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Abstract—Cannabidiol (CBD) has been shown to be a selective inactivator of cytochromes P450 (P450s)
2C and 3A in the mouse and, like many P450 inactivators, it can also induce P450s after repeated
administration. The inductive effects of CBD on mouse hepatic P450s 2B, 3A, and 2C were determined
using cDNA probes, polyclonal antibodies, and specific functional markers. P450 2B10 mRNA was
increased markedly after repeated CBD administration and correlated well with increased P450 2B
immunoquantified content and functional activity. On the other hand, although the 2-fold increase in
P450 3A mRNA detected after repeated CBD administration was consistent with the increased
immunoquantified P450 3A protein content, the lack of an observable increase in P450 3A-specific
functional activity suggested subsequent inactivation of the induced P450 3A. Repeated CBD treatment
increased P450 2C mRNA content 2-fold, but did not increase either the P450 2C immunoquantified
content or its functional activity. The effect of CBD treatment on the ability of tetrahydrocannabinol
(THC) to induce P450 2B was also determined. A THC dose that did not induce P450 2B significantly
was administered alone or in combination with a CBD dose that markedly inactivated P450s 2C- and
3A but submaximally increased P450 2B functional activity. The combination of THC and CBD did
not increase P450 2B-catalyzed activity significantly over that observed after CBD treatment alone.
Thus, prior CBD-mediated P450 inactivation does not appear to increase the ability of THC to induce
P450 2B. To further characterize the relationship between P450 inactivation and induction, several
structurally diverse CBD analogs with varying P450 inactivating potentials were tested for their ability
to induce P450 2B. At least one CBD analog that is an effective P450 inactivator failed to induce P450
2B, while at least one CBD analog that is incapable of inactivating P450 was found to be a very good
P450 2B inducer. It therefore appears that inherent structural features of the CBD molecule rather
than its ability to inactivate P450 determine P450 2B inducibility. The complex effects of CBD treatment
on P450 inactivation and induction have the potential to influence the pharmacological action of many
clinically important drugs known to be metabolized by these various P450s. The mechanism of CBD-
mediated P450 induction remains to be elucidated but does not appear to be related to CBD-mediated
P450 inactivation.
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Cytochromes P450 comprise a family of related
hemoproteins, collectively termed P450% and con-
sisting of at least 12 gene families and 22 subfamilies
in mammals [1]. P450s are involved in the oxidative
metabolism of many drugs, fatty acids, steroids, and
environmental toxins [2,3], and although such
metabolism usually results in detoxification, bioac-
tivation of certain compounds can also occur [4].
Because P450s catalyze the metabolism of many
substrates, competitive inhibition can result from
compounds competing for the same substrate binding
site. Noncompetitive inhibition can result from
irreversible or quasi-irreversible P450 inactivation
occurring during metabolism of certain substrates.
Many compounds that inhibit or inactivate P450(s)
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after acute treatment, can also induce P450(s) upon
long-term exposure [5-7]. Although this biphasic
response is not always observed with all P450
inactivators [8], it is possible that these two processes
are related, such that P450 induction is a physiologic
compensatory response to P450 inactivation,

CBD, a major constituent of marijuana and a
potent inhibitor of mammalian drug metabolism
[9-11], has been shown to exert its effects by
competitive inhibition in the rat [12] and P450
inactivation in the mouse [13, 14]. Based on limited
amino-terminal sequence data, it appears that CBD
selectively inactivates P450s 2C and 3A in the mouse
[13,14] and like many P450 mechanism-based
inactivators, it can also induce P450 content after
repetitive treatment [11]. P450 2B is found to be
induced after repetitive CBD treatment but is
resistant to CBD-mediated inactivation [15]. THC,
the psychoactive constituent of marijuana, although
structurally similar to CBD does not inactivate or
induce P450s [11].

The following studies are an attempt to characterize
more fully the CBD-mediated P450 induction and
to determine if there is a relationship between P450
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inactivation and induction. Several CBD analogs
with differing potentials to inactivate P450 were
synthesized and tested for their ability to induce
P450. In addition, because prior CBD-mediated
P450 inactivation would increase the persistence of
THC in the liver by decreasing its metabolism, the
influence of CBD treatment on the ability of THC
to induce P450 2B was determined.

