hemp plants is employed. It can be extracted
with non-polar solvents snch as petrolenm ether and purified by recrystalliza-
tion in n-pentane. This procedure avoids the formation of "abnormal” CBD
and gives the opportunity to produce AS-THC from fiber hemp, Semisyn-
thetic A9-THC is distinguishable from the synthetic componnd because it
contains, besides the major product, small amonnts of AS-THG-C3 and AS-
THC-C4, which are not available in the synthetic product.

3.2
Derivates of A9-THC

Most relevant for the affinity for A%-THC and analogs (o CB-receptors are
the phenolic hydraxyl group at C-1, the kind of substitution at C-9, and the
properties of the side chain at G-3. Relating to the structure-activity rela-
tionships (SAR) between cannabinoids and the CB-receptors, many different
raodified strectures of this substance group were developed and tested. The
raost important variations inclade variations of the side chain at the olivetolic
moiety of the molecules and different substitutions at positions C-11 and C-2.
Qne of the most popular analogous compounds of A9-THC is HU-210 or {~)-
trais-11-OH-AS-THC-DMH, » cannabinoid with a V,1-dimethylheptyl side
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chain (8.1), I was constructed in consideration of SAR and hag a potency that
is ahout 100 times higher than that of A9-THG itgelf, while its enantiomer
HU-211 {Dexanabinol, 8.2) does not show this property [8]. In the synthesis
of HU-210, 5-(1,1-dimethylheptyl)-resorcin is merged with modified [15,5R]-
myrtenol [72].

MNabilone (8.3) is a 11-nor-9-ketohexahydrocannobinoid with a 1,1'-
dimethyiheptyl slde chain, Ftis 2 synthetic analogous compound of THC and
is distributed as Cesamet. Usege of diethyl-w-acetoglutarate as “terpenoid”
module in the synthesis of A9-THC gives pabilona as an intermediate [73].
In spite of the fact that this synthesis was developed for the forming of AS-
THC it also could be nsed for the synthesis of nabilane. A newer synthesis
route is described Yy Arxcher et al. [74]. The pentyl side chain homologous
compornd of nabilone, 11-nor-9-ketohexahydrocannabinel, is a useful pre-
corsar in the chemical synthesis of the major metabolites of AS-THC, e.8.
11-nor-9-carboxry-A9-THC (THC-COOH) 751

Direct oxidation of A9-THC at position C-11 involves mainly an iso-
merization 1o A8-THC; 2nother oppertunity in the synthesiz of A9-THC-
metabolites 5 the pretrestment of terpenoid synthons by introduction of
protective groups; &8, 1,3-dithiane (6.1 in Fig. 6) followed by the conden-
sation with olivetol (6.2) [76]. The formed product is a protected derivate
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of AS-THC (6.3), which will be modified further. Protection of the phenclic
group by esterification, for example, is necessary before the removing of the
1,3-dithisne masking group with mercury oxide. The corresponding aldehyde
(6.4) can be further oxidized. Deprotection of the phenolic group by alkalic
hydrolysis gives the 11-nor-9-carboxy-AS-THC (THC-COOH, 6.5), Under re-
dnctive conditions (NeBH, or LiAlH,} the corresponding alcohol is formed
from the aldehyde, This leads to 11.0H-THC (6.6), which is the first major
metabolite from A9-THC formed in humsas [771.

When [PH]Habeled precursors are employed the resulting compounds
can be used as internal standards for analysis, especially by utilization of
mass spectrometric methods. Appropriate denterated standards are shown
in Fig. 7. The intreduction of deuterinm into the A9-THC precursors cam
be dope with Crignard reagents such as C[2H3)Mgl or reducing substances
such as LAI[2Hy], The general procedures for the synthesis with these [*HI-
labeled precursozs are the same as described above for the unlabeled com-
pounds [76, 78].

7.5)
fig.7 Deaterated snd brominated connebinoids as internal analyticel standards
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While the compounds described above contzin findrmentally the cannabi-
noidic structure, there are also compounds with radical changes but which
still show high affinity to CB-receptors, Exchange of oxygen with nitrogen in
the pyran ring leads to2 phenanthridine strociure, which can be found in lev-
onaptradal (8.4 in Fig. 8). A compound with total loss of the heteracyclic ring
is CP-55,940 (8.5). It can be comprehended a& 2 disubstituted cyclohexanole
and was synthesized by Plizer in 1974, This compoumd was never marketed
becanse of its high psychoactivits but it is often used for CB-receptor bind-
ing studies {79]. Another proup of multicore chemical compounds based on
the indol structure as a central ‘module in these molecules also shaws affinity

#1) (82)

18.3)

{6.5)
Fig.8 Synthetic derivatives of A3-THC
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to CB-receptors. The prototype of this dass of aminoalkylindole camnabi-
noids is the substance named WIN-55,212-2 (8.6), which is quite gimilar to
pravadeline, an anti-inflammatory drug [80].

4
Amalytics

4.1
Detsction of Cannabinolds i Plant Katerfal

The chemical composition of C. sativa is very cornplex and about 500 com-
pounds in this plant are known. A complete list can be found in [81] with
some additional supplementations [2,82]. The complex mixture of abeut
120 mono- and sesquiterpenes is responsible for the characteristic smeil of
C. sativa. One of these terpenoic compounds, carophyllene oxide, is nsed a3
leading substance for hashish detection dogs to find C. sativa material [83]. 1t
is a widespread error that dogs that are addicted to drugs ave employed for
drug detection. A9-THC is an odorless substance and cannot be sniffed by
dogs,

The aim of the analysis of cannabinoids in plants is to discriminate be-
tween the phenotypes (drug-type/fiber-type). Quantification of cannabinoids
in plant material is needed if it will be used in medicinal applications, e.g. in
C. sativa extracts. The ratio betwesn AS-THC and CBN can be used for the
determination of the age of stored marijuana samnples (84l

411
Analytical Methods for Detection of AS-THC
and Other Cannakinoids in Plants

Many methods for determination of cannabinoids in plant materjal have been
developed. Commonly HPLC or GC is used, often in combination with mass
spectrometry. Molecular techniques are also available to detect these com-
pouxnds and will be discussed in this secton.

4.1.11
Sample Preparation

Usnally the fisst step is an extraction of the desired componnds from
plant material. This extraction can be done by different solvents, eg.,
methano! [85], n-hexane [B6], petroleum ether or solvent mixtures such as
methanol/chloxoform [87). The use of a second liguid-liquid extraction (LLE)
with 0.1 M NaOE efter extraction with a non-polar sotvent like n-hexmne
makes a separate analysis of acidic cannabineids possible, which can be found
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s
as their salts in the water phase {86}, These methods are useful for analysis
of plant compartments fike flowers or leaves, whereas for seeds a solid phase
extraction (SPR) is preferred because of their very low content of cannabi-
naids [88]. The extracts are commonly used directly for analysis. For analysis
of acidic cannabinoids, as they normaelly appear in plant material, vsing GC-
based methods a previous derivatization of the analytes is nsually necessary.

4112 .
Gas Ciromategraphic Methods {Gf)

GC i commonly nsed for the analysis of cannabineide, mostly in com-
hination with mass specirometry {(GC-MS). Despite the fact that a lot of
Adifferent cannebinoids are known slmost all of them can be separated by
using silica-fased non-polar columna. It is not possible to use GC-bused
methods for profiling of C. sativa gamples. The high temperatures that
are used in GC cause the decarboxylation of acidic cannabinoids. To de-
tect an acidic cannabinoid such as THCA together with its nentral form
such 8s AY-THC, a derivatization is required. This procedure incresses
the stability of the compounds whereas their volotility is maintained. The
rmpst often psed reagents for dertvatization of cannabinoids in herbal sam-
ples are compounds that introduce trimethylsityl groups (TMS) into the
analytes, for example N,0-bis (trimethylsilyl)txifuomaceta.mide {BSTPA), N-
methyl-N: (trimethylsilyDtriftuoroncetamide {MSTEA), or N-methyl-N-(ters-
' butyldimerhylsilyl)triﬁuomacetamide (MTBSTEA). Purthermore, mixtures of
these componnds with cetalysts, &8 trimethylchlorosilane (TMCS), are used
for a quantitative derivatization {89]. While the employment of established
detectors such as the Hame jonization detector (FID} or electron captuxe de-
tector (ECD) can only give information gbout fhe quantity of a compound,
the nsage of mass spectrometry (MS) provides additional information shout
the sructures of detected compounds becanse of thefr characteristic freg-
mentatin. For the guantification of cannabinoids three-, six-, or even tenfold
deuterated compounds quch as shawa in 7.1, 7.2 and 7.3 (Fig. 7) are often
used as internal standards. The fragmentation of cannabinoids in mass spec-
trometry is extensively explained by Harvey and the interested reader can find
more information about this topic in [30]. A table of about 5 cannabineids
containing free, derivated, and denterated compaunds with their typical Zass
fragmentations has been published by Raharjo and Verpoorte {89].

4113
Liquid Chromatographic Methods {(HPLC)

In comparison to GG, an advantage in using HFLC is that there is no decom-
position of the acidic forms of cannigbinoids, Commonly reversed-phased
(RP) materials are used as the stationary phase. Mostly the octadecyl-type
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(C-18) is employed. Purthermore, the employment of a guard cartridge con-
taining the same material as used as for the stationary phase is normally
recommended. Typical mobile phases are mixtures of methanol and water or
acetonitrile and water, acidified with phosphoric acid or formic acid. While
for the separation of the main cannabinoids {AS-THC, CBD and CBHN) an
isocratic method is sufficient; the separation of all cannabinoids meakes a gra-
dient elution necessary [87]. The use of a photodlode array detector (PDA) is
recommended for identification of herbal cannabinoids because of their char-
acteristic UV specira. i @ PDA is used for the detection of cannabinoids A8-
THC can be employed as an internal standard {91]. According to the law of
Lambert-Beer a quantification of cannabineids based on the strength of the
absorption signal is possible. An excellent summary of the most insportant
cannabinoids with their UV spectra and other specific analytical data can be
found in [92]. As described in the section on GG-based methods, the employ-
ment of mass specirometry gives the opportunity to identify the stroctures
comblned with a better limit of detection (LOD), whereas the nse of a UV de-
tector lacks this sensitivity. Another possibility structural identification gives
the coupling of HPLC with NMR. The interpretation of [YH]-signals that are
apecific for different substances can also e used for quantification [93].

4114
Immunologically Based Technigues

The enzyme-linked immunosorbent assay (RLISA) technigue is often used in
laborataries for detection of proteins, but it is also possible to detect small or-
ganic molecules by this technique. This assay is based on antibodies that bind
with high affinity to certain molecular structures. "Testing of cannabinoids by
antibodies has been under investigation since the 1970s. The first detections
were performed with radiclabeled antibodies made by injection of conju-
gates from THC, its hemisuccinate, and bovine serum albumin [94]. It was
found that the antibody was able to detect cannabinoids and its meiaholites
from urine and plasma collected from tabbits administered with intravenous
cannabinoids. In 1990, Elshoy et al. proved their antibodies to be specific for
cannabinoids and related metabolites [95]. Furthermore, they tested against
human cannabinoid metabolites excreted via urine and showed that the anti-
bodies against plant cannabinoids wexe also highly selective and did not bind
to any of the non-cannabinoid phenalics. In the earky days these studies were
all performed with polyclonal antibodies, later monoclonal antibodies were
tested and documented the same results [96,97]. These antibodies may elso
be used for research. Far instanee, labeled antibodies have been used against
the THC structures to show that THC structures accomulate in the glandular
trichama. Moreover, with this technique it was possible to detect the specific
place of sccumulation within the trichoma [19], This indicates that detection
by antibodies has an added value over other detection methods such as HFLC
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and GC. It is thus possible to use thege tests either with enzyme, fluorescent or
radinactive labels to detect cannabinoids and their metabolites.

