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FOREWORD

The ACS Syaposrunt SEriEs was founded in 1974 to provide
a medium for publishing symposia quickly in book form. The
format of the Series parallels that of the continuing ADVANCES
IN CHEMISTRY SERIES except that in order to save time the
papers are not typeset but are reproduced as they are sub-
mitted by the authors in camera-ready form. Papers are re-
viewed under the supervision of the Editors with the assistance
of the Series Advisory Board and are selected to maintain the
integrity of the symposia; however, verbatim reproductions of
previously published papers are not accepted. Both reviews
and reports of research are acceptable since symposia may
embrace both types of presentation.



PREFACE

he preparations of Cannabis sativa L., including marijuana and hash-

ish, represent the most widely used group of illicit drugs in the world;
they are consumed by an estimated 300 million people. A recent poll by
the National Institute of Drug Abuse indicated that 53% of the popula-
tion in the U.S. between the ages of 18 and 25 have tried marijuana and
that the percentage is increasing.

In the last 15 years since Mechoulam isolated and identified the
active ingredient in marijuana, tetrahydrocannabinol, scientific research
has intensified, espccially in the pharmacological area. The analytical
chemistry of marijuana has progressed from the analysis of tetrahydro-
cannabinol and other cannabinoids in plant material to the much more
difficult problem of quantitation of tetrahydrocannabinol and its metabo-
lites in physiological fluids. Recent advances in physiological fluid analy-
sis were discussed in a symposium at the 173rd ACS National Meeting
in New Orleans. This book offers representative papers from the different
analytical methods presented at that meeting from worldwide experts in
the field. Following an introductory paper, analytical methodologies
using gas chromatography, mass spectroscopy, radioimmunoassay, high-
pressure liquid chromatography, and thin-layer chromatography are
presented.

It is a pleasure to express my gratitude to the participants in the
symposium for their interest and enthusiasm as well as to their spirited
discussions following presentation of the papers. To the authors of
papers in this volume, a heartfelt thanks for their generous contribution
of time and effort. The patience of my secretary, Debbie Camp, and the
proofreading ability of my wife, Yvette, are also gratefully acknowledged.

University of Scranton JoE A. VinsoN
Scranton, PA 18510
January 2, 1979
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A Survey of Metabolic Transformations of

al -Tetrahydrocannabinol

SUMNER BURSTEIN
Worcester Foundation for Experimental Biology, Shrewsbury, MA 01545

Comprehensive reviews of the metabolism of Al-te-
trahydrocannabinol (Al-THC) are available (1,2) so that
this paper will be limited to an overview of the sub-
ject with a somewhat greater emphasis on recent devel-
opments,

It is less than eight years since the first re-
ports on this subject have appeared. At that time,
four groups almost simultaneously published findings on
both Al and A6-THC, Nilsson et al. (3), Wall et al. (4),
Foltz et al. (5) and Burstein et al. (6). AIl four
laboratories independently showed that the 7 position
was hydroxylated in both Al and A®-THC (Figure 1).

This has since been shown to be the major initial point
of metabolism in virtually every system tested thus far.

YCH 3 CH 3 OH

2 OH . ‘ OH
L L X

CsHy

CSN“

&'~ Tacrshydrocannabinet 7- Hydroxy —
&' - Tetrahydarocannabinel

Annals of the New York
Academy of Sciences

Figure 1. Oxidation of A'-THC (7)

0-8412-0488-8,/79/47-098-001$05.060/0
© 1979 American Chemical Society



2 CANNABINOID ANALYSIS IN PHYSIOLOGICAL FLUIDS

The characteristics of this reaction were studied
by Burstein and Kupfer (7) who showed that it followed
the pattern of a typical mixed-function oxidase system.
They showed that all the metabolizing activity occurred
in the microsomal fraction and that oxygen and NADPH
were required. Other agents such as SKF-525A (f-di-
ethylaminoethyldiphenylpropyl acetate), Burstein and
Rupfer (8), and DDT, Kupfer et al. (9), were reported
to inhibit this hydroxylation process.