MATERIALS AND METHODS

Materials. CBD and THC were supplied by the
National Institute on Drug Abuse. All cannabinoids
were prepared for intraperitoneal injection in a
Tween 80 suspension as previously described [16].

6a-, and 6-keto-CBD [17], MM [18, 19] and ABN
[20] were prepared as described previously [21].
Spectra obtained after gas chromatography/mass
spectrometric and NMR analyses of synthesized
compounds were similar to those reported previously
[17-20].

Animal treatment. Animals were treated with
cannabinoids (120 mg/kg once daily for 4 days or as
described in the figure legends) before being killed
by cervical dislocation 24 hr after the last dose. Liver
microsomes were prepared as described [11]. Sodium
PB in saline was administered for 4 days (80 mg/kg,
ip.).

Analytical procedures. P450 concentrations were
determined with an SLM Aminco DW 2000
spectrophotometer according to the method of
Omura and Sato [22]. Protein concentrations were
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determined by the method of Lowry et al. [23] using
bovine serum albumin as the standard. PROD
activity was determined as described [24].

Determination of THC hydroxylase activity
Microsomal protein (0.1 mg) was preincubated at
37° for 3 min, in a buffer containing 0.1 M potassium
phosphate, pH 7.4, diethylenetriaminepentaacetic
acid (1 mM) and THC (130 uM, final concentration,
added in 3 ul of ethanol) in a total volume of
1mL. The incubation, metabolite extraction and
quantitation were carried out as described previously
[14].

Immunochemical procedures. Hepatic microsomes
were solubilized, electrophoresed, transferred to
nitrocellulose, and probed with polyclonal antibodies
raised against purified mouse P450s 2B [15], 2C [14]
and 3A [13] as described. Immunoblots were
quantitated by densitometric analysis on a Hoefer
scanning densitometer as described [13].

Isolation and sequencing of mouse PA50 3A and
2C ¢cDNA. A mouse (C57 Black/6) liver cDNA
library in the lambda gtl0 vector (Stratagene,
La Jolla, CA) was screened according to the
recommended protocol with rat P450 3A1 [25] and
2C7[26] cDNA probes (provided by Dr. M.
Lechner, Oeiras, Portugal). cDNA inserts (~1 kb)
were obtained from positive clones after digestion
with Hind III (3A) or EcoRI (2C), and subcloned
into pBluescript SK+ phagemids (Stratagene). XL1-
Blue (Stratagene) Escherichia coli cells were
transformed by electroporation with a Gene Pulser
Apparatus (Bio-Rad, Richmond, CA). Both strands
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Fig. 1. Effect of repetitive daily CBD doses on hepatic microsomal P450 2B, 3A and 2C immunoquantified
content and functional activity. Mice were treated with CBD (120 mg/kg) once daily for the indicated
number of days. Hepatic microsomes were prepared and assayed for specific content (@) and activities
catalyzed by P450s 2B, 3A and 2C (O). Values are expressed as percent of control values and were
determined from the average of at least five different microsomal preparations. Basal activities in
hepatic microsomes from untreated mice were <10 pmol/mg/min, 0.21 = 0.12nmol/mg/min, and
1.54 + 0.22 nmol/mg/min for P450 2B-catalyzed PROD, P450 3A-catalyzed 6-keto-THC hydroxylase,
and P450 2C-catalyzed 6a-THC hydroxylase activities, respectively. P450 2B, 3A and 2C protein content
was determined by relative densitometric analysis. Values significantly different (P < 0.05) from control
values are marked by an asterisk (*).
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were completely sequenced by the dideoxynucleotide
method [27] using a Sequenase 2.0 kit (US
Biochemicals, Cleveland, OH) or the fmol DNA
Sequencing System (Promega, Madison, WI) for the
mouse hepatic P450 3A and 2C clones, respectively.