4.1.4.5
Molecslar Markers and PCR

These detection mechanisms are not able to desect the small arganic shructure
of the cannabinoids. These techniques axe designed to make a selection be-
tween plant matevial on a genetic basis. For instance, by the use of only three
polynuclectides (primers) and by the use of PCR, discrimination of the major
chemotypes (as discussed in Sect. 2,2) was possible. ‘Within the groups selected
PCR allowed 1009 identification of the chemotypes without any cross reactiv-
ity [47). Turthermore, by a simple PCR technique (two primers used) a separa-
ron could be made between drug-type and fiber-type plants [44]. However, jt
must be stated thata very smell number of plants was used and even then poly-
morphism on the THCA synthase gene was found. The PCR technigue cannot
be used to detect cannsbinoids itself, bat maybe it will be of value in plant
breeding and cultivation, Furthermore, it may find its place In the detection
of flegal C. sativa (drug-type) within a population of legal (fiber-type) culti-
yated plants. Howeves, for this technique, it would be convenient to have the
genome of the C, safiva plantsequences. ‘This would bring specific information
of the differences between mele and female plants and could make the design
of markers for specific traits easier.

42
Datection of A9-THC and its Human Metabolites in Ferensic Samples

AO-THC snd its main metsbolites ave detscted and quentified in forensic
samples. Determination of these compounds i Auman beings is needed to
malke decision on abuse of AS-THC-containing drugs by individusls, A care-
ful Interpretation of the results is very important to avoid fallacies with regard
ta the behavior of individuals, The Cannabis influence factor (CIF), for ex-
ample, is an useful tool for distingnishing between acnte and chronic intake
of AS-THC [98].

42.1 .
Metabolism of AS-THE by Humane fytochrome PASS Enzymes

Like other xenobiotics, cannabinoids also undergo extensive metabolirm in
the human body to increase their hydrophilic properties for a fadlitated
climination, The metabolism of A9-THC has been very well investigated.
More than 100 metabolites of A9-THC are known [99] and a good overview
of the most important human metabolites is given in [100} Metabolism
takes place mainly in hepatic microsomes, but also in intestines, brain,
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heart, Jung, and nearly all tissues of the body, Main metabolites of A%-
THC are mong-, di- and trihydroxylated compounds, which become car-
boxylated ané glucuronidated further. The metabolisr pathway of A9-THC
and itz most importent metabolites are ghown in Pig. 9. Mostly responsible
for metabolism of AS-THC in the primary pathway in homans s the cy-
tochrome P450 isoenzyme CYP 2C% [101]. Hydroxylation of AS-THC (3.1)
at C-11 leads to 11-hydroxy-AS-THC (11-OH-THG, 9,2), which undergoes
further oxidation to 11-nor-9-carboxy-A9-THC (THC-COOH, 9.3}, 11-0H-
THC shows similar psychotropic properties to AS-THC whereas THC-COORH
is a non-psychotropic componnd {102]. CYP 3A4 is the second major cy-
tochrome P450 isoenzyme that ia involved in metsbolism of AS-THC ~
mainly with hydroxylation at C-8 to 8-OH-AS-THG, (9.4) [101]. The epoxida-
tion of AS-THC at C-9 and C-10 is also described, in addition to oxidation of
the allcyl side chain and a following cleavage [8]. Monohydroxylated 49-THG
can be hydroxylated again, which leads to 8,11-dihydroxy-A9-THC, (9.5),
for example. Metabolites that are formed by CYP 3Ad represent a minority
in comparison to those of CYP 2C9. The ghucuronide of THC-COOH, (9.6),
which i¢ formed in the secondary pathway is a human metabolite of A9-THC.

422
Analytical Methods for Betection of AS-THC and It Metabelites

As described for the analysis of the plant, GG, HPLG, and immunoassays are
commonly used for the analysis of body flnids. Although the general proced-
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ures are quite similar to those used in the analysis of C. sativa (see Sect. 4.1,1)
some differences must be pointed aut.

42.2.1
sample Preparation

the typical procedure for analysis of cannabinoids from plasma, urine or
oral fuids includes preliminary steps such as a SPB for enhancement of
the analytes and for minimizing interfering effects of the matrices. Because
the metabolites in humans are often conjogated, an anterior hydrolysis of
these conjugates either with chemicals like sodium hydroxide or with en-
zymes [103] is recommended.

Pretreatment of hair samples also includes an extraction, usually with an
alkaline sodium hydroxide solution, followed by cleaning up with LLE with z-
hexane/ethyl acetate. Instead of LLE, the employment of 8PB is also possible.
Purthermore, the solid phase microextraction (SPME) in combination with
head-space analysis is usable (104~106]. In the case of using hair samples,
possible external contamination (e.g., by passive smoking of Cannabis) has to
be considered as false positive result. False positive regalts can be avoided by
washing of the hair samples previous to extraction [107), Storage of collected
samples i another important fact that can cevse false results in their content
of AS-THC and metabolites {108-170}.

42.2.2
Bas Ciiromatographic Methods (GC)

The preferred detection method for cannabinoids In forensic samples is GC-
MS with or without preceding derivatization. As deseribed before in the
analysis of plant materials, the employment of sifica-fused colurmns is recom-
mend in the anslysis of human body fluids. While in analysis of Cannabis
TMS-resgents are mostly employed for derivatization, in the case of hu-
man body material fuoric compounds such as pentafluoropropionic anhy-
dride (PFPA) or 2,2,3,3,3-pentaﬁuom—1—pmpanol (PFPOH) as derivatization
reagents are used [89]. Halogenation of the analytes in these ways allows the
use of an electron capture detector {ECD) to find the desired compounds. In
comparison with other detectors such as the flame ivnization detector (FID),
the detection sensitivity of cannabinoids can be incrensed by using an ECD.
This is important because the amount of these compounds is very low in
haman forensic samples. However, as mentioned above, these detactors are
commonly not used in routine analyses of forensic samples. Among PFPA
and PEPOH, acylation reagents such as trifluoroacetic anhydride (TFAA)
and N -methyl—bis(triﬂunmacctamide) (MBTFA) are also used for analysis of
cannabinoids in human materials [111-114]. Trideutersted THC-COOH (7.4)
is the most commonly used internal standard fox the analysis of metabolites
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with GC-MS,. Baptista et al. [103} have shown that the limit of quantifica~
tion (LOQ) for the important metabolite THC-COOH is much more better if
negative chemical ionization {CT) is nsed fostead of electron jopization (EID).

4223
Liguid Chromatographic Methods (HPLCH

Whilst for the analysis of plant materisl for cannabinoids both GC and HPLC
are commonly used, in analytical procedures the employment of GC-based
methods prevails for human forensic samples. Nonetheless, the usage of
HPLC becomes more and more of interest in this field especially in combina-
tion with MS [115-120]. Begides the usage of devterated samples as internal
standards Pisher et al. [121] describe the useofa dibrominated THC-COOH
(see 7.5). The usage of Thermospray-M8 and electrochemical detection pro-
vide good performance and can replace the still-used conventional UV detec-
tor. Another advantage in the employment of HPLG rather than GC could be
the integration of SPE cartridges, which are needed for sample preparation in
the FHPLC-system.

A.22.4
Immunoassays

Most of the tests that were developed for detection of cannabinoeids in plants
have shown that antibodies are specific for the cannebinoid structure, Be-
cause of this specifity these tests can be extensively applied for the detection
of cannsbinoids and metabolites in human body fluids such as plasma, urine,
and oral fluids. Many different kits based on these methods were developed
and they are commercislly available, for example Oratect, Branan or Up-
link, and OraSure, We must consider, however, that no homans have the
same metabolite profle in their blood and that cross-reactivity may always
occur {122,123]. Nevertheless, these tests offer o aimple way of excluding
most of the suspicions samples, but the results siill have to be confirmed with
a second method such as GC-MS [124, 125].

5
Medicinal use of Cannabls and Cannabinoids

51
Historical Aspects

Human use of G, sativa goes back over 10000 years and the medicinai use
can be definitely found in ancient Chinese writings from 1000 BC [126]. Mod-
ern medicinal use was mainly introduced by William B. O’Shaugnessy who



was one of the first physicians who systematically explored its therapeutic po-
terttial [127]. Studying the literature of the 19th century it is impressive how
efficiently most indications, which are now under intensive research, where
already depicted by observation and simple trinl and ervor.

5.2
Modern Use

2.1
Matural Cannabinokds

A serious problem in the early Western medicinel use of G, setiva, mainly as
a tincture, was its highly variable activity and inconsistent regults. Medici-
pal preparations have to bandle seversl particularities due to the structare of
the active ingredients of €. sativa. The identity of the main actlve copstitient
of C. sativa, A9-tetrahydrocannabinol (INN dronabinol) remained mmimown
until 1964 [128]; standardized C. sativa preparations were not available. The
plant itself is found in several different chemotypes, which added to the un-
predictable nature of early medicinal preparations. _

Cannabinoids are highly lipophilic compounds making bioavailability very
dependent on the formulation and the mode of administration. Canpabinoid
ocourrence in the plant is predominantly in the form of the carboxylic acids,
which are pharmacologicatly totally different and rather unsteble, decarboxy-
1ating over time to their active nentral form. The carboxylic acids, althongh
not active at the GB receptor, nevertheless add to the overall effect a5 they
possess antibiotic and anti-inflammatory effects.

Last but not least the identification of THC as the main active constituent
of C. sativiz was preceded by an almost total ban on the plant 23 2 nareotic
drug, practically ending medicinal research.

So, the 20th century actually led io an almost total disappearance of
C. sativa for medicing] purposes. The only source for THG, which became the
focus of scientific research, was the rather tedious extraction and purification
from confiscated hashish or marfhuana, In 1972 the first commercially viable
total synthesis of A9-THG was gstablished and it became the first cannabi-
n0id available as a modern medicing m the form of soft gel capsules (the
active ingredient being called dronabinol from tetrahydrocannabinol) under
the trade name Marinol for the prevention of nansea and vomiting during
cancer chemotherapy.

Tuterestingly this indication resulted from the observation of marihnana-
smoking patients rather than from pharmacological Teseatch.

In contrast to the €. sativa tincture, Marinol soft gel capsules possess cleat
advantages. Pixstly, they contain a single component in an accurate dosage.
Secondly, & uses sesame oil as the carrier, making resorption significantly
more reliable and also stabilizing the rather sensitive THC molecule.
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The indication “prevention of nausea and vomiting during cancer chemo-
therapy” came from experiences of marihuana-smoking patients, not from
pharmacological research {129}

The second indication, being licensed for THC several years later, came
from an observation that had been known for a long time for C. sativa,
namely its appetite-stimulating effects. This sometimes very impressive ef-
fect (popularly known as epunchies”) was Tegarded as & side effect until it
became apparent that loss of appetite and weight (the “ATDS wasting syn-
drome”) was one of the determining factars influencing mortality of HIV
patients [130].

Pharmacological research and the non-prescriptional use of C. sativa by
patients gave way 1o new indications. Now weil established are the efficacies
for the following indications: :

» Navsea and vomiting [129]
o Appetite stimulation [131,132]
» Spasticity [133,134]

a Tourette syndrome [135]

» Neuropathic pain {136]

¢ Multiple sclerosis [137]

o Mood elevation

o Glancoma [138)

e Pruritus

o Asthma

+ Epilepsia

o Migraine

After the discovery of specific endocannabinoid receptors, the amount of
sclentific literature quickly rose and not only new potential indications were
established, but also the mechanisms for the already known effects were clar-
ified. Although the most prominent effect of C. sativa is cleayly refated to THC
and jts activity &t the CB1 receptos ‘most other natural cannabinoids are not
active there, Today two other natural cannabinoids CBD and THCV are the
focus of medicinal research.

CBD was first isolated from C. safiva in 1940 [139]. Unlike the resinous
air-sensitive THC, CBD is 2 crystalline stable substance. Its plant precursol
the carboxylic acid CBDA cail be isolated from fiber hemp by extraction and
shows potent antibiotic activity. Upon heating it decarboxylates to CBD.

CED bas no activity at the CB1 or CB2 receptor, It is well known that
CBD influences the activity of THG if co-administered (140]. Another ef-

threshhold. CBD is also activeas a mild antipsychotic [142] and was proposed
as & treatment for anxiely and panic attacks. The mechanism is not fully
understood, but it might be cansed by an interference with the endocannabi-
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noid system, It is now also under research for the freatment of disbetes and
gbesity [143].

522
Synthetic Cannabinolds

Until today anly a few synthetic cannabinotds have made their way into clini-
cal pse.