Metabolite 9  Metabolis Metabolizing Authors
system system
CHOH
‘ o caboit liver o. on
rat Ttver ‘
° @ rat 1iver @ sonkey 1iver Gurny ot al. (1972}
wen o
HO. oH wouse
‘ rabait Tiver o o
o @ [ o @ 90g Tung Viduen ot o1, (1975)
o dog liver Widman et at. {1975)
HO ‘ oH OH
@ Fapbit 1iver ‘ oM dog tung Widman ot 2). (1975)
0 o @ g liver Widmen ot al. {1975)
L
L7 om
morkey 11ver
° rabbit Hiver
CHO
QXL
@ at iver
o

Figure 2. Ozxygenated metabolites of A'-THC

In the subsequent years, a number of other mono-
hydroxy-Al-THC derivatives have been isolated from
various metabolizing systems (Figure 2). These have
been of two types: hydroxyls allylic to the Al-double
bond and sidechain hydroxyls. No evidence for aromatic
hydroxylation has thus far been reported, although
these positions are chemically reactive and there is
biochemical evidence for C-C glucuronide formation at
the 4'-position of AS-THC, Possibly such catechol type
metabolites of Al-THC are unstable and may be lost dur-
ing the extraction and isolation procedures.



1. BURSTEIN Metabolic Transformations 3

Another expected monohydroxy- Al—THC which has thus
far remained undiscovered is 3-OH-Al-THC. This posi-
tion is both allylic and benzylic and would therefore
be expected to be highly susceptible to attack. The
possibility exists that this product is, in fact, formed
but may readily dissociate leading to a Al,3-diene
which could serve as a precursor to other more stable
metabolites such as cannabinol (CBN). This point will
be discussed further in connection with certain observed
transformations in a later section of this paper.

CHO COOH

“To

Research Communications in
Chemical Pathotogy and Pharmacology

Figure 3. Metabolism of A'-THC at the 7-position (10)

Several of the monohydroxy-THCs are further oxi-
dized to the corresponding aldehydes or ketones Ben-
Zvi and Burstein (10) have identified 7-oxo-Al-THC
(lower left of Figure 2) as a product of Al-THC when
incubated with rat liver microsomes. Although it has
not been demonstrated, it seems certain that 7-0OH- Ao
THC is the precursor for this transformation (Figure
3). The levels of this aldehyde in human tissues are
unknown at this time, however, it is of interest to
speculate on the possible toxicological effects of such
a substance particularly in a chronic exposure situa-
tion. The a,B-unsaturated aldehydes such as crotonalde-
hyde are hlghly toxic and have been implicated in car-
cinogenesis. While 7- oxo-Al-THC shows no acute effects,
long term exposure to this unsaturated aldehyde may
produce undesirable reactions.

Gurny et al. (l1) have isolated 6- keto-Al-THC from
the incubation of monkey liver with Al-THC. As with
the aldehyde above, it seems likely that the correspond-
ing hydroxy-THC is the precursor of this metabolite,
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The compound 60-0OH-A1-THC has been found by Wall (12)
in human plasma so that it would not be surprising if
there are detectable levels of the ketone as well.

A monooxygenenated metabolite which arises by a
different process is the 1la,2c0-expoxide (Figure 2).
This substance was first reported by Gurny et al. (11)
as a monkey liver product from 41-THC; it has since
been isolated by Ben-Zvi and Burstein (12) who used
rabbit liver microsomes (Table 1).

Table 1
Mectabolism of A'-THC by rabbit liver microsomes (12)
Tle Retention time Principal ionst
zonc R/ Assignment* (min) (Mre)

1 067 A'-THC acctate

2 040 1.2x-Epoxyhexahydro- 57 37(25). ISTQRSL 33AS0L FISLTSY 31245

canniahinol acetate 29K(100), 2KR(S5), 2THTS). 2M(R-R)
6x-Hydroxy-A'-THC 70 372341 3541001 3I3K21), 31 AK2) 297(65) 2951K)

diacetate

3 030 7-Hydroxy-A'-THC 75 372(3-K) 354(43). 31201001 297(28) 25931
diacctate

4 013 62.7-Dihydroxy-A'-THC 13 412(34). 397(5). 370(9) 355(12). 33747)
triacetate 31K46), 295 100)

* All materials were acctylated prior 1o tic. with a mixture of acetie anhydride and pyridine. Tl¢. system: Sibica

gel G. hexane cther (7:3)
t The spectra were obtained on a Finnegan 1015 at 70 eV, The column conditions were: 2 t, 27, OV-1; 1X0 240
(8 /min); carrier gas. He: inicctor temp.. 255°. Numbers in parentheses refer to relative intensitics.