RNA blot analysis. Total hepatic RNA was
prepared [28] from either untreated mice or mice
treated with CBD or PB for 4 days. Poly(A)+ RNA
was isolated by oligo(dT) cellulose chromatography
[29], and 2ug samples were denatured and
electrophoresed in 2.2 M formaldehyde-0.8% aga-
rose gels with subsequent transfer to Hybond-N*
nylon filters (Amersham Corp., Arlington Heights,
IL) by capillary blotting with 20 x SSC (3 M sodium
chloride, 0.3 M sodium citrate, pH 7.0). RNA was
fixed to the membrane by UV-irradiation, and the
membranes were prehybridized in 50% formamide,
5 x SSPE (0.9M sodium chloride, 0.05M sodium
phosphate, 5mM EDTA, pH7.7), 5 X Denhardt’s
solution, 0.5% SDS, and 250 ug/mL fragmented
salmon sperm DNA at 42° for 2hr before the
addition of a denatured probe (~1 kb cDNA inserts
described above) radiolabeled with a random primer
DNA labeling system (GIBCO BRL, Gaithersburg,
MD) for P450s 2C and 3A, or with an oligonucleotide
radiolabeled by polynucleotide T4 kinase (Promega)
for P450 2B10mRNA. The sequence of the
oligonucleotide probe for P450 2B10 mRNA, 5'-
GAATCACACCATATTCCTTGAAGGTTGGC -
TCAACGA-3' corresponding to the reverse comp-
lement of the nucleotide sequence 279-314 from the
coding region [30] was synthesized by Dr. D. Julius
(University of California, San Francisco). After
overnight hybridization, the filters were washed
sequentially with 6 X SSC, 2 x §SC, 0.5 x SSC and
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0.1 x SSC at 50° and then autoradiographed
overnight at —70° for P450 2C and 3A mRNA
determination or washed sequentially with 6 X SSC,
2x SSC, and 0.5 X SSC at 42° and then auto-
radiographed for 72hr at —70° for the P450
2B10 mRNA determination. All probes were found
to hybridize to only one band (~2 kb) on the filters.
Autoradiograms were quantitated densitometrically
with a Hoefer scanning densitometer as described
[13] and normalized according to the y-actin content,
determined with a y-actin cRNA probe radiolabeled
during synthesis with bacteriophage SP6 RNA
polymerase [31]. The y-actin cDNA [32] and cRNA
probe were provided by Dr. Raja M. Kaikaus
(University of California, San Francisco). Blot
densities (mean = SD) of hepatic mRNA from
untreated mice were 34,148 +18,608 and
20,629 + 4466 arbitrary area units for P450 3A and
2C mRNAs, respectively, but undetectable (<500
arbitrary area units) for P450 2B10 mRNA. The blot
density (mean * SD) of hepatic y-actin mRNA was
31,604 = 7340 arbitrary area units for all samples
applied.

Statistical analysis. Statistical significance was
determined by Student’s r-test.

RESULTS

Effect of repeated CBD administration on P450s
2B, 3A and 2C. P450 2B is found to be
induced markedly after repetitive CBD (120 mg/kg)
treatment [11, 15]. To more fully characterize P450
induction by CBD, various doses of CBD for
different lengths of time were administered to mice,
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Fig. 2. Effect of CBD dose on hepatic microsomal P450 2B, 3A, and 2C immunoquantified content

and functional activity. Mice were treated with CBD once daily for 4 days at the indicated doses.

Hepatic microsomes were prepared and assayed for specific content (@) and activities catalyzed (O)

by P450s 2B, 3A and 2C. Values are expressed as percent of control values and were determined from

the average of at least five different microsomal preparations. Basal activities in hepatic microsomes

from untreated mice were the same as described in the legend to Fig. 1. Values significantly different
(P < 0.05) from control values are marked by an asterisk (*).
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Fig. 3. Nucleotide and deduced amino acid sequence of a mouse liver P450 3A cDNA. The nucleotide
sequence was determined by the dideoxy method and compared with that of Cyp3a-11 reported by
Yanagimoto et al. [33]. Underlined sequences denote differences from Cyp3a-11.