5221
Rabilone

I, contrast to THC (an oxygen-sensitive resin), nabilone {8.3) is a crystalline
stable substance. it is about five o len times more potent than THC [144]. 1t
was developed by Lilly and marketed as Cesamed in several countxies, mainly
for the prevention of nausea and vomiting during chemotherapy. Recently it
was apptoved in the USA for the treatment of neuropathic pain,

5222
Levenantradol

Levonantradol (8.4) was synthesized with the intention (o introduce a basic
amino function into the heterocycle in the hope of obteining water-soluble
aalts. Although the solubility of the hydrockloride Is not good it was possible
to get stable agueous icellar solutions with the aid of emulsifiers {145] and
the compound made its way as an injectable into clinical trials, but never was
epproved.

5223
755,940

CP-55,040 (8.5} was developed during the search for novel analpesics {146].
Although it is more potent thsn morphine it was never approved. Neverthe-
less, in its iritioum-labeled form it became 2 very iraportant tool for research
and helped in the first identification of the cannabinoid receptor.

5.2.24
WIN-55,212-2

Tn the search for new anti-inflammatory drugs structarally derived from
indomethacine {147), Pravadoline showed psychotropic side sffects in din-
ical trials, It became apparent that these effects are medisted throngh the
cannabinoid receptor. Optimization of the structare: finally led to WIN-
55,212-2 (8.6), which has a higher affinity to the CB1 receptor than THG f148]
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and became an jmportant xescarch tool. The side effects of substances pos-
sessing agonistic activity on the CB1 receptor {mainly psychotropic effects
similar to those of cannabis) limited its clinical use and changed the focus of
research to the development of compounds without this drawbacle.

5245
Rimonabant

Rimongbant or SR-141716A (8.7) is an antagonist at the CB) receptor [145]
and got approval for the treaiment of obesity and a5 an aid in the cessa-
tion of cigarette smoking. It is now marketed in Europe under the tradename
Acomplia, Interestingly the naturally occurring THCV (the propyl homolog
of THC) also acts as an antagonist on the CB1 receptor and might become
a competitor for rimonabant.

5226
PRS-211,086

PRS-211,096 (8.8) is o CB2-gelective agonist, thus avoiding the paychotropic
side effects related to CB1. It is currently in clinical triak for the treatment of
multiple sclerosis,

5227
He-211

{210 is (8.1) amiong the most potent cannabinoids kmown, Iy enantiomer
HU-211 {8.2) does not bind to the cannsbinoid teceptor and lacks psy-
chotropic side effects (a8 long as optical puxity is guaranteed). In aximal
modsls it shows analgesic and antiemetic activity. It also shows nearoprotec-
tive effects after brain injury and was tested in humans as anti-tranma agent,
where it didl nat meet the expectations in a clinical phase I trial.

5.2.28
Ajulemic Add

Ajutemic acid (CT3, 8.9) is the dimethylbeptyl homolog of the main metabo-
lite of AS-THC. It hes no psychotropic activity, but has snalgesic and anti-
inflammatory effects.

5.3
Drug Dellvary

The classical way of application of A9-THC from C. sativn is smoking of dried
Cannabis flowers or leaves by patients in traditional medicine. Smoking of
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Cannabis as an illegal drug is popular, but not only these drug users bat also
regular patients suffering from yarious diseases as discussed above vse this
form of unprescribed self-medication.

Besides the inhalative use, the development of drug formulation for AS-
THC has to address other bioavailability questions. A major problem is the
lipophilicity and poor solubility in water, limiting oral uptake when given
orally. Becanse of this, other parenteral routes of application are under in-
vestigation like pulmonal uptalke by vaporization, sublinguel or intranasal
administration, and epplication by injection of AS“THC incoxporated in lipo-
50Mes.

Marinol and Sativex are piven orally to the patient bat, as indicated, the
poor solubility of AS-THC is responsible for its dlow enset and release from
drug carriers Iike soft gelatine capyules [150]. Quite frequently 8 large variety
in the bicavailability and a significant first pass effect can be observed in an-
tmal teats and patients. One solution to the solubility problem is the develap-
ment of new A9-THC derivatives with improved solubility (e.g. dexanabinol,
which is p hemisuccingte prodrug). Howeves, this strategy is mostly not desir-
able because of the high isk involved in the cost and time-consuming drug
approval process to gein all toxicological and clinical date.

'he main stretegies in pharmacentical technology to improve solubility
ars the reduction of particle size and the increase of pertcle surface ac-
cording to the Kelvin equitation. These two strategies have been applied
for AS-THC produoction by solid dispersion technology and production of
nanosuspensions. Van Drooge et &l, created a solid dispersion of inulin in
which AO-'THC was incorporated [151). Applying freeze drying technigues
for evaporation of a mixture of water and tertiary butyl alcohol, which acts
as dissolving medinm for AS-THC end inulin, forms amorphous A9-THC in
a fast-dissolving solid inulin matrix. The main adventage of the technique
is to protect A9-THC from degeneration and fo optimize the disselution
rate from tsblets [151], A second and casy way to incresse fhe solubility
can he achieved by reduction of the particle stze. In. unpublished work by
the auther's EEOUP, Nanosuspensions of AS-THC have been achieved indi-
cating a first significant improvement on the phygical properties. The main
drawbacks of the technique is the poor stability of the highly energetic sas-
pensions and the risk of foxming chugter and microparticles without sufficient
stabilization of the nanosaspension, Perlin et al, applied A9-THG incorpe-
rated in gelatine capsules and administered these orally to rhesus monkeys at
a dose of 2.5-mg /Ty doses and compared the plasma levels with perenteral In-

. travenous and intramuscularly Injections [152). The aunthors concluded that
intramuscularly injection is favorahle because of a bioavailability of 89% =%
16% (i.m.) versus 26% =k 14% (p-o.). Interestingly Perlin et al. mentioned that
sectal administration was not successful and no significant blood levels were
detected [157]. Mote recently Munjal ef a1, developed a transmucosal system
based on polyethylene cxide (PRO) polymers, which are commonly used for
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the production of suppositories [150]. In this study the beat-lzbile A9.THC
hemisuccinate was nsed to produce suppositories yarying in PEO composi-
tion by the hot-melt technique (120°C), Temperature led to a degradation
of between 13.5% and 49.4% depending on the compaosition, bat incorpora-
tion of vitamin B succinate reduced processing degradation to 5.2% and gave
a shelf half-life of 8 months, No data have been pulilished yet to characterize
the bioavailability or pharmacological effect.

fo achieve relisble elevated plasma Jevels and to overcome the first pass ef-
fuct, alternative parenteral administration systems have been developed, The
most obvieus route is veporization of the Cannabis plant material or the
AS-THC directly. Hazekamp et al, conducted an intensive study using the
Volcano device [153). The main principle is evaporation of A9-THC from
Cannabis plant material by a hot air flow. Evaporated compounds are col-
lected in a detectable plastic bafloon, which can be removed and fitted with
o mouthpiece for inhalation, The main advantage of the Volcano vaporizer
is that A9-THC is vaporized below the point of combustion, avoiding the
production of lung-irritating toxins. Other advantages for the self-medicating
patient is the case of self-titration, fast drug release, and fast reaching of ther-
apentic blood levels. To compare with alternative smoking procedures, the
AS-THC recovery was 549 for the Volcano and 39% for the water pipe.

Pulmonal application can be still unpleasant for non-smolers, which is
why other administration routes like sublingual or intranasal uptake are also
of intereat, Valiveti et al., investigated nasal application for AS-THC and
WIN-55,121-2 mesylate in rats [154]. The latter is a synthetic cannabinoid
with a shart half life time and a highly varizble bioavailability. Both drogs
were formulated in ethanol and propylene glycol and were successfully ad-
ministered. In cormparison with i.v. applied reference drugs, a tenfold highet
pasal dose (10 mg/kg AS-THC) showed similar AUC valnes with a slightly
increased half-ife time. :

A sscond alternative is sublingual application, as introduced by Mannila
et al, based on cyclodexdrin matrices [155]. Cyclodextsing are a group of
cydlic oligosaccharides that have been shown to improve aqueous solubil-
ity, dissolution rate, and bicavailabiiity of various lipophilic drugs such as
testosterone or prostaglandin E, to give WO exemples. Cyclodextrins have
also been successfully studied in a few sublinguel and buccal formulations,
e.g. hydroxypropyl-p-cyclodextrin (HP-B-CD) led o the effective ghsorption
of sublingual testosterone.

In this study, complexation of AS-THC and cannsbidiol (prepared by
freeze drying) with rendomly methylated B-cyclodextrin and hydroxypropyl-
B-cyclodextrin (HP--CD) was studied by the phase-solubility method. The
aqueous solubility of CBD and THC increased as & function of CD concentra-
tion, and the dissolution increased for THC and CBD cyclodextrin complexes
significantly in contrast to plain THC and CBD. These results demonstzate
that cyclodextrins increased both the aqueous golubility and dissolution rate



of these cannabinoids, making the development of novel sublingual formu-
lation possible, which has been shown by in vive studies in New Zealand

rabbits.
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FORENSIC ANALYSIS OF MARIJUANA AND THE
KURZMAN MYSTERY:
A CASE STUDY OF FLAWED LOGIC IN
DETERMINATION OF GUILT

by Frederic Whitehurst”

CANNABIS, THE MODEL ..v.crunesersissessrssecesismtsmssssssasmsiessasssasssssss s seses
THE PROTOCOL e v eeeevesiesssesessereimosaessbaisstsssstsssassssasesbabsssmssans s s sasssasasavasy
ANALYSIS OF THE PROTOCOL cotveeevemeetinsnsnissnsartsossmunssmssssssosaanssnssssassseoss
THE KURZMAN MYSTERY 1evvranserrrsirimsressssrassassssserssiasssestusstsmsascssoisssinssss

<gmE"

Recent revelations concerning the number of innocent people our justice
system has incarcerated and then found to be innocent by DNA. analysis causes
concern that our justice system may have an unacceptable error rate.! Whydo
we convict as many innocent people as we do? Aside from ouiright
prosecutorial misconduct, failings of the defense bar to properly represent
clients, flaws in eyewitness identifications, biased police lineups, and false
confessions, we should also be naturally concemed with the inherent problems
within crime laboratories.? The national media has exposed problems in crime
lahoratories all across the United States, from the crime laboratory of the
Federal Bureau of Investigation, to local crime labs n Washington, Texas,
Florida, and beyond.? Determinations of innocence necessarily guide us to this
question: If DNA has consistently lead to findings of innocence, then has the
rest of forensic science found guill when in fact innocence exists?

We need a model to ask and answer this question. We need a forensic
technique, a protocol, that is easily understood and that has resulted in the
conviction of hundreds of thousands of Americans. One such protocol is the
forensic analysis of marijuana.’ Weneed to determine which protocol is being
used to identify marijuana, and if this protocol is logical and valid. If there are
flaws in the protocol, then we should determine how long these flaws have

*  Fred Whitshurst worked with the Federal Bureau of, Investigation from 1982 to 1998, He has served
a5 the Executive Director for the Forensic Justice Project since 1998. Mr. Whitehurstreceived his lavwr degree
from Georgetown University School of Law in 1996 md his Ph.D. from Duke in 1980.

1. Epg., D. Michael Risinger, Innocents Convicted: An Empirically Justified Facrunl Wrongfil
Convietion Rate, 97 I, CrimM. L. & CRIMINOLOGY 761, 763 (2007).

2. SeeFredric Whiteinrst, Forensic Crime Labs; Scrutinizing Results, Audits & decreditafion—Part
1, CHAMPION, Apr. 2004, a1 6, 6. '

3. Seeid.

4. RYANS.KING & MARC MAUER, THE WAR ON MARIUANA: THE TRANSFORMATICN OF THE WAR

oM DRUGS IN THE 19908, at 1-4 (2005).
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existed, why we have not recognized them, and why our justice system could
continue utilizing a flawed protocol without testing its validity. Utilizing this
model, we can go beyond simple science and question the justice systemn’s error
rate. Can we discover methods to ensure valid forensic techniques, or at the
very least, should we simply stop accepting the opinions of individuals in white
laboratory coats and seriously review their work product?

