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Abstract-The in vitro biotransformations of cannabidiol (CBD) and AY-tetrahydrocannabinol (A-THC) by 
hepatic microsomal preparations from mouse and rat were compared and it was found that both cannabinoids 
are metabolized approximately two to three times faster by a mouse preparation than by a similar preparation 
from the rat. In both species, however, CBD was metabolized more slowly than A9-THC. The metabolite 
patterns resulting from the biotransformations of radioactive CBD and A9-THC were examined by thin-layer 
chromatography and were found to be qualitatively identical in both the mouse and rat. In contrast, studies 
of the rate of cannabinoid metabolism in the presence of excess substrate revealed that CBD metabolism was 
only linear for about 10 min, whereas A9-THC metabolism was linear for about 60 min. This difference was 
noted in both species. The evidence suggests that CBD metabolism is inhibited by its own metabolites. 
Furthermore, the results of other experiments indicate that CBD metabolites can also inhibit A9-THC and 
aminopyrine metabolism. The established ability of CBD to inhibit hepatic microsomal drug metabolism in 
viva may also be the consequence of the formation of inhibitory metabolites. 

Cannabidiol (CBD) is one of the major cannabinoid 

components of marihuana extract and is known to elicit 
a number of pharmacological effects. For example, the 
drug exhibits marked neuropharmacological activity 
both in viva and in vitro, as illustrated by the well- 
documented anticonvulsant effects of CBD [ 1,2] and 
the ability of CBD to depress post-tetanic potentiation in 
isolated sympathetic ganglia 131. Moreover, CBD can 
inhibit the hepatic mixed-function oxidase system re- 
sponsible for the biotransformation of drugs [4--S]. 

The role, if any, which the metabolites of CBD play 
in its pharmacology is not known, but some of the 
metabolites of A9-tetrahydrocannabinol (A9-THC) are 
markedly active and probably contribute to, or may 
even account for, the properties of the parent com- 
pound [ 9- 111. Many of these metabolites have been 
identified and synthesized, so that a study of their 
properties vis-a-vis those of A9-THC has been made 
feasible. In contrast, less is known about the pharmaco- 
logical characteristics of CBD metabolites. Aside from 
this difference, however, the studies of the metabolites 
of both these cannabinoids have primarily emphasized 
qualitative measurements. Little attention has been di- 
rected toward establishing the pharmacological signifi- 
cance of the metabolites. For example, what is the 
relationship between the metabolites and the pharmaco- 
logical activity [ 12- 161? 

The purpose of the present work was to initiate a 
qualitative and quantitative study of the metabolism of 
CBD in order to assess the relative significance of CBD 
and its metabolites in producing a specific pharmaco- 
logical effect: to wit, the inhibition of the mixed-func- 
tion oxidase system. One approach to such a study is to 
use isolated hepatic microsomes. Accordingly, crude 
microsomal preparations from both the mouse and rat 
were used in the following investigations of CBD and 
A9-THC metabolism; the metabolism of the latter com- 
pound has been the subject of many reports [ 121 and 

therefore, served as a good reference compound to 
which the metabolism of CBD could be related. Three 
types of studies were conducted. First, the apparent 
Michaelis-Menten constants and other kinetic charac- 
teristics of CBD and A9-THC metabolism were deter- 
mined. Secondly, the general patterns of CBD and A’- 
THC metabolites produced under kinetically similar in 
vitro conditions were compared. Finally, the inhibitory 
effect of CBD on mixed-function oxidations was inves- 
tigated, particularly as the inhibition related to the 
metabolism of CBD. 

MATERIALS AND METHODS 

Chemicals. A9-THC, 1 I-hydroxy-A9-THC, 8u,- 
1 Ldihydroxy-A’-THC and CBD, and 13~l-~g-~~~ 
(101 pCi/mg) and 13Hl-CBD (86pCi/mg) were ac- 
quired from the Biomedical Research Branch, Division 
of Research of the National Institute on Drug 
Abuse; dimethylamine[‘4C]aminopyrine (52.8 &i/ 
mg) was obtained from the Amersham/Searle Corp., 
Arlington Heights, IL; glucose-6-phosphate, glucose- 
6-phosphate, glucose-6-phosphate dehydrogenase 
(GPDH), NADP and nicotinamide were purchased 
from Sigma Chemicals, St. Louis, MO; the propylene 
oxide polymer Pluronic F68 and Fast Blue B were 
supplied by BASF Wyandotte Corp., Wyandotte, MI 
and Matheson, Coleman & Bell, Norwood, OH respec- 
tively. Analytical reagent grade solvents were em- 
ployed without additional purification. The silica gel 
thin-layer chromatography (t.1.c.) sheets used to sepa- 
rate the cannabinoids were Eastman type 6061. 
Tissuepreparation. hlale Sprague-Dawley rats weigh- 
ing 95-100 g and 4 to 5-week-old male Charles River 
mice (ICR) were used in all the experiments described 
in the following sections. The livers were removed from 
rats anesthitized with ether or from mice killed by 
cervical dislocation; each liver was immediately rinsed 
in an ice-cold 1.15% KC1 solution and subsequently 
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diced into small fragments which were washed with 
several volumes of the ice-cold 1.15% KCl. A tissue 
mash was prepared from the washed fragments by using 
a small, plastic, sieve-like press and the mash was then 
homogenized in 4 vol. of 1.15% KC1 with a Potter- 
Elvehjem type tissue grinder consisting of a smooth- 
glass mortar and Teflon pestle. The homogenate was 
centrifuged for 20 min at 15,000 rev/min (20,000 g at 
rmax) with a Beckman L-2 centrifuge in a Ti-50 rotor. 
The protein content of the supernatant fraction was 
determined by the method of Lowry et aL [ I71 with 
bovine serum albumin as a standard and was found to 
average I6 mg/ml. 