and P4502B, 3A or 2C content in hepatic microsomes
was measured by immunoblot analysis. In addition,
the functional activities of these P450s were
determined using enzyme selective substrates
[14, 24]. PROD activity and 6-keto- and 6a-hydroxy-
THC formation were used as selective markers for
P450 2B-, 3A-, and 2C-functional activities,

respectively. P450 2B was found to be induced by
CBD treatment in a time- and dose-dependent
manner (Figs. 1 and 2). Both immunoquantified
P450 2B content and P450 2B-selective PROD
activity, undetectable in untreated mice, were
increased markedly after CBD treatment. Although
P450 3A apoprotein content was increased sig-
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Fig. 4. Nucleotide and deduced amino acid sequence of a mouse liver P450 2C ¢cDNA.. The nucleotide
sequence was determined by the dideoxy method and compared with that of the coding region of rat
P450 2C6 reported by Kimura et al. [34]. Underlined sequences denote differences from rat P450 2C6.
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Fig. 5. Effects of CBD and PB treatment on mouse hepatic P450 2B10, 3A and 2C mRNA content.
Mice were treated for 4 days with CBD (120 mg/kg) or PB (80 mg/kg) before being killed, and hepatic
RNA was isolated. Poly(A)+ RNA samples were electrophoresed and transferred to nylon filters for
the determination of P450 2B10, 2C and 3A mRNA content, normalized according to y-actin content.
Values (means = SD) are expressed as percent of control values and represent the average of at least
four different hepatic mRNA preparations. The blot densities (mean + SD) of hepatic mRNA from
untreated mice were 34,148 + 18,608 and 20,629 * 4466 arbitrary area units for P450s 3A and 2C
mRNA, respectively, but undetectable (<500 arbitrary area units) for P450 2B10 mRNA. All values
were significantly different (P < 0.05) from control values.

content was determined using a 1089 bp P450 3A
probe isolated from a mouse liver cDNA library
(Fig. 3). This sequence is nearly identical to the one
reported for a P450 3A cDNA isolated from a liver
library prepared from dexamethasone-treated mice
and designated Cyp3a-11 [33]. In addition, the effect
of CBD treatment on hepatic P450 2C and
2B10 mRNA content was determined using a 1062 bp
P450 2C probe (Fig. 4) isolated from a mouse liver
c¢DNA library and a 36-mer oligonucleotide probe
specific for P450 2B10 [30], respectively.

Mice were treated repetitively with either CBD
or PB (a known inducer of P450s 2B1/2, 3A1/2, and
2C6/7 in rats) once daily for 4 days, and their hepatic
mRNA content was determined 24 hr after the last
administered dose (Fig. 5). P450 2B10 mRNA was
undetectable in the livers from untreated mice, but
was readily detected in mice treated with either CBD
or PB (>10- and >30-fold increases relative to
untreated controls). PB treatment increased P450
2B10 mRNA content approximately 3-fold higher
than CBD treatment, consistent with the cor-
responding increases of P450 2B-selective PROD
activity [15]. P450 3A mRNA was increased 2- to 3-
fold by both CBD and PB treatment relative to that
in untreated controls. Thus, the CBD-mediated
increase in P450 3A expression may contribute to
the immunodetectably elevated P450 3A content
found after CBD treatment (Figs. 1 and 2). On the

other hand, P450 2C mRNA content was increased
>2-fold by CBD treatment and >6-fold by PB
treatment. Thus, repeated CBD administration
increased the hepatic mRNA content of all P450s
determined, although not to the same extent as PB.