1 CANNABIS, THE MODEL

The plant Cannabis sativa, also known as marijuana, presents unique
issues in our justice system, especially regarding the identification of the
substance by law enforcement officers as well as forensic crime laboratories.”
A review of the Handbook of Forensic Drug Analysis notes that “[tihe
identification of marijuana or its chemical constituents has long been one of the
most often performed analyses in the forensic drug laboratory. This includes
analysis of the very common botanical samples, ranging from whole plants to
finely chopped vetc;,eta\tion.”6 In 1972, John Thornton and George Nakamura
presented an analytical protocol for the ;dentification of marijuana, which
fequires microscopic analysis of botanical features as well as the Duquenois-
[ evine test, a chemical spot test,” which is being used in most crime labs
throughout the U.S. But what are we identifying with this protocol? Ina 1969

+

papet, Naokamura noted that Cuannabis sativa is classified as follows:

Division’: Spermataphyta (seed plants)

Class: Angiospermae (Rowering plants)

Subclass: Dicotyledons (dicots); 31,874 species

Order: TjrHeales {elms, mulberries, nettles, and
hemps); 1,753 species

Family. Cannabinaceae (hops and marijuana); 3 species

Genus: Cannabis

Species. sativa®

Therefore, we are looking for a plant that (1) produces seeds, (2) has
flowers, (3) is a dicotyledon, and (4) has some or all of the features of elms,

mulberries, nettles, and hemps.”

5. See discussion inffa Part 1.
6. Charles Tindall etal., Cannabis: Methods of Forensic Analysis, in HANDBOOK OF FORENSIC DRUG

ANALYSIS 43, 43 (Frederick P- Smith ed., 2005).

7. Li. Thomton & G.R. Nakamora, The Mentification of Marijuana, 12 1. FORENSIC. SCI. §0C- 461,
461 (1972); see also G.R- Naknrmura, Forensic Aspects of Cystolith Hairs of Cannabix and Other Plants,
Drug Abuse Control, 52 1. ASS'N OFFICIAL ANALYTICAL CHEMISTS 3, 5(1969) -

8. TNakmmura, supra note 7, at a.

9. Secid.
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We must start marijuana analysis with an understanding of the form in
which the alleged marijuana presents itsel{'to the analysts.® Most submissions
to forensic laboratories are i the form of crushed plant materials thatno longer
retain gross botanical features.!! The crushed form of these submissions means
law enforcement officers seize plant materials they recognize as marijuana
despite the fact that it no longer retains identifying features.”* This seizure, of
course, depends upon the Jaw enforcement officer’s ability to determine that the
sample is plant material.”® On the surface, believing that any individual could
not determine that a plant is a plant seems ridiculous. We see plants every day
amd recognize them as trees, grass, omamental flowers, and the ever present
weeds in our gardens. On this level of understanding, we would most
appropriately go to a dictionary to determine the definition of a plantnot to a
treatise on botany. The American Heritage Dictionary definesa plant as “{aln
organism of the vegetable kingdom, characteristically having cellulose ceil
walls, growing by synthesis of inorganic substances, and lacking the power of
locomotion.”™™ So when a law enforcement officer seizes erushed plant
material, we hope that the officer would refertoa standard, like the dictionary
definition, when determining if'a substance is plant material.

Can we determine from a field examination of crushed material if the
seized material is composed of cetls with cellulose cell walls? Well, not really.
This determination requires at least a microscopic analysis as well as a chemical
amalysis.”” History books tell us about the excitement when newly invented
microscopes detected the presence of the cellular structure of living matter. If
we could niot see those cells before microscopes came along, then how can the
police officer on the street see those cells with the naked eye? The cellulose
making up the walls of those cells requires a chemical analysis; therefore, how
can a police officer determine the cell walls are composed of cellulose? And
although the officer can determine if the material tacks locomeotion (even parts
of 2 dead animal or pieces of newspaper lack locomotion), the proper question
is whether the seized material, when in its natural state, existed in an object that
lacked locomotion? An officer cannot know that. The material is no longer in
its natural state. Finally, can the law enforcement officer lnow whether the
seized material grows by the synthesis of inorganic substances? The answerto
this question, of course, is no. S0 how does the law enforcement officer know
whether the seized material is a plant?

But suppose that by some method, the police officer can determine that the
seized plant material is a plant. If Nakamura’s classification of marijuana is
correct, the next level of analysis determines if the seized material is a seed

10. See Tindall et al., supra nole 6, at 45,
11.  See Nnkamura, supra note 7, at 3.
12.  See Tindall et al,, supra noie 6, at 43-44,

13, Sesid.
14, THE AMBERICAN HERITAGE DICTIONARY 948 (Margery S. Berube et al, eds., 2d Coliege ed. 1982).

15. Sez Thornton & Nakamura, supra acte 7,31 461.
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plant (i.e., a spermatophym).m My own law enforcement experience in the
investigation of marijuana cases has shown that marijuana samples are often
accompanied by what appear to be seeds. But are these objects really seeds?
How do we determine that? Do we plant the seeds to see if they grow? Do we
open them up to see if there are two halves (two cotyledons) and the tiny
beginnings of a plaut?” Even if we can determine whether these seeds ate
present, how do we know that they are seeds of Cannabis sativa? How do we
differentiate these seeds from any other seeds?

Assume, however, that we have answered the plant material and seed
questions. Next, we must ask if the seized seed plant has flowers (i.e., is an
angiospm-n'x).lE To answer, we must know what a flower is, the different patts
of flowers, the kinds of flowers growing in a marijuana standard, and if the
flowers seen in marijuana are like flowers in any other kind of plant. Just
because marijuana flowers have particular features, one cannot assume that no
other plants have flowers with the same features.”” Because the form of most
marijuana samples seized is crushed plant material there may be difficulty in
determining whether these crushed flowers are identical to martjuana flowers.”

Now suppose that we can determine that we have plant material with seeds
and flowers. Do we then kmow whether they are dicotyledons? Anyone who
has ever planted a bean, a watermelon seed, or a peanut knows what 2
dicotyledon is. Those first little fat leaves from the seed itself are the
ccﬂ::,rlt:dcms,21 and plants that have two cotyledons are referred to as
dicotyledons.” We sce these seed leaves and initially wonder what we have
planted and why it looks so different from what we expected from our planting
project. But soon those cotyledons give way to tiny little leaves and our plants
grow up to look like we expected. At one time there were 31,874 known
dicotyledons.”” Because marijuana is one of these dicotyledons, the real
question becomes: can the naked eye of a drug analyst or police officer
determine that the crushed flower-producing seed is a dicotyledon?®! Without
careful scrutiny, this cannot be determined.” Though a trained botanist might

16. Jd. at 49596,

17.  Acotyledonis “n embryonic teaf in sced-bearing plants, one or mare of which are the first leaves B
gpypenT from a gerinatng geed.” THE NEW OXEORD AMERICAN DicTioNARY 385 (Erin McKeaned., 2d ed.
2005},

18, See supranole § and accompanying texk

19. See generaily Robert F. Thome, How Many Species of Seed Plants Are There?, 51 TAXON 511
(2002) (discussing the mimerous types of seed plants)-

20. See Thomton & Nakamurs, supra note 7, at 495,

21, See supranole 17 (defining cotyledon).

22, See THE NEW OXFORD AMERICAH DICTICHARY, supra note 17, 0t 470 (defining dicotyledom).

23. See Nakamurs, supra noke 7, at 6.

24. See Thomton & Nakarnura, supre nole 7, ot 495 {discussing the difficulty of identifying crashed
plants).

25 See Tindall et al., supra noe 6, at 4B {discussing the difficulty ol identifying mirijuana).
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be able to discern that a plant is a dicotyledon, “most seized drug analysts are
not trained as botanists.™

Now suppose that we have plant material that has seeds and flowers and is
a dicotyledon. Because there are many dicotyledons, we must discern proper
marijuana plants from other dicots.t’ A further subdivision of dicotyledons, an
order named urticales, contains 1,753 species of elms, mulberries, nettles, and
hemp.?® Therefore, can the law enforcement officer determine from examining
crushed plant material in & baggy if the material originated from a plant in the
order urticales?

Now put this paper down and take a break. Go into your back yard and
look at the types of planis you see. Look at the myriad of different leaves,
shapes, plants, and even weeds. You might be looking at 100 species of plants
right now. Take some of those leaves into your office and let them dry fora
week or two. Then crush them up. Can younow differentiate those leaves in
their crushed form just by looking at them, and can you tell which plant you
took them from? '

Leaves are classified according to leaf orientation, organization, shape,
margin, texture, gland position, petiole, types of venation, znd elements of tooth
architecture.”” Looking at the form of leaf margin, we see classification
concepts including entire, lobed, toothed, crenate, €rose, revolute or enrolled,
sinuses, Spacing, and geries.’® Without even defining the meaning of any one of
these, we can ask oursclves whether the plants being examined fit into the
classification scheme. To do so, we need to know how the leaves appeared
before they were crushed up and prepared for distribution. Yet this information
may be unavailable, so how can we say We are looking at marijuana?

f we have found that the material is a seed-bearing, flower-producing
dicotyledor, and has the characteristics of those plants in the order urticales,
then we may further ask about the description of the flowers. We kmow from
our experience of gimply looking into our pardens that all flowers were not
created equally. Day lilles certainly look different than roses. Thus, we can
assume that the flowers of arijuana are different from other plants’ flowers.
Professor Herman E. Hayward’s treatise, The Structure of Economic Plants,
provides a seemingly exhanstive description of the inflorescences of marijuana:
“fa]lthough hemp is disecious, it is not uncommon for an individual plant io
bear both staminate and caepelate flowers.”™" So, have we seen evidence of
cither staminate or carpellate flowers in the crushed material that the law
enforcement officer has presented as marijuana? :

6. I at48,

27, See Makomura, supra noie 7, 2t & {noting the varicty of dicotyledons).

28. See ey, id.

29, Leo ). Hickey, 4 Revised Classificotion of the Architecture of Dicoledonous Leaves, in i
ANATOMY OF THE INCOTYLEDONE 25, 28-30 (TR Melcalfe & L. Chalk eds., 2d ed. 1979).

30. I at28.29.

31, HERMAN E. HAYWARD, THE STRUCTURE OF EcoNoMIC PLANTS 217 (1938).
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Additionally, “[tJhe staminate flowers develop in small, drooping,
branched panicies, which arise in the axils of foliage leaves . . . [t]he flowers of
the panicle may ocour singly on slender pedicels or in groups, and usually the
terminal branches bear three flowers . . . 32 Do we see drooping branched
panicles, located in the axils of foliage leaves, and if we donot, then can we say
with any certainty that we arc either looking at or have identified this material
as marijuana? And do the flowers of the panicle occur singly on slender
pedicels or do they occur in groups?

And further, “[t]he individual flowers are apetalous with a deeply parted
calyx having five greenish-yellow or red lobes that are widespread at
maturity.”™ Have we seen the apetatous flowers with a deeplyparted calyx that
have five lobes, either greenish-yellow or red, that are widespread atmaturity?

And further, “[tlhe oval sepals are acuminate, the outer surface and
margins being covered with multicellular glands and slender, pointed
uniceliular hairs with crystals of caleium oxalate deposited in their swollen
bases. The inner epidermis is practically devoid of hairs and stomnata which are
present in the outer epide:rrnis.”34 Has the law enforcement officer who
identified the preen leafy material as marijuana (or even the forensic lab
examiner) been able to determine if the oval sepals are acurminate with the outer
surface and margins covered with multicellular glands in addition to slender
pointed unicellular hairs with crystals of calcium oxalate deposited in the
swollen bases? Has anyone in the identification process even determined the
presence of calchum oxalate?

o far, in order to determine if we have marijuana, we need to know ifwe
have plant material, if that material is from seed-bearing and flower-bearing
dicotyledonous plants of the order urticales, and if the botanical features of
marijuana described by Hayward are identified. An altemative method
involves determining if marijuapa has unique characteristics that set it apatt
from the universe of plants on earth.?® Obviously Connabis sativa is unique as
a species, or we would ot have called it a plant species. In the 1970s, the issue
of whether the genus Cannabis Was composed of a number of different species
came to the attention of the legal community when debating whether legal
statutes properly proscribed the possession and distribution of all species of
Cannabis or simply Cannabis sativa. The arguments were rendered moot by
legislators and willnotbe discussed here. Wewill merely ask whether one can
identify Cannabis sativa to the exclusion of all other plants by (1) utilizing the
protocol suggested by Nakamura and Thernton and reconmended by others, &

32, Id a1218.

33 I

34, Jd.at219.

35, Seeid. at214-15 {describing the various species of the genus Cannabis).

36. The Scientific Working Group for the Analysis of Seized Drugs {SWGDRUG) noles thevse of both
magroscopic and microscopic examinations of cannabis only 25 methnds of analysis in its February 2006
report.  SCIENTIFIC WORKING GROUP FOR THE ANALYSIS of Seizep DRUGS (SWGDRUG),
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or (2) simply looking at the material and comparing it to one’s memory of
marijuana seen at the police academy some number of years ago during
training, as seems to be the trend in the justice system at this time.