Biochemical Pharmacology

This metabolite like the 7-oxo product mentioned above
may also have toxicological consequences. Although
chemically quite stable, it may react in vivo with
cellular components such as DNA which could lead to pro-
found alterations in cellular processes.

The further oxidation of the 7-position, to a car-
boxylic acid group (Figure 3) leads to a major group
of metabolic end products. The first substances iden-
tified in this series were side-chain hydroxylations.
The 1"-and 2"-hydroxy derivatives which were reported
by Burstein et al. (13) and shown in Figure 4. These
were found in rabbit urine and appeared to be present
as base-sensitive conjugates,

The parent Al-THC-7-oic acid (lower left of Figure
4) has since been found in the monkey by Wall and Brine
(14) and in the mouse, Harvey and Paton (15). The
latter authors have also reported the 3"-hydroxy deri-
vative and the 2",6-dihydroxy derivative as metabolites
in the mouse (16). A series of acids in which the car-
boxyl group is in the side-chain have been isolated by
Martin et al. (17). The structures were established
by mass spectral analysis and by conversion to the
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corresponding alcohols which had been_synthesized. The
metabolites were shown to be 5"-nor-Al-THC-4"-oic acid,
4" ,5"_bisnor-Al-THC-3"-0ic acid, and 3",4",5"-trisnor-
Al-THC-2"-0ic acid; the second substance was a major
product in the guinea pig. A fourth metabolite in which
the side-chain was reduced to a single carboxyl group
was tentatively identified; this substance is analogous
to the CBN derivative which was tentatively reported by
us (18,19). Nordguist et al. (20) identified a bisnor-
dicarboxylic acid metabolite from the rabbit in which
the side-chain is reduced to three carbon atoms (Figure
4) . All of these acids and hydroxyacids probably re-
present detoxification products of 41-THC since they
are a major fraction of the excreted metabolites.

Polyhydroxy derivatives of Al-THC have also been
isolated by several groups (Figure 4). The positions
involved are the same as those found for the monohy-
droxy-THCs and for the hydroxy-acids suggesting that
these all arise by similar pathways.

Metabolite Metabolizing Authors Metabolite Metabolizing Authors
system system
HOH COOH
HO oH @ OH
‘ rat Tiver watl et al. (1970} @ monkey Ben-Zvi et a1 (1974)
IO o
CHZOH COOH
HO. OH ‘ oM
@ rat liver Mall gt a1, (1970) @ rabbit Burstein et at (1972)
o 0
oH
CN*JN COOH
OH OH
‘ monkey liver Nalt A Brine (1976} ‘ OM Fabbit Burstein et al (1972)
RE) RO
OH
NzON COOH
OH OH
O o et b e O - are & e 1576
0 T RO
OM
CHOH COOH
OH ‘ OH
‘ womkey 11ver wall L Brine (1976} rabbit Nordquist et al (1974)
° @ mouse darvey & Paton (1976} 0 @ COOH
OH
COOH COOH
OoH oH
‘ moneey 1rver Wall & Brine (1976) ‘ oM mouse Harvey & Paton {1976}
@ mouse Harvey b Paton (1976} @
0 0

Figure 4. Polyoxygenated metabolites of A'-THC

For some time it has been suspected that Al-THC
may be transformed into CBN in vivo. Widman et al.
(21) found a small amount of CBN in rat bile which




CANNABINOID ANALYSIS IN PHYSIOLOGICAL FLUIDS

could not be explained as a contaminant of the Al-THC
which was administered. McCallum et al. (22) have
given more convincing evidence by monitoring rat blood
at short time intervals post injection (Figure 5). An
interesting feature of their findings was the very
transient nature of the CBN in blood. It seems that

the pharmacokinetics of CBN may be somewhat different
than that of Al-THC.