Effect of CBD on the ability of THC to induce
P450 2B10. Although repeated CBD administration
induces P450 2B10, similar treatment with THC did
not correspondingly result in its induction [11],
suggesting that P450 2B10 induction is not a common
property of all cannabinoids. Because CBD and
THC also markedly differed in their ability to acutely
inactivate P450 [11], the possibility existed that P450
inactivation was involved in cannabinoid-mediated
P450 2B10 induction. To determine if prior CBD-
mediated P450 inactivation could influence the ability
of THC to induce P450 2B10, mice were first treated
with CBD (30 mg/kg), which markedly inhibits
P450s 2C- and 3A-dependent THC hydroxylase
activity by 50 and 80%, respectively [21], and
submaximally increased P450 2B10-catalyzed PROD
activity to only 16% of that observed after a 120 mg/
kg CBD dose (Fig. 6). Two hours after CBD
treatment, a 120 mg/kg dose of THC (which normaily
does not induce P450 2B10 significantly) was
administered, and this combined treatment was
repeated once daily for 4 days. The combination of
THC and CBD did not increase significantly P450
2B10-catalyzed PROD activity over that observed
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after CBD treatment alone (Fig. 6). Thus, prior
CBD-mediated P450 inactivation does not appear to
enhance the ability of THC to induce P450 2B10.

Effect of CBD analogs on P450 inactivation/
induction. To characterize further the features
necessary for cannabinoid-mediated P450 2B in-
duction, several structurally different CBD analogs
with different abilities to inactivate P450 [21] were
tested (Fig. 7). 6a-Hydroxy-CBD and 6-keto-CBD,
primary CBD metabolites produced by mouse
hepatic microsomal P450s 2C and 3A, respectively
[14], were capable of acutely inactivating P450s 2C
and 3A in vivo, as does CBD [21]. When these
compounds were administered daily for 4 days, 6a-
hydroxy-CBD markedly increased P450 2B10-
catalyzed PROD activity but 6-keto-CBD had no
effect (Fig. 8). ABN, a positional isomer of CBD
which was a very good inactivator of P450s 2C and
3A [21], also failed to increase P450 2B10-catalyzed
PROD activity. In contrast, MM, which did not
inactivate P450s 2C and 3A after an acute 120 mg/
kg dose [21], markedly increased P450 2B10-
catalyzed PROD activity. In confirmation of previous
results [11], THC administration for 4 days only
weakly increased P450 2B10-catalyzed PROD
activity.

DISCUSSION

Effect of repeated CBD administration on P450
2B. Acute CBD treatment of mice has been shown
to inhibit barbiturate metabolism, as demonstrated
by a marked increase in hexobarbital-induced sleep-
time [16, 35], and to impair the metabolism of many
other drugs [9, 36]. In mice, this effect of CBD on
hepatic drug metabolism results from the inactivation
of P450s 2C and 3A, most likely through alkylation

of their apoproteins by a reactive CBD metabolite
[21]. Refractoriness to a CBD-mediated increase in
hexobarbital-induced sleep-time develops after
repetitive CBD treatment [37], which correlates with
induction of P450 2B10, an enzyme resistant to CBD-
mediated inactivation and not immunochemically or
functionally detectable in constitutive mouse liver
microsomes [11]. Our results in mice clearly
demonstrated that repetitive CBD treatment mark-
edly increased immunodetectable hepatic P450 2B10
protein and P450 2B10-dependent PROD activity in
a dose- and time-dependent manner (Figs. 1 and 2),
consistent with increased hepatic P450 2B10 mRNA
expression (Fig. 5). The 30-fold induction of P450
2B10 mRNA by PB treatment is also consistent with
previous findings [38].

It has been reported recently that repetitive CBD
treatment of rats does not induce P450 2B1/2 mRNA
by itself but can potentiate the effect of PB on P450
2B1/2 mRNA [39]. Although the failure of CBD to
induce P450 2B1/2 mRNA in rats may be species
related, it is likely that the CBD dose used in the
rat studies (25mg/kg) was insufficient to induce
P450 2B1/2, since our studies show little or no P450
2B10 induction in mice at CBD doses up to 30 mg/
kg (Fig. 2). In fact, we have found that rats treated
with a considerably higher dose of CBD (120 mg/kg
daily, for 4 days) had a 9-fold increase in
immunoquantified P450 2B1/2 content and a 7-fold
increase in P450 2B1/2-catalyzed PROD activity
(unpublished results).