II. THE PROTOCOL

Nakamura’s 1969 paper presented a protocol for analysis of seized alleged
marijuana samples as follows:

A leaf specimen (100 mg sample) was macerated in 25 ml petroleum
ether, filtered into a beaker, evaporated to dryness without heating, and tested
by the Dug. L test as described by Butler.

For morphological examination, leaf specimens were studied under
stercoscopic binoculars, 10 to 50X, and a simple compound microscope, 50-
100X; 50-100: the subject was illuminated with narrowly directed reflected
light of “Flexilight” unit (Tota-Cam Corp., 28 Teal Rd., Wakefield, Mass.)
which is capable of producing 3,000-11,000 candle powers.

Photomacrography was conducted through a 16 mm Zeiss Luminar lens
mounted on 2 33 mm Leica by aid of Visoflex reflex and bellows
attachments. Kodak Panatornic film was used. Unless otherwise indicated,
all prints were enlarged to a final 60X magnification for all specimens ta
provide a size comparison.“

The analysis is that simple. Nakamura further notes that “[s]ince nost
marijuana examined in forensic laboratories is crushed and no longer retains
gross botanical characteristics, the presence of cystelith hairs on leaf fragments
has been used as the principal eriterion for morphological identification.”®
What are these cystolith hairs described here? A cross section of 2 manijnana
leafwill reveal the presence of bear-claw-shaped hairs on the top surface of the
leaf as well as clothing hairs on the bottom of the leaf.®® The bear claws should
also have large areas containing amorphous (noncrystalline) caleium carbonate
in their base.® Some of the clothing hairs will also have cystoliths that are
smaller than the cystoliths in the bear claws. Though not exactly like the image

RECOMMENDATIONS 14 (2d ed. 2006}, avoilable ot hltp:Ilwww.swgdrug.urg/OLD/SWGDRUG%ZD
Recommendations_080907.pdf
The United Nations® 1987 pamphlet Reconmended Methods for Testing Cannobis, Manual for Use by

National Narcotics Laboratories recommends the exumination of macroscopic and microscopic features of
suspected marijzanaas well as theuse of the Duquenois-Levine test DIVISION 0F NARCOTIC DRUGS, UNITED
NATIONS, RECOMMENDED METHODS FOR TESTING CANNABIS: MANUALFOR USEBY NATIONALNARCOTICS
LABORATORIES 19-23,26 (1987), available af httpAwww.nedc.crg/pdEpublicationsfrepart_ cannabistest_19
87.0201_l.pdf.

37. Nakamure, spranote 7, 2t 6 {footnote omitted).

38, M. ats

39, DRUG ANALYSIS BY CHROMATOGRAPHY AND MICROSCOPY 1 26 (Egon Stahletal eds., 1973); see

infra fig. 1.
A0, DRUG ANALYSIS BY CHROMATOGRAPHY AND MICROSCOFY, suprd nole 39.
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in Figure 1, Figure 2 shows a bear claw on the upper surface of the leaf and
longer hairs on the bottom surface of the leaf.”

Figure 1: A photomicrograph of a cross section of a marijuana leaf.”

The aim of the forensic analyst is to observe these features through
observations, through microscopic analysis of 2 suspected marijuana leaf, or
through simply microscopically observing the top and bottom of the leaf.”

Nakamura notes the importance of microscopic examination:

Only after a studied examination, under high magnification, £an the cystolith
hairs of marihnana be tentatively identified. Microscopic identification of
marihuana, therefore, depends not only upon the presence of cystolith hairs
but on its asseciation with the Jonger clothing, or nonglandular bairs, on the
other side of the leaf, and if present, the fruits and their hulls, the glandnlar

41, Id.
42. This photomicrograph was taken by the avthor,
43, See DRUG ANALYSISBY CHROMATOGRAPHY AND MICIOSCOPY, supra note 39.

44, See Nukormura, suprancte 7,2t 15



2008} FORENSIC ANALYSIS OF MARIJUANA 9

hairs, and the flowering tops as set forth in U.S. Treasury Department
Manuat. The Dug. L test should be used in final confirmation.”

Nakamura’s dependence upon not only the cystolithic hairs, but also, if present,
the fruits, hulls, glandular hairs, and flowering tops js troubling to the analyst
who is left with a choice of a protocol without clear parameters. Who will
define a protocol in which the minimum characteristics that need to be detected
are clearly described? Do we need to see the fruits, ulls, glandular hairs, and
flowering tops, or can we simply stop with the cystolithic hairs?

II. ANALYSIS OF THE PROTOCOL

Critical review of Nakamura's paper leads one to question his numerical
data. The number of dicotyledons, 31,874, is a particularly intriguing figure.
Nakamura cites the authors Solereder, Metcalfe, Chalk, and Hayward when
discussing this figure.” A review of Solereder’s book immediately reveals that
it was written in 1908."7 If Solereder’s information is the basis for the number
of dicotyledons noted by Nakamura, then one must wonder if botanists have
discovered any new dicotyledons in the past one humdred years. Solereder’s
book was not the principal source of the number of dicotyledons but rather of
discussions concerning the antagonistic relation between the size of cystoliths
and the size of the hairs in which they are found.® This is useful information
when examining bear claws and clothing hairs, which vary in length, but it does
not help determine the origin of the number 31,874,

Hayward’s book also does not provide a clue as to where Nakamura camsa
up with his figure, but it does give us a very in-depth description of the
complete marijuana plant.” Hayward wrote the book in 1938 during the
Great Depression, which begs the question as to how many resources he
actually had at his disposal during that time to thoroughly investigate Cannabis
sativa.

Both editions of Metcalfe and Chalk’s dnatomy of Dicotyledons provide a
list of plant families in which cerfain diagnostic features oceur.” The book
lists, in particular, the families of plants that contain simple (unbranched) short

45, Id. at 16 {foolnate omitted).

46. See id (listing references upon which his paper reties).

47. 1aNS SOLEREDER, SYSTEMATIC ANATOMY OF THE DICOTYLEDONS: A HANDBOOK FOR
_ARORATORIES OF PURE AND APPLIED BoTaNY (D.H. Scott ed., LA Boodle trans., 1908).

AR, See i, st 11-12. The bear claws are shorter than the clothing haits and hove larger cystwolithie
deposits in themw Jd. at 11,

49. See generglly HAYWARD, supronote 31, at 214-45 {describing the general morphology of connabis
sativa).

50. Seeid.

51. See R.C. METCALFE & L. CHALK, ANATOMY OF DICOTYLEDONS: LEAVES, STEM, AND WOOD N
RELATION TO TAXONOMY 1326-59 (15t ed. 19507 List of Families in which Certain Diagnostic Features
Occur, in 1 ANATOMY OF THE DICOTYLEDONS, supra nole 29, at 190-221.
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hairs, as well as those which contain simple long hairs.?> We can reasonably
infer that Metcalfe and Chalk were the original source from which Nakamura
derived his number of dicotyledons. Nakamura probably cross referenced those
plent families that had both types of hairs, determined the number of species in
each family, and added up those numbers. But Metcalfe and Chalk published
their first edition in 1950, so one must question the thoroughness of
information given that it is over fifty years old. Possibly more dicotyledons
have been discovered and classified since then.

So how many dicotyledons are known today? Is it still 31,874, or have
scientists discovered more species? Robert F. Thorne reports that there are
199,350 kmown species of dic:ot},rieclom..54 Thome also notes the disagreement
within the scientific community concerning the size of this number but cites
other researchers as proffering numbers of flowering plants between 200,000
and 400,000 Obviously, botanists have been rather busy in the past fifty
years, and many more flowering plants have been discovered and classified.
What does this mean for identifying marijuana based on its botanical features
and for the reaction of a plant to the Duquenois-Levine test? Nakamura
responds with the following:

Representative species that bear cystolith hairs or hairs accompanied by
independent calcified growih in the leaf, most of which are similar in
strchurs to those of Cannabis, are listed below. (No attempt was made to
prepare a comprehensive listing because of the sheer magnitude of the task
of examining 31,874 dicotyledons . .. )™

Nakamura microscopically examined 600 of the 31,874 dicotyledons and
found that he could not differentiate eighty-two of those using his microscope.”’
He then subjected those eighty-two to the Dugnenois-Levine test and found that
only one of them gave a positive for marijuana—the marijuana itself.™® But
Nakamura admitted that the “sheer magnitude” of examuning all known
dicotyledons prohibited him from examining them all.®® We are then left
withont really knowing how many plants other than the 600 microscopically
examined would have given false positive resuits for the presence of rnarijuana.
Nakamnura's paper is as unclear about this as the 1972 paper by Nakamura and
Thornton.”

53, See METCALFE & CHALK, supranate 51,at 132629 (listing types of hair); List of Families in which
Certain Diggnostic Features Gecur, supra nole 51,2t 19093,

53, METCALFE & CHALK, supra note 51.

54. Thome, supranole 19, at 511,

55, I

%6. Wakamuora, supra aoke 7, at 15.

57, Seeid. ath.

58. Seeid.at5,15.

59, Id. atls.

60. See id at 5, 15; Thomton & Makamura, supré note 7,a1 15,
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The number of possible alternative plants that may have gystolithic hairs
of the same description as marijuana has expanded significantly.” If we were
io apply the same analytical scheme to the 199,350 plants proposed by
Thorne,” what would be the result? 1 have found nothing in the forensic or
scientific literature that discusses this issue. Papers that exist assume that the
only plant that will give a positive tfest for marijuana using the
Nakamura/Thornton protocol is marijuana.”® When we identify marijuana we
declare that the features seen and the data collected is unique to marijuana to
the exclusion of all other plants.* Can we say that today? Can law
enforcement officers without any training, experience, or educaticn in botany—
not to mention the taxonomic features of plants—say that what they are seeing
in the seized evidence is marjjuana to the exclusion of all other plants? Can
forensic 1ab examiners, after having detected the presence of bear claws and
clothing hairs on leaf surfaces, and then subjecting the material to the
Dugquenois-Levine test, say that those tests uniquely identify marijuana to the
exclusion of all other plants? According to Thorne there are 199,349 other
plants that share characteristics with marijuana.® Have we tested all of them?

Let’s consider what that testing would entail. First, we need o acquire the
plant specimens themselves, which isnot a simple task. This requires travelling
to an arboretum, or a number of them, and asking for specimens of plants
whose leaves have hairs similar to those found on marijuana leaves. Weneed
1o know the names of those specimens so that they are easy 1o locate. Then we
have to microscopically analyze each of those plants that have been determined
to have long and short single-celled non glandular hairs.® Although Nakamura
microscopically tested 600 of31,874 dicotyledons based on the classification of
Metcalfe and Chalk,” that does not mezn that we would necessarily test 600,
6,000, or 60,000. We cannot infer that simply because we have expanded our
database by a factor roughly of six that we will then have to microscopically
analyze six times 600 species, or 3,600 species. We just will not know the
number of plants that we must analyze until we find which new species have
those hairs.

The analysis also entails the use of the Duquenois-Levine fest, which gives
rige to another level of r:cmlplexit:y.EE At approximately the same time that
Nakamura and Thornton were publishing their study of marijuana analysis,
Fochtman and Winek of the Toxicology Department of the Allegheny County
(Pa.) Coroner’s Office published a note concerning marijuana testing and the

61. SeeThome, supra note 19, at 511

62. Id

63. See Thamion & Nakamura, supra nete 7, at 461-65.

64. See Nakamura, supranote 7.

65, f Thome, supranote 19, at 511 (noting the nurnber of dicotyiedons),
56. See Nakarmura, supra note 7, at 6.

67. Id.at5.

68. See infra tEXt nccOmpanying notes 83-87.
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Duguenois-Levine test.” Although the Duquenois-Levine test had been used
routinely over the past several decades, Fochtan and Winek recommend that
identification be made after the use of microscopic and chemical analysis
because of the importance of positive identification of marijuana.”® They
recommend the use of a thin layer chromatography or gas chromatography for
the positive identification of the cannabinols in marijuana and specifically
advised that “[tJhe microscopic and Duquenoi s-Levine chemical test should be
used as a screening method only.”"!

