








TABLE 5

Structures of some metabolites of CBD

OR3

.R8

Compound R1 R2 R3 R4 55 5#{128} R7 5. Ref.

44CBD CH3 H H H H H H C5H11

4__�7-OH-CBD CH2OH 46,70

4! &r- CH3 a-OH 46, 70

�_z 60- CHi �t-OH 46, 70
1”- CH3 OH 46,70

4_� 2”- CHi OH 70

52 s”- CH3 OH 46, 70
�_i 4”- CH3 OH 46, 70

5”- CHi C4H8CH2OH 46, 70
6,7-diOH-CBD CH2OH OH 46,67
3”,7-diOH-CBD CH2OH OH 46,67

5� 4”,7-diOH-CBD CH2OH OH 46,67
56 CBD-7-oic acid COOH 97

�2 CBD-3”-oic acid CH3 C2H4COOH 68
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About 2/3 of the metabolites (34, 35) in human urine
were identified and, in addition to the compounds shown

in fig. 14, the ether glucuronide of �-THC (35) was also
identified (table 3, 42, R3 = glucuronate). �‘-THC-7-oic

acid (24) was the most abundant metabolite (27% of the
urinary metabolites), followed by the diacid 39 (8%), the

4”-hydroxy acid 29 (5%), and the acids 41, 31, 30, 32, 33,
and 27 in decreasing abundance from 3 to 1 % of the total

amount of urinary metabolites. The remainder (fig. 14)
are present within the range of 1% to trace amounts (34,

35).

The consistent occurrence of side-chain oxidation in
all metabolites except 24 indicates that side-chain hy-
droxylation may channel the further metabolism to a
compound excreted via the kidneys.

VI. Metabolism of CBD and CBN

Since �.\1-THC is the main psychoactive principle of
cannabis, metabolic and other studies have heavily fo-

cused on this compound. CBD and CBN are two other
major cannabinoids and, as discussed elsewhere, there is

conflicting evidence whether they interfere with the ac-
tions or kinetics of �‘-THC (1, 39, 72).

CBD was readily converted to a number of metabolites
(table 5). 7-Hydroxy-CBD was by far the main metabo-
lite in the rat liver, followed by Ga- and 6f3-hydroxy-CBD
(70). Hydroxylation was also found in all positions of the
side-chain. A large number of dihydroxylated CBD-me-

tabolites were also identified (67). The monohydroxy-
lated metabolites and some dihydroxylated metabolites

are shown in table 5, together with the major urinary
CBD acid in man. The metabolite pattern is similar to
that of �‘-THC (table 3). Almost 90% of the dioxygen-

ated material was present as 7-hydroxylated metabolites.

Side-chain hydroxylation occurred mainly at C-4” and
to a lesser degree at C-3”. The metabolism of CBD in
vivo in the mouse (69) is unusually diverse, with metab-

olites showing a simple glucuronidation of CBD (44, R3

= glucuronate), CBD-7-oic acid (56), partial loss of side-

chain @i)� and more complex metabolites.

In man, CBD seems to be metabolized in a similar way

as in animals, although the information is limited (97).

Monohydroxylated CBD metabolites are quickly formed,

primarily 7-hydroxy-CBD. One major metabolite in both

plasma and urine is CBD-7-oic acid, but the amount of

more polar metabolites formed seems larger than for �‘-

THC. After i.v. administration, some CBD is eliminated

in the urine in the conjugated form. Free CBD, in large

amounts, is excreted in the feces. The excretion rate of

metabolites in human urine is similar (16% in 72 h) to

that of &-THC in man (97).

The metabolic patterns for CBN are less diverse, since

one more ring is aromatic in nature. The major metabo-

lite is 7-hydroxy-CBN (101); otherwise, all positions in

the side-chain are available for metabolic oxidation (ta-

ble 6), which can lead to numerous but expected end
products, analogous with �‘-THC and CBD (101, 44,

104, 29, 106, 105). Monohydroxylated metabolites have

also been identified as esters of long chain fatty acids

(104).