Effect of repeated CBD administration on P450s
3A and 2C. In addition to determining the effect of
CBD on the genetic regulation of P450 2B10, the
effect of CBD on the regulation of P450s 3A and
2C syntheses was also examined. Both mouse hepatic
P450 3A and 2C mRNA contents were significantly
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increased over 2-fold in response to repeated CBD
administration relative to untreated control values.
Although the increased P450 3A mRNA correlated
with significantly increased P450 3A protein content,
no corresponding increase in P450 2C protein content
was found to match the increased P450 2C mRNA
content (Fig. 1). Despite the increased mRNA
content, P450 3A- and 2C-mediated functional
activities were not increased significantly (Fig. 1),
probably because of continued P450 3A and 2C
inactivation after repeated CBD treatment. The lack
of increased functional activity cannot be attributed
to any competitive effects of CBD on P450 3A-and
2C-catalyzed THC hydroxylase activities since CBD
is eliminated rapidly from the liver [40] and was
present in hepatic microsomal incubations at
concentrations (<2 uM) insufficient to competitively
inhibit THC (130 uM) hydroxylase activity. PB
treatment, on the other hand, which caused even
larger (3- to 6-fold) increases in mouse hepatic P450
3A and 2C mRNA contents (Fig. 5), increased, the
corresponding proteins and functional activities 50—
200% over untreated controls. These findings are
consistent with previous reports of PB induction of
rat 2C6 [41] and 2C7 [39], as well as of a P450 2C6-
related mRNA in mice [38]. Thus, it appears that in
mice repeated CBD administration is capable of
inducing P450 2B10, 3A, and 2C mRNAs, although
not to the same extent as PB.

Characterization of the P450 3A and 2C probes.
The P450 3A clone isolated from a mouse liver
c¢DNA library was nearly identical to Cyp3a-11
isolated from a liver library prepared from
dexamethasone-treated mice [33]. Nucleotides 1-
843 of this probe are identical to nucleotides 705
1548 of Cyp3a-11 and code for amino acids 201-491.
However, the following 144 nucleotides (844-987)
share only 26% identity with the corresponding
region of Cyp3a-11. The translated region of this
segment codes for 13 amino acids in Cyp3a-11 and
6 amino acids in the P450 3A ¢DNA probe used in
this study. In addition, the 3’-untranslated region of
this probe also extends 107 nucleotides downstream
from the 3'-end of the Cyp3a-11 cDNA. Whether
these differences represent allelic variants or truly
distinct gene products of a multi-member P450 3A
subfamily in mice remains to be determined. The
Cyp3a-11 cDNA was isolated from male ddY mice
treated with dexamethasone for 4 days, and thus
may be related to an mRNA encoding a steroid-
inducible P450 3A [33]. However, the P450 3A
¢DNA isolated in the present study was isolated
from untreated C57 Black/6 female mice and may
be related to an mRNA encoding a constitutive P450
3A. A more extensive comparison with a full-length
clone will be the subject of future work. However,
because the longest homologous segment between
male rat constitutive P450 3A2 and steroid-inducible
P450 3A1 is 425 nucleotides long [42], it is likely
that the 844 homologous nucleotides of Cyp3a-11
and our P450 3A do not represent different genes
but most probably a splice variant as reported for
P4502C6 and its pseudogene 2C6P [43]. The deduced
NH,-terminal amino acid sequence of Cyp3a-11 is
identical to the NH,-terminal amino acid sequence
of a constitutive P450 3A purified from hepatic
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microsomes from dexamethasone-treated mice [13].
However, since it is also identical to the NH,-
terminal amino acid sequence of a steroid inducible
P450 3A purified from hepatic microsomes from
dexamethasone-treated mice [44], it is not clear
whether Cyp3a-11 cDNA and/or our P450 3A cDNA
code(s) for the constitutive or steroid-inducible
mouse P450 3A isozymes. Our P450 3A cDNA
probably encodes for the constitutive P450 3A, since
it was isolated from a cDNA library from untreated
mice, although it would probably cross-hybridize to
mRNA for the steroid-inducible P450 3A, since in
the rat these cDNAs share 90% homology [42].
Thus, it is not presently possible to precisely
characterize the CBD-induced mRNA as encoding
aconstitutive or steroid-inducible P4503A. However,
since  CBD- and PB-inducible P450s 3A are
inactivated almost completely by subsequent acute
CBD treatment [13], whereas the steroid-inducible
P450 3A is resistant to CBD-mediated inactivation
[13], it is therefore likely that the constitutive rather
than the steroid-inducible P450 3A form is induced
after repeated CBD or PB treatment. Thus, the
increased P450 3A mRNA in livers from mice
repetitively treated with CBD or PB (Fig. 5) probably
encodes the constitutive P450 3A form and
contributes to its induction (Fig. 1).