C.G. Pitt, working under a grant from the Law Enforcement Association
Agency and the State of North Carolina, also agrees with Fochtman and Winek
regarding the need for chromatographic testing:

In canclusion, it is believed that if the criteria fora positive Duquenois
test are rigorously adhered to, and botanical evidence is also available, then
the Duquenois color fest is a reliable screen for cannabinoids. However if
botanical evidence is not available, the ubiquitousness of phenols in nature
and their diversity of structure makes it mandatory to supplement the
colorimetric test with chromatographic evidence. This conclusion i8
substantiated by [Fochtman’s recent report] that certain commercial brands of
coffee give a positive Duguenois-Levine color test.””

Thornton and Nakamura seem to disagree with these conclusions
regarding chromatographic testing.” They note that “although a rigorous
identification of the marijuana plant may be effected through an examination of
its botanjcal characteristics, it is generally considered advisable to perform a
chemical test in most instances, and necessary 1o performitin others.”™ While
they go on to notz that “the Duquenois test, the most widely used chemical test,
is a somewhat enigmatic reaction whose mechanism js poorly understood,” one
is led to believe that the protocol can be used to rigorously identify marijuana.”
They did not, however, address the issue of possible false positives.7

The theme of identity continues through the paper of Hughes and Warner,
Drug Enforcement Administration chemists with the Mid-Atlantic Regional
Lahoratory in Washington, DC.” Despite testing a limited number of materials

69. Fredrick W. Fochtman & Charles L. Winel, .4 Nofe on the Duquenois-Levine Test for Marijuana, 4
CLINICAL TOXICOLOGY 287, 28785 (1971}

70. Id. 2t 288-89.

1. Jd.at289.

72. C.G. Pitt et al.,, The Specificity of the Duguenets Color Test for Marijuand and Hashish, 17 J.
FORENSIC SCI. 693, 699 (1972) (fromotes ormitted).

73.  Seegenerally Thomion & Nakamura, supra note 7 (discussing the benefits of chemical analysis on
cannabis samples).

74, H. at461.

75. Jd. at462.

76. See id. at 461-62 (failing lo discuss the problem of fillse positive culcomes with the Duquezois-
Levine testh

77. R.B. Hughes & V.J. Wamer, 4 Swdy of Fulse Positives in the Chemical Ientification of
Marifuana, 23 J. FORENSIC SCI 304 (1978).
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and presenting no data concerning the number of possible chemicals one might
find in the plant kingdom, Hughes and Warner, with a flair for the ipse dixit,
note that “if glandular, clothing, and unicellular cystolithic hairs are present
then either a modified Duquenois-Levine test or TLC when sprayed with Fast
Blue B salt are positive evidence that cannabis is present in the sample.”””"
They do not say that cannabis is conclusively present, just that the test results
are positive evidence that cannabis is present.” This is akin to saying that
because my car has four tires there is positive evidence that my car was
involved in the bank robbery where a car with four tires was used as a get-away
vehicle.

The myth involving the infallibility of the Dugquenois-Levine test is passed
on in such papers as that written by Coutts and Jones. They cite Pittas stating
that “[flew, if any, other plant products react identically in the Duquenois-
Levine test”™™ Without reading the Pitt paper, we would be left with the
impression that we had the solution to this identification issue. We would not
know of the pitifiully small number of samples Pitt actually tested, nor would
we have any idea of the significance of the number of chemicals found in

plants.”
IV. THE KURZMAN MYSTERY

This critique of marijuana testing follows Marc G. Kurzman and Dwight
S. Fullerton’s paper, Winning Strategies for Defense of Marijuana Cases:
Chemical and Botanical Issues.F? For any scientist, the fitle of this paper alone
is a strong warning that the contents are biased, are meant as winning straiegies,
and may be suspect. But this long and detailed treatise lays out the
fundamental flaws in the classical forensic marijuana analytical scheme so
clearly that even lay readers can understand.®” This paper is not a trick to be
played on unprepared prosecutors and triers of fact but instead is actually a
thorough study of the problem.“ Because Kurzman wrote his paperin 1975, 1t
would seem that the use of the hairs on marijuana leaves and the purple
alchemy of the Duquenois-Levine test would have long since been successtully
challenged and would no longer be useful as evidence in cousts oftaw.®® Atthe
very least, one would hope that the original experimental design proposed by
Nakamura would be revisited, and that a proper analysis would be conducted of

78. Id.2t309. Hughes and Warner linmited their study to thuse substances reperted o give a positive
response for marijuana wider varions tests, such o5 the Duquencis-Levine test. Ji st 304

79. Sezid.

80. RT. Coutis & G.R. Jones, 4 Comparative Analysis of Cannebis, 24 1. FORENSIC 8cI, 291, 291
{1978) (citing Pitt et al,, supra note 72, at §93-700).

81. SeePitt ¢t al, supra note 72, at 694-99.

82, M.G. Kurzmon & D.S. Fulleston, Winning Strategies for Defense of Marijunna Cases: Chemical
and Botanical Issue, | NAT'L . CRIM, DEF. 487, 52231 {1975).

83. Seegenerallyid. (givinga cormprehensive look at the successful acquittals of marijuanapossession
cases, the methods which identify cannabis, the inconsistencies in the law, and forensic analyses).

84. Seeid. at 389.

85. Secid. at518, 522.
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the over 250,000% flowering plants known at this time. But this has not
happened. In fact, many jurisdictions still only conduct microscopic analysis
and chernical tests.”” In some jurisdictions, identification is even carried out by
Jaw enforcement officers with no more than visual analysis, and suspected
marijuana is never even senttoa crime 1ab.® The issue that we are left with in
this mystery is stated so well by Tobin and Thompson:

[TThe next step for assessment of forensic gignificance involves estimation of
probabilities for determination of probative value. As noted earlier, there are
two crucial questions: (1) bow likely are the observed results if the samples
hed a common source; and (2) how likely are the observed results if the
samples did not have a common source?””

A review of the scientific literature concerning the identification of
marijuana by utilizing microscopic analysis of cystolithic hairs on alleged
marijuana leaves, as well as the chemical test known as the Dugquenois-Levine
test, reveals that the validity of the results is unknown if we do not know
whether the samples did or did not have a common source.””’ There has not
been enough basic research nor was the protocol preperly validated as time
went on.”! The Kurzman mystery here is simple: why is this protocol still being
utilized to decide whether human beings should be confined to cages and at
timnes, to death chambers?

V. SUMMARY

T 1969 and 1972, George Nakamura and John Thomton published
scientific papers that were based on good logic, employed a disciplined
approach to a very real problem, and offered a good protocol for the analysis of
maﬁjugna.gz That protocol depended upon the knowledge available to themat
the time.”” Neither Nakamura nor Thomton was a botanist; however, their logic
was correct. Yhey Were atternpting to identify crushed up plant material as
marijuzna to the exclusion of alt oiher dicotyledon plants.”* Dr. Nakamura’s

review of the scigntific literature revesied the presence of 31,874

4.

26. See Thome, supra noie 19, aL511.
84, SeePaul Giennetli, Expert Testimony and the Confrontation Clause, 22 Car. U. L REV. 45, 57-58

(1993). .
8. M.D.Blanchard & G.J. Chin, The Enemy in the War on Drugs: A Critique of the Developing Rule
Permnitting Visual Ideniification of Indescript White Powder in Norcotics Prosecutions, 47 AM. UL REV.
557, 58884 (1998}

B9. Wiltiam A. Tobin & William C. Thompsen, Evaluating and Challenging Forensic Identification
Evidence, CHAMPIGH, July 2006,aL 12, 17.

90, Seeid.

91, Seeid.

92. See Nakarnura, supra nele 7.

93, Seeid.

94, Sez Thomton & Nakarnura, supra nole 7, al 461.



2008] FORENSIC ANALYSIS OF MARIJUANA 15

dicotyledons®® After determining that there were 600 dicotyledons that had
trichomes on the surfaces of the leaves, he microscopically observed those 600
plants but could not microscopically differentiate eighty-two of them.”® He then
applied a chemical test which resulted in only one plant, Cannabis sativa, of
the 31,874 considered, passing through the sieve of his protocol.”

In 1975, Marc Kurzman and coauthors published a critical review of the
Nakamura/Thornton papers that has essentially been ignored by the legal and
scientific community.”™ This gave courts the answer to a vexing problem, but
courts did not question the validity of the Nakamura/Thomton protocol.
Though a number of other authors have noted issues with the original protocol,
forensic crime laboratories across the United States continue to use the original
Nakamura/Thornton protocol to identify marijuana_” Questions about validity
were not dealt with in such a manner that the protocol was serviced.'”
Servicing would have required newly discovered plant species to undergo the
Nalkamura/Thomton protocol to determine if they passed the gauntlet of
microscopic and chemical analyses resulting in false positives."”! But this never
happened.

Considering the marijuana identification problem as a model leaves us
with another question: Has anyone ever established an effective mechanism
within the justice system to determine if scientific protocols used to determine
the truth are actually valid? Unless we know if we are getting the right answers
from scientific laboratories, how will we know if we are convicting the innocent
based on flawed scientific evidence? When our answer to this question is that
defendants in courts of law are allowed to review the evidence against them to
stop flawed scientific evidence from being admitted in court, then the naiveté of
the court system 1§ exposed. Judges and lawyers without scientific credentiais
have obviously failed to detect serious flaws in crime laboratories as long as
crime labs have existed.'”

The model presented by forensic marijuana analysis in our attempt to
understand how immocent citizens ean be convicted of crime 1s clear.'” Weare

95, See Nekarmura, supra noie 7, at 6.
06, Seeld. sts.
97, Seeid.
98. See Kurzman & Fullerton, supra note 82.
99, See generally id. (discussing methods and inconsistencies in the identification and law of
marijuana).
100. Seeid.
101, See id. at 488-92 (discussing pruper procedures for testing protacols).
102. Seeid. at488.
103. Ryan King md Marc Mauer report the recent tarijuana stabistics in their treatisc:
Of the 450,000ncrease in drug arvests during the period 1950-2002, 82% of the growth was
for marijuana, and 79% for marijuena possession alone;
Marijuana arrests now constitule nearly half (45%) of the 1.5 million drug arrests annually;
Few murijuana arrests are for serigus offending: of the 734,000 marfjuma arrestin 2000, only
41,000 (6%} resulted in felony canviedon . . ..
KING & MAUER, supra note 4.
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arTesting vast numbers of citizens for the possession of a substance that we
cannot identify by utilizing the forensic protocol that is presently in use in most
crime labs in the United States.”™ We have no idea what the error rate of
marfjuana analysis is despite professed concerns of our justice system for
faimess and a need to determine the probative value of evidence put before it.
Do we really care about innocence?

104, Sez generally Kurzman & Fullerton, supra noie 82 (discussing methods and jnconsistencies in the
{dentification and aw of marijuanz).
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Article

The Visual Characterization and Identification
of Cannabis sativa (Marijuana) Seeds

Jenna L. Fussell!
John I. Thornton’
Frederic W. Whitehurst?®

Alstract: A study was conducted to creste a visual standard and
basis for the comparison and identification of seeds of Cannabis sativa
{marijuana) based on their appearance, Humulus (hop) seeds were
examined, because Humulus is phylogenetically related to Cannabis
sariva and is the only other genus in the Cannabinacese family. Seeds
of other plants whose leaf material had been previously shown to have
some similarity to the leaf material of Cannabis sativa were examined,
and additionally, a survey of approximately one thousand other seeds
was conducted to ascertain whether other seeds exist that could rea-
sonably be confused with Cannabis sativa. This work is intended to
give forensic workers more complete information relative to the visual
identification of marijusna seeds.

Introduction

Within the forensic science literature, and for that matter,
within the botanical literature as well, there is very little
documentation concerning the identification of marijuana seeds.
Although certainly the seeds have been described, the descrip-
tions tend to be brief, and in the forensic literature, there has
never been a systematic study to address the issue of whether
other seeds have a similar appearance to that of marijuana.
Under federal taw (21 U.S.C. § 502 (16)), possession of Cannabis
sativa seeds is illegal, and under some state laws (e.g., California
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Uniform Controlled Substances Act § 11018), possession is
unequivocaily illegal or illegal unless the seeds are sterile and
incapable of germination. The identification of seeds as being
those of marijuana and not of any other plant may therefore be an
element of & eriminal prosecution. In a forensie laboratory, using
2 chemical test to identify the seeds is problematic at the very
least, because the seeds rarely test positive for the presence of
cannabinoids by means of the classic Butler (Levine)-modified
Duquenois-Negm test unless they have come into direct contact
with the foliage or buds of the C. sativa plant.