CBN is metabolized in man (97) to large amounts of

monohydroxy-CBN, as revealed by analysis of feces after

i.v. administration. The level in plasma of 7-hydroxy-

CBN is about ‘ho of the CBN concentration. Dihydroxy-

CBN, CBN-7-oic acid, and more polar metabolites are
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TABLE 6

Structures of some CBD metabolites

Compound R1 R3 55 5. 5. Ri 5. Ref.

CBN CH3 H H H H H C5H,,

7-OH-CBN CH2OH 101,46,92

1”-OH-CBN CH3 OH 44, 106,46

�_i 2”-OH-CBN CH3 OH 44, 106
�.? 3”-OH-CBN CH3 OH 106,46,97

4”-OH-CBN CH3 OH 44,46
5”-OH-CBN CH3 C4H8CH2OH 44, 106

2”-7-diOH-CBN CH2OH OH 29

CBN-7-oic-acid COOH 97, 44

�i CBN-1”-oic acid CH3 COOH 44, 105

CBN-3”-oic acid CH3 C2H4COOH 44

also formed. Only about 8% of the CBN dose was found
to be excreted in urine within 72 h, whereas 35% was
excreted in the feces over this same time period.

VII. Conclusions

Plasma �-THC profiles were found to be similar after
i.v. injection and smoking of �\‘-THC. Immediately after

smoking 10 to 20 mg of �\‘-THC, as a marihuana ciga-
rette, plasma �‘-THC levels of about 100 ng/ml were
estimated; at 1 h, they were in the range of 10 ng/ml; at
4 h, about 1 ng/ml; and about 0.1 ng/ml at 24 to 72 h,

indicating a slow terminal elimination. Most investiga-
tors estimate the terminal half-life of �-THC to be in
the range of 20 to 36 h.

The systemic availability of smoked �‘-THC (compar-
ison of AUC for smoked versus i.v. �1-THC) was higher
(23 ± 16%) in a group of heavy marihuana users corn-

pared to a group of light users (10 ± 7%). The variation
in availability was 10-fold within each group. Adminis-

tration of �‘-THC p.o. yields slow and erratic absorption
(systemic availability, 6 ± 3%).

The average plasma clearance values are high (950 ml/
mm) for both heavy and light users and approach total
hepatic blood flow. Other studies suggest limited varia-
tion in pharmacokinetic parameters between heavy and
light users, indicating that the development of tolerance
to behavioral and pharmacological effects in THC users
is most likely functional and not dispositional.

�‘-THC is initially metabolized in man in a way sim-
ilar to that in most animals, i.e., by preferential allylic
oxidation to 7-hydroxy-�.\’-THC. In addition, Gfl-hydrox-
ylation is favored over 6ct-hydroxylation, whereas side-
chain hydroxylation and epoxydation appear to be mar-

gina! pathways in man. Side-chain hydroxylation may
preferentially lead to elimination via urine. 7-Hydroxy-
�‘-THC will probably only contribute to a small degree

to the effects of �‘-THC per se when smoked, whereas

it could be approximately equal in effect to &-THC after

P.O. administration.

�\‘-THC-7-oic acid (as the ester glucuronide) is the
major urinary �\‘-THC metabolite in man. Almost all
other identified urinary �\1-THC metabolites (10 to 15%

of dose in 48 h) show a side-chain containing either a
hydroxyl group or a carboxylic function.

The relations of plasma �1-THC levels to psychologi-
cal and physiological effects of �\‘-THC are complex. A
temporal dissociation between plasma concentrations
and effects is evident and may possibly be explained by
a somewhat slow penetration of the blood-brain barrier,
slow distribution within the brain, and a lag-time in

biochemical reactions.
The pharmacokinetics and metabolism of CBD and

CBN in man and animals follow the pattern similar to

that of �\‘-THC.
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