The ¢cDNA probe used for determining mouse
P450 2C mRNA content exhibited the greatest
homology to coding sequences of rat P450 2C6 [34],
and was 82 and 79% identical to the corresponding
nucleotide and deduced amino acid sequence,
respectively. However, because the deduced NH,-
terminal amino acid sequence could not be
determined from the mouse cDNA clone (since it
corresponded to amino acids present in its carboxy-
terminus and not to those in the NH,-terminus), it
is unclear whether it encodes for the P450 2C
previously purified [14] and responsible for the
formation of the major THC metabolites 6a- and 7-
hydroxy-THC.

Relationship between P450 inactivation and
induction. To determine if CBD-mediated P450
induction is a general consequence of cannabinoid
exposure, the ability of THC and other cannabinoids
to induce P450 was also examined. Although THC,
the major psychotropic component of marijuana,
does not appear to induce P450 2B10 to any great
extent [11], it was conceivable that in combination
with CBD (which is also present in significant
amounts in marijuana) its ability to induce P450
2B10 could be enhanced. Because CBD markedly
inhibits the hepatic microsomal metabolism of THC,
CBD treatment could be expected to raise THC
levels in the liver sufficiently high for P450 induction.
At a CBD dose that acutely inhibited P450 3A-
and 2C-catalyzed THC metabolism [21], but
submaximally increased P450 2B-catalyzed PROD
activity (Fig. 6), THC given concomitantly failed to
increase significantly P450 2B-catalyzed PROD
activity over that produced by CBD alone. Because
CBD is eliminated rapidly from the liver [40], it is
unlikely that the inability of THC to induce P450
2B10 results from any competitive effects with CBD
in the induction process. Thus, it appears that
increasing THC persistence did not enhance
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THC-mediated P450 2B induction and that THC,
alone or in combination with CBD, is not a very
effective P450 inducer. Most likely, THC does not
possess the structural features required for P450 2B
induction.

Furthermore, the ability of the CBD structural
analogs that do not inactivate P450s 3A and 2C
to induce P450 2B10, and vice versa, further
demonstrates the dissociation between the processes
of P450 inactivation and P450 induction. Several
P450 inactivators [21] failed to induce P450 2B10,
while at least one CBD analog (MM) that is incapable
of inactivating P450 was a very good P450 2B10
inducer (Fig. 8). It therefore appears that CBD-
mediated P450 2B10 induction is probably deter-
mined by specific structural features of the CBD
molecule (possibly through a receptor-mediated
process), rather than by its ability to inactivate P450.
Due to the limited number of analogs tested, it is
not clear at this time which particular structural
features are involved in CBD-mediated P450
induction.

In summary, CBD treatment of mice resulted in
the initial inactivation of P450s 3A and 2C with a
subsequent increase in mRNA encoding P450s 3A,
2C, and 2B10. The induction of P450 2B10 was not
related to the inactivation of P450s 3A and 2C and
probably was unrelated to the increased cannabinoid
accumulation that results from P450 inactivation.
Although there was increased P450 3A expression
after repetitive CBD treatment, the induced P450
3A was susceptible to CBD-mediated inactivation
and thus no increase in P450 3A-catalyzed activity
was observed. These complex effects on P450 may
affect the metabolism of many clinically important
drugs known to be metabolized by these P450
subfamilies.
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