The present work sought to create a visual standard and
a basis for comparison for the appearance and identifica-
tion of marijuana seeds and to relate the visual appearance of
marijuana seeds to other seeds that could pessibly be mistaken
for marijuana, It is hoped that this study will help the forensic
science and botany communities correctly identify C. sativa
seeds and give these communities a basis for comparison to
the seeds of other plant species, both similar and dissimilar
to C. sativa. It is also hoped that this will help to eliminate
any confusion surrounding the appearance and characterization
of marijuana seeds and augment the confidence with which C.
sativa seed identifications are made.

The classic work on the identification of marijuana is
Marihuana, Its Identification [1], a 1938 publication of the U.5.
Treasury Department Bureau of Narcotics. Forensic workers as
well as other personnel in law enforcement rely heavily on this
guide. The publication is almost exclusively devoted to detailed
descriptions of the foliage and flowering tops of the plant, and
very little information and photographic documentation is
devoted to the seeds. Curiously, within the forensic science
community, there has not been a study of the appearance of
marijuana seeds in comparison to other seeds. Given the fact
that chemical tests for marijuana are essentially inapplicable
to the idenlification of C. sativa seeds, the identification must
proceed by means of a microscopic examination, and clearly
it is very important to rule out other possible seed identities.
At the present, an expert witness testifying in court would
have virtually no basis to answer questions such as, What else
could this seed have been? What other seeds closely resemble
marijuana seeds? It would be especially beneficial to the expert
witness to have some knowledge of seeds that have a similar
appearance to marijuana seeds, as well as some knowledge as to
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whether plants that have a known similarity to C. sativa based
on the micrascopic appearance of their leaf material alsa share
a similarity in the appearance of their seeds.

QOther works [2, 3] treat the subject of C. sativa seeds, but are
silent with respect to any comparison to seeds of other species.
The number of “other species” is immense, Thorne 4] gives the
number as approximately 260,000 species in 13,553 accepted
genera.

Hunmulus (hop) is phylogenetically related to C. sativa, dem
the only other genus in the Cannabinaceac family. The forensic
literature has heretofore not provided illustrations of hop seeds.

The 1972 work of Thornton and Nakamura [5] indicated
that a number of plants have a similar appearance to marijuana
with respect to structures of the leaf material as seen under
the microscope. The occurrence of cystolith hairs is an impor-
tant criterion in the identification of marijuana leaf material.
Cystolith hairs were reported to occur among several dicotyle-
donous families, notably the Moraceae (mulberry), Boraginaceae
(forget-me-not), Loasaceae (evening star), and Ulmaceae (eim)
families. Other potentially similar plants, with respect to teaf
material, are in families Urticaceae (nettle), Verbenaceae
(verbena), Cucurbitacese (gourd), Acanthaceae {acanthus),
ard Campanulaceae (bellflower). However, no comparison has
heretofore been made between C. sativa seeds and the seeds of
these other plant families.

Method

C. sativa seeds were acquired from the California Department
of Food and Agriculture (CDFA) Seed Herbarium in Sacramento,
California, and the Napa, California, Sheriff’s Department. A
Leica EZ4D stereoscopic microscope with integral digital camera
was used to photograph the seeds. The seeds were photographed
on & background of millimeter square graph paper for purposes
of measurement. Seeds of other plants were obtained from the
CDFA Seed Herbarium. The CDFA Seed Herbarium houses the
second largess seed collection in North America.
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The present study addressed three issues:

1. Do hop seeds show any similarity to marijusna seeds,
given that Humulus is the closest plant to C. sativa in
the phylogenetic tree?

2. Do any of the plants described by Thornton and
Nakamura [5] as having leaf material in some way
similar to that of C. sativa share a similar appearance
with C. sativa with respect to seeds?

3, In an accessible reference collection of the seeds
of a large number of plants, such as the collection
maintained by the CDFA Seed Herbarium, are there
other seeds with similar appearance to marijuana?

Results and Discussion

The seeds of approximately one thousand seed plant species
were examined, Based on Thorne's approximation of there
being approximately 260,000 accepted seed plant species,
approximately 0.4% of the seed plant populatién was examined,
However, the CDFA collection includes most of the common
agronomically significant seeds.

Cannabis sativa Seeds

For a point of reference, C. sativa seeds were examined and
photographed. They measure approximately 4 to 5 mm long by
3 to 4 mm wide and are ovoid in shape. However, there is a
possibility that C, sativa seed dimensions could vary depend-
ing on whether or not the seed is wet or on the freshness of the
seed. A ridge runs around the circumference on ane axis only.
They range in color from golden yellow to dark brown, with
golden brown to black marbling on the seed shell. The marbling
is characteristic and distinctive, but is difficult to subjectively
describe in words. The marbling is a lacy network, but a photo-

graph (Figures | and 2) will invariably be more appropriate than
a verbal description.
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Humulus Seeds

Humulus is the only other genus in the Cannabinaceae family
besides C. sativa. Species examined included Hunmulus lupulus
(common name: common hop) and Humulus japonica (common
name: Japanese hop). The botanical difference between Humulus
and C. sativa has been described by Nakamura {6]. Though both
plants have bear-claw shaped cystolith hairs, Humulus is differ-
entiated from C. sativa by the presence of distinctive two-armed
unicellular hairs seated on the epidermis directly or on a multi-
cellular pedestal. A comparison between C. sativa and H. fupulus
shows a slight resemblance between the two seeds. . luprlus
seeds are generally a bit smaller, measuring approximately 3 mm
long by 3 mm wide, and they are more round in shape without the
ridge running around the circumference of the seed on one axis
as seen in C. sativa seeds. They have dark brown coloring, and
dark marbling can sometimes be seen on the seed shell, similar
to but distinguishable from the markings of C. sativa. The A.
lupulns seeds (Figure 3) tend to have a lighter brown, rough
outer covering (the hull} over the smooth seed shell.

Huymulus japonica seeds (Figure 4} are about the same size as
H. lupulus seeds and are also spherical in shape. They are dark
brown to black in color, and there is a consistent overlapping
pattern to their seed shell, resembling the scales of a snake. The
scaling pattern ranges in colors from gray to dark brown. To the
naked eye, there are visual similarities between marijuana and
hop seeds (similar sizes, coloring, and the presence of surface
features). Under the stereomicroscope, however, there is no
reasonable mistaking the difference between the two,

Seeds of Plants with a Similar Leaf Material Appearance to
Cannabis sativa Plants

Seeds from plants with a botanical appearance similar (but
not identical) to marijuana with respect to leaf material were
examined and photographed. These plants were chosen based on
the 1969 work of Nakamura [6] and the 1972 work of Thornton
and Nakamura [5], where plants with cystolith hairs, leaf hairs,
and so~called stinging hairs were microscopically compared to C.
sativa. Urticaceae (netties), Moraceae (mulberry), and Ulmaceae
(elm) are taxonomically closely related to the Cannabinaceae
{hemp) family.
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Moraceae Family -

The seeds mrmz were examined from plants in the Moraceae
(mulberry) family included Broussonetia papyrifera {(common

w.Emen paper mulberry ) and Ficus carica (common name: edible
ig).

B. papyrifera seeds (Figure 5) measure approximately 2
mm by 2 mm and are spherical in shape. The seeds range in
color from golden brown to dark brown, and the seed surface is
covered in small bumps. Based on appearance, it is unlikely that
marijuana seeds would be confused with paper mulberry seeds,
F. carica seeds (Figure 6) are golden yellow to orange in color.
They measure approximately 1.5 mm by 1.5 mm and are also
spherical in shape. The seeds have a rough surface with small
dimples, reminiscent of an orange peel. Based on the differences
in size and seed color, it would be nearly impossible to mistake
F. carica seeds for marijuana seeds,

Loasaceae Family

The seeds that were examined from plants in the Loasaceae
{evening star) family included Cajophora lateritia (common
name: Chile nettle) and Petalonyx thurberi (¢common name
sandpaper plant). C. lateritia seeds (Figure 7) are quite small,
ﬂammclpm approximately 0.5 mm wide by 1 mm long. They are
irregularly shaped and are datk brown with small, light brown
craters covering the entire surface of the seed. The seeds are
distinct looking and share no similarities with C. sativa seeds.
P. thurberi seeds {Figure 8) are cream colored, and have a very
a.E:E: appearance. They are covered in small, spiny, thistle-
like structures and have the shape of a budding flower, They are
larger than marijuana seeds, measuring approximately 5 mm by

5 mm. P. thurberi and C. sativa seeds share no similarities in
their appearances.

Boraginaceae Family

The seeds that were examined from plants in the Boraginaceae
{borage) family included Anchusa officinalis (common name:
common bugloss) and Lithospermum officinalis (common name:
common gromwell). 4. officinalis seeds (Figure 9) measure
approximately 2 mm wide by 2.5 mm long. They are irregularly
shaped and are dark brown in color with small, light brown
bumps covering the entire seed surface. Some of the seed edges
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have ridges. The sceds do not possess 4 similar appeatrance to
C. sativa seeds. L. officinalis seeds (Figure 10} are white, and
the seed surface is very shiny and smoath. The seeds measure
approximately 3 mm long by 3 mm wide and are ovoid in shape.
Although their size and shape are similar to C. sativa seeds, the
differences in their color and markings makes it easy to distin-
guish between the two seeds.

Urticaceae Family

The seeds that were examined from plants in the Urticaceae
(nettie) family included Urtica dioica with stinging hairs
{(common name: stinging nettle), Urtica urens with stinging hairs
{common name: dwarf nettle), and Boehmeria nivea (common
name: Chinese grass), U, dioica (Figure 11) seeds are light brown
in color and ovoid in shape, They have small hairs covering the
entire seed surface, and the seeds measure approximately 1.5
mm by | mm, which is significantly smaller than marijuana
seeds. There are small “wings” emerging from each side at the
base of the seed. The small hairs also cover the “wings”. U.
divica and C. sativa seeds share no similarities in appearance.
U urens seeds (Figure 12} are very similar to U. dicica seeds.
They are deep green in color, however, and do not appear 10
have the “wings” coming off each side at the base of the seed.
{7, urens seeds could not reasonably be visuaily mistaken for C.
sativa seeds. B. nivea seeds (Figure 13) are very small, measur-
ing approximately 0,75 mm by 0.75 mm. They are brown in calor
and have small hairs covering the seed surface, They are also
ovoid in shape, but the extreme differences in size and texture
would prevent these sceds from being confused for marijuana
seeds. 1t is possibie that the accompanying phatographs and
the foregoing descriptions above of U. dioica, U. urens, and B.
nivea seeds are not describing the naked seeds. 1t s possible that
the naked seed resides inside of 2 hair-covered hull; however,
these seed specimens are so small that a dissection could not be
performed to make this determination, and in any event, they
will not be reasonably confused with C. sariva.

Jouenal of Forensic Identification
58 (5), 20094 575



Verbenaceae Family

The seeds that were examined from plants in the Verbenaceae
(verbena) fTamily included only Lantana camara (common name:
lantana). L. camara seeds (Figure 14) measure approximately 4.5
mm long by 4 mm wide. They are dark brown to black in color.
They are irregularly shaped with small, dark craters covering
the entire seed surface. These characteristics would prevent L.

camara seeds from being mistakenly identified as C. sativa
seeds.

Acanthaceae Family

The seeds that were examined from plants in the Acanthaceae
family included only Acanthus mollis (common name; bear’s
breech). 4. mollis seeds (Figure 13) are, relatively speaking, very
large; they measure approximately 12 mm by 8 mm. They are
dark brown in color. They are circular in shape, but flat. They
have rippling along the entire seed surface that looks similar
to water ripples in a body of water, Based on size alone, there
is mo credible possibility of 4. mollis seeds being mistaken for
marijuana seeds.