10—1

(L

8" -THC CONCENTRATION (ug/ml)

CON  CONCENTRATION (ug/ml}
o
-
I

- I
N T

e
500

TIng (SECONDS)

Raven Press
Figure 5. Cannabinoid blood concentrations after iv administration of 1 mg of
AL-THC to the rat (22)

If CBN is formed in vivo, the appearance of oxy-
genated CBN metabolites as excretion products would be
expected and this has proven to be the cast. Quite in-
dependently, Ben-zZvi et al. (23) has identified CBN-7-
oic as a sizable fraction of the urinary monkey meta-
bolites of Al-THC. It is, of course, possible that
this metabolite could arise by a route not involving
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CBN itself. As shown below in Figure 6, the aromatiza-
tion process could occur after the oxidation of the
methyl group by a sequence such as outlined in the upper
part of the figure. All of the intermediates in this
proposed sequence have been shown to be metabolites of
Al_-THC lending support to this pathway.

CHZON CHO COOM COOH
Wy Db
Ao © /.'\o © Ao @

/ \ COOH
‘ OH © OH
o b

[¢]

CHZOH

N .

Figure 6. Possible routes for the production of CBN-7-oic acid from a'-THC (19)

The alternate route via CBN shown in the lower
part of Figure 6 is also supported by experimental
findings, CBN has been reported to be converted to 7-
OH-CBN by Widman et al. (24) and the further transfor-
mation to the acid was demonstrated by Burstein and
Varanelli (18).

The question of how Al-THC could be transformed
to CBN was touched upon earlier in this paper. A
plausible explanation is that one of the three allylic
monohydroxy metabolites of Al-THC undergoes a loss of
water to give the corresponding diene; this in turn
could be readily oxidized to the aromatic system (25).

In view of the nature of this symposium, it is
appropriate to mention several other aspects of THC
metabolism as a background for subsequent papers. As
in the above discussion on transformation products, the
subjects of route of administration, species variation,
excretion patterns and plasma levels are covered in
depth in several monographs by Mechoulam (25), Braude
and Szara (26) and Nahas et al. (27). Therefore, only
a limited number of reports will be cited as examples
of the type of data which has appeared.

As can be readily seen from Figure 7, Lemberger
(28) has found the route of administration has a major
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effect on plasma levels of AL-THC. The intravenous
route gave the highest values, inhalation was lower and
the oral route gave the lowest, This seems reasonable
since the drug in the first instance is injected di-
rectly into the compartment where it is subsequently
being measured. The plasma levels of metabolites are
somewhat higher than those of THC as is shown in Figure
8; also there are the expected variations in subjects.

'IOOOF

Tl
§ |
T |8
E \ v
= LN
10 \
' \
i\ \\
f“ \I\nha!ation
jo N
i \ Oral \\
N L U VU
12 24 36

Hours after '4C-A%-THC administration
Springer-Verlag

Figure 7. Plasma levels of unchanged “C-A%-THC after oral or iv administration
and inhalation of C-A*THC. Each curve represenis a typical subject (28)

Agurell (30) has observed species differences in
exXxcretion patterns as is illustrated in Figure 9. The
rat resembles man in having a low proportion of meta-
bolites in the urine; the rabbit, on the other handg,
disposes of most of the metabolites via the kidney.
These differences are also reflected in the rate of ex-
cretion; the rabbit being the most rapid.

The composition of the metabolite mixtures shows
a quantitative dependence on species, Table 2 com-
pares the transformation of Al-THC by rat and mouse
liver microsomes under similar conditions. While the
principal products were the same in both species, there
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were substantial differences in the proportions of
each. Moreover, the mouse appeared to be more effec-
tive in metabolizing Al-THC overall.

2000 r r ( .

1000+ - - _

500 ‘ [ o = - |

T

Ether
extract

6]
o]

Radioactivity (dpm/mi)

Time (hours)

Science

Figure 8. Plasma levels of A'-THC, ether-extractable radioactivity, and total
radioactivity after iv injection of “C-A-THC (5.6-7.9 pg/kg) in three human

subjects (29).
Rat Rabbit Man
60 |- 60F 60 -
Total

S0r Total  50F 50
£ a0} 40 Urine 40t
c
g
w — -
S 30r 30
w

201 201 Feces 20

10 [o] @ 10 Urine

O O O I | | 1 I 1 1 1
012345678 [e] | 2 3 o} 8 16 24
Time (days) Time (days) Time (days)

Churchill Livingstone

Figure 9. Cumulative excretion of label after administration of *H-A'-THC in
rat, rabbit, and human urine and feces (30)