For this study, there were several plant specimens mentioned
in the work of Thornton and Nekamura {5] that could not be
procured, either at the CDFA Seed Herbarium or the University
of California Davis Herbarium. These were the species:
Dorstenia contrajerva (common names: contra heirba or
tusilla - Moraceae family), Morus nigra (common name: black
mulberry - Moraceae family), Loasa chelidonifolia (Loasaceae
family), Bucnide lobato (Loasacese family), Mentzelia albes-
cens (common name; wavy leaf blazing star - Loasaceae family),
Symphytum officinalis (common name; comf{rey - Boraginaceae
family), Lithospermum purpurocaeruleym (common name:
purple gromwell - Boraginaceae family), Cordia gerascanthus
(common name: yauco - Boraginaceae family), Tournefortia
scabra (common name: West Indian soldier brush - Boraginaceae
family), Parietaria officinalis (common name: upright pellitory -
Urticaceae family), Pilea pubescens (Urticaceae family), Lippia
citridora (Verbenaceae family), Ulmus campestris (Ulmaceae
family), Celtis occidentalis {common name: common hackberry
- Ulmaeceae family), Melothria gualapensiz (Cucurbitaceae
family), and Campanula americana {commen name: American
bellfiower - Campanulaceae family), It is disappointing that
these seeds are not accessible, but reflects the reality of the
situntion with respect to seed collections, Jim Effenberger,
Senior Seed Botanist of the CDFA Seed Herbarium states [7]:
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During the past 100 years plant herbaria collection resources
and related floristic references have dramatically improved
in size and diversity. Conversely, during the same period
associated seed collection resources and corresponding
descriptive references heve expanded at & much slower rate
and meny are limited to seeds primarily from agriculsural
crops and weeds, This restriction of reference resources
has created significant issues contributing to the complexi-
ties of identifying and describing unknown seed specimens
including: the tack of seed specimens matching existing
herbarium specimens and corresponding written morpho-
logieal descriptions; the sparse geographical distribution of
seed collections: end other ensuing problems involved with
accessing limited resources, collecting, .E.mmm_.ium and
photographing appropriate specimen material.

The Federal government's Noxious Weed Seed Project initi-
ated by the United States Department of Agricuiture in 2001
to create useable photographs and written descriptions of
Fedaral Noxious Weed Seeds experienced delays and acces-
sibility problems due to the limited collection resotirces of
seed specimens. Approximately 98 species of noxious weed
seeds were included on the project list for identification,
Over a period of many months the Supervising Botanist was
compelled to access numerous herbaria and seed collections
in different States in order to obtain accurate comprehensive
photographic documentation, Many of the seed collections
lacked written descriptions and thus required develepment
by the Project. Completion of the project spanned more than
two years as a result of the limited availability of pertinent
collection material and references.

Although some of the desired seed specimens could not be
examined or described, it is offered that the conclusions of
this study are still credible and helpful in the visual charac-
terization and identification of C. sarive seeds. Althaugh the
Dorstenia contrajerva and Morus nigra species within the
Moraceae family were not examined, the Broussonetia papyr-
ifera and Ficus carica species within this family were examined,
Although the Parietaria officinalis and Pilea pubescens species
within the Urticaceae family were not examined, the Urtica
dioica, Urtica urens, and Boehmeria nivea species within this
family were examined. Although the seeds of a number of plants
within the Boraginaceae family were not available for inspec-
tion, the seeds of Lithospermum officinalis within this family
were examined. In a similar fashion, although a number of the
seeds of plants within the Loasaceae family were not available,
the seeds of Cajophora lateritia and Petalonyx thurberi within
this family were examined. And although the seeds of Lippia
citridora within the family Verbenaceae were not examined, the
seeds of Lantana camara in this family were examined,

Journai of Forenslc Identification
59 (5), 2008\ 577



Seeds with a Similar Appearance to Cannabis sativa Seeds

For this portion of the study, seeds were examined for similar-
ities to marijuana seeds, independent of plant botany. This was
the “shotgun” approach to the question of whether other seeds
will show a similarity to those of C. sativa. The literature,
together with the extended seed collection of the CDFA Seed
Herbarium, was surveyed for any seed that might be confused
with C. sativa. Tt was found that several plants, unrelated to C.
sativa, have seeds with a similar appearance to C. sativa.

Using the U.S. Department of Agriculture’s handbook [8], the
photographs of approximately 735 seed species were examined.
Using the photographs as a guide, 15 different seed species were
selected as potentially being similar in appearance to marijuana
seeds based on size, shape, and markings. The 15 seed species
were then screened at the CDFA Seed Herbarium and included
the following: Echinochloa celona (common name: jungle
tice), Digitaria ischaemum (comimon name: smooth crabgrass),
Panicum bergii (common name: Berg's panicgrass), Panicum
milizceum (common name: broomcorn millet), Setaria italica
(common name: foxtail bristlegrass), Muscari comosum {common
name; tassel grape hyacinth), Polygonum persicaria (common
name: spotted ladysthumb), Fumaria officinalis (common name:
drug fumitory), Cardaria pubescens (also called Hymenophysa
pubescens common name: hairy whitetop), Raphanus sativus
(common name: cultivated radish), Lathyrus sylvestris {common
name: flat pea), Lathyrus tuberosus (common name: tuber-
ous sweetpea), Pisum sativum {common name: garden pea),
Vicia sativa (common name: garden vetch), and Crofon setiger
(common name: dove weed). Based on size, shape, color, and
surface markings, none of these seeds have an appearance that
could reasonably be confused with C. sativa.

Additionally, as part of the “shotgun” approach, the seeds
of the CDFA Seed Herbarium were browsed. Several species
yielded interesting results, The following seeds were gelected
while browsing the CDFA seed collection, or at the suggestion
of Jim Effenberger, Senior Seed Botanist and AOSA Certified
Seed Analyst at the CDFA Seed Herbarium. The first similar
looking seed is in the Apiaceae (carrot) family, genus and species
Coriandrum sativum (common name; coriander or cilantro). C.
sativum seeds (Figure 16) measure approximately 4.5 mm long
by 4 mm wide. They are spherical in shape and have solid, dark
brown coloring with random light brown blotches, They have
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transverse ridges running from the top to the bottom of the seed.
The size, shape, and coloring of coriander seeds are similar to
marijuana seeds to the naked eye. However, when viewed under
magnification, the ridges and coloring are clearly distinguish-
able from marijuana seeds. The ridges are a clear feature o
distinguish C. sativum from C. sativa,

Another similar looking seed is in the Chenopodiaceae
{goosefoat) family - Spinacia oleraceae {common name:
spinach). Spinach seeds (Figure 17) measure approximately 4
mm long by 3 mm wide. They are ovoid in shape, but are flatter
than marijuana seeds. Their rippled surface gives the appearance
of the marbling on a marijuana sced. They are golden brown
in color with some randemly placed darker brown spois. Their
similarities in size, shape, and perceived color patterns make
§. oleraceae seeds likely candidates for confusion in unaided
visual identification.

Another similar looking seed is in the Fabaceae (legume)
family — Lupinus albifrons (common name: silver lupine). The
silver lupine seeds (Figures 18 and 19) display considerable
similarities to marijuana seeds. They measure approximately 5
mm long by 4 mm wide and are ovoid in shape. They are golden
brown to dark brown with dark brown marbling on their shell.
They do appesr to have a glossier surface than most marijuana
seeds and, under magnification, it is apparent that the patterns
on the seed shell are different from those on marijuana secds.
The marbling appears more mottled than C. sativa and lacks the
well-defined lacy network characteristic of C. sariva.

Additionally, another species (Figures 20 and 21) from the
Lupinus genus was examined -~ Lupinus texensis (common
name: Texas lupine). They, too, are golden brown with dark
brown marbling on their shell. However, in comparison with
C. sativa, they are more round and flat in shape. They measure
approximately 4 mm by 4 mm, and they have what looks like a
tail at one end of the seed. The seed surface appears to be glossy,
as with the silver lupine seeds. To the unaided eye, these seeds
could also be misidentified as marijuana seeds.

Another similar looking seed is in the Vitaceae (grape)
family — Vitis girdiana (common name: desert wild grape).
Grape seeds (Figures 22 and 23) may be expected to be within
the experience of virtually everyone, unlike many of the other
seeds mentioned in this work. Nevertheiess, they deserve some
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mention. V. girdiana seeds measure approximately 4.5 mm
long by 4 mm wide. They are dark brown in color and have
lighter brown markings and indentations covering the entire
seed surface. They have an irregular ovoid shape. To the naked
eye, the similarities in color, size, and shape could, under some
circumstances, cause confusion with marijuana seeds. However,
under the stereomicroscope, the desert wild grape and marijuana
seeds could not he credibly confused for one another.

Another similar looking seed is in the Brassicaceae (mustard
or cabbage) family — Crambe abyssinica (common name: crambe).
C. abyssinica seeds (Figure 24) have cream to light brown color-
ing with small, black spots randomly distributed over the seed’s
surface. They measure approximately 3 mm by 3 mm and are
spherical in shape. Their seed surface is textured like an orange
peel, and very faint ridges can be seen running from the top to
the bottom of the seed, At first glance, the similarities in size
and coloring cause them to look similar to marijuana, but the
spherical shape allows for differentiation upon a microscopic
examination.

Another similar looking seed is in the Euphorbiaceae (spurge)
family — Croton californicus (common name: California croton).
C. californicus seeds (Figures 25 and 26) measure approximately
5.5 mm long by 4 mm wide. They are ovoid shaped and have a

smooth surface. They are golden brown in color with darker

brown marbling covering nearly the entire shell surface. Some of
the surface markings appear to be black in color, Like the silver
lupine seed, the California croton seed also has one of the most
similar appearances to marijuana seeds, although the surface
marbling does not have the definition seen on marijuana seeds.

Conclnsion

The benefit from this research is the information it will
provide to members of the forensic science and botany commu-
nities regarding the physical identification and appearance
comparison of marijuana seeds. 1t is hoped that this study will
also provide weight and credibility to a potential expert witness
testimony regarding the positive identification of marijuana
seeds, The expert witness will now have a basis for comparison
to other potential similar looking seeds. The present study fills
a portion of the gap in C. sativa botanical research.
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The seeds o&umuius, being the closest relative to C. sativa,
are clearly distinguishable from those of C, sativa. To the extent
that their seeds were available for the present study, none of
the plants whose leaf material is in some way similar to that
of C. sativa display seeds that cannot be clearly distinguizhed
from C. sativa. Seeds that do have a similar appearance to C.
sativa are unrelated to the C. sativa genus and species, Of the
approximately 1,000 species surveyed, the Lupine species and
the California croton seeds have the most similar appearances
to C. sativa seeds. Caution should be exercised that these seeds
of these species are not confused with C. sativa.

1t is appropriate here to set forth a caveat, lest the findings
of this study be used in support of an offered opinion that the
evidence in question is C. sativa and no other plant. The identi-
fication of C. sativa, whether leaf material, buds, or seeds,
has always rested on rather fragile and tenuous grounds, The
1972 work by Thornton and Nakamura surveyed 146 genera
in 26 families. That work attempted to include common plants
and spices, but it cannot be construed as a complate survey
of the plant kingdom, and for that reason slone, the botanical
identification of leaf material must be approached with a signifi-
cant measure of diffidence. The same comment must be made
with respect to the current work. Although approximately one
thousand seeds were examined in the present study, there is no
absolute guarantee that 2 survey of another thousand would not
reveal a plant with seeds so similar, based on visually observable
characteristics, as to represent a threat to the identification of C.
sativa. The present study does resolve an important previously
unanswered question concerning Humulus, and the present study
does in part resolve the question concerning plants whose leaf
material is known to have some similarity to C. sativa, although
some species with previously described similarity were not
examined in the present study. The fact that some plants within
a genus show differences in seed marphology is troubling; the
question remains, If different plants within a genus show distinct
differences, is it possible that plants in different genera will
show distinet similarities? The present study cannot answer
this question. It is apparent that the entire display and arrange-
ment of seed features, although diverse, are spread across the
plant kingdom and are not confined to certain genera, or even
to certain families. And finally, in the “shotgun” phase of the
present study, an extended museum of seeds was consulted
for seeds having a similar appearance to C. sativa, “similar”
meaning close accord in size, a ridge running around the circum-
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ference on one axis, the presence of lacy “marbling”, and color,
the latter feature being given less weight given the fact that
seeds of a species may vary from specimen to specimen. The
seed herbarium consulted is constantly augmenting its collec-
tion, and there is no guarantee that the next specimen submitted

will not be similar to C. sativag in all observable features.
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Appendix A

Cannabinaceae Cannabis sativa Seeds

Figure 1
Cannabis sativa (marijuana), Aciual seed length 4.5 min.
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Cannabis sativa (marijuana), Actual seed length 5 mm.
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