Assays. The solution in which the crude illicrosomal 
prep~ation (20.000 g supernatant fraction) was rou- 
tinely incubated had the following composition (final 
concentrations): glucose-6-phosphate (10 mM), 
GPDH (0.5 units/ml), NADP (1 mM), MgCl, 
(8 mM). nicotinamide (4 mM) and sodium phosphate 
buffer (5&100 mM, pH 7.2). Aminopyrine N-de- 
methylase’ activity was determined by the radioisotopic 
assay of Poland and Nebert [ 18 1. For the measurement 
of A’-THC and CBD hydroxylase activity. the follow- 
ing procedure was used: Stock suspensions of CBD or 
A’-THC were prepared prior to each experiment by 
mixing an aliquot of a 2 per cent solution of the 
cannabinoid in 95% ethanol with an equal volume of 
Pluronic F68 (10 mg/ml in 95% ethanol) followed by 
the stepwise addition of water or a buffer solution to the 
desired volume. An aliquot of the stock cannabinoid 
suspension was then added to the incubation medium. 
Incubation volumes varied from 50 to 250 ~1, and the 
reactions were run in 10 mm o.d. x 75 mm glass cul- 
ture tubes or 7 mm o.d. x 65 mm glass microtubes. 

Although the cannabinoids can be suspended in 
Pluronic by soniflcation alone, this approach was not 
used in the present investigation for two reasons. First, 
the sonification of very small volumes frequently results 
in the emission of a fine spray of radioactive cannabi- 
noid, which contaminates the laboratory. Secondly, 
suspensions of cannabinoids, especially the relatively 
high concentrations required in the K,,, and V,, stud- 
ies, in Pluronic alone are not uniform because some 
material (detergent~annabinoid) frequently adheres to 
the walls of the container. The use of ethanol with 
Pluronic, however, obviated these suspension 
problems. 

In a separate series of experiments, the effect of 
various combinations of these two agents on A9-THC 
metabolism was investigated. In the presence of a fixed 
amount of ethanol (0.05%), Pluronic in the concentra- 
tion range of 0.0008 to 0.16% had no effect on the 
metabolism. Similarly, in the presence of 0.0005% 
Pluronic, varying concentrations of ethanol up to 0.3% 
produced only a negligible effect. An ethanol concen- 
tration of 0.5%, however. did cause about a 15 per cent 
depression in by-THC metabolism. For the Km and 
V determinations, the ethanol concentration was 
O.?g and the Pluronic concentration was 0.003%. In 
all remaining studies, the ethanol concentration never 
exceeded 0.3% and the Pluronic concentrations never 
exceeded 0.00 I %. 

After incubation of the 20,OOOg supernatant frac- 
tion at 3 7’, the samples were transferred to an ice bath, 
mixed with and equal volume of methanol and centri- 
fuged at room temperature for 10 min at approximately 

1000 g. The somewhat turbid supernat~t fractions 
were put into clean tubes and a volume of methanol 
equal to one-half the original incubation volume was 
added to the pellets. After resuspension of the pellets 
and centrifugation, the resultant clear supernatant frac- 
tions were combined with the first supernatant frac- 
tions, and a volume of chloroform equal to the initial 
volume of the incubation mixture was added. The 
samples were mixed, centrifuged to separate the phases, 
and as much of the chloroform layer as possible was 
pipetted from beneath the aqueous layer and transferred 
to another set of tubes. The aqueous layer was extracted 
a second time with half the volume of chloroform and 
then counted: the amount of radioactivity contained in 
the aqueous layer was used for determining overall 
recovery and the amount of non-chloroform extractable 
material synthesized during the metabolism studies. In 
several experiments, 1 N NaOH was added to the tissue 
pellets resulting from the initial methanol treatment, 
and the samples were heated for 0.5 hr or more on a 
boiling water bath; the alkaline digest was neutralized 
and the radioactivity measured. This analysis of the 
residues was not performed routinely, since only a 
small portion (S-10 per cent) of the total initial radio- 
activity remained in this fraction; this percentage value 
did not vary appreciably with either substrate concen- 
tration or with incubation time. 

The comb~ed chloroform extracts were lyophilized 
in a rotating vacuum desiccator i 191 (Speed Vat Con- 
centrator model SVC, Savant Instruments, Hicksville, 
NY), the residues redissolved in 10 ~1 chloroform, and 
the tubes placed in an ice bath to prevent significant 
volume changes from occuring during the application 
of the samples to the t.1.c. sheets. The chromatograms 
were developed with hexane-acetone (4: 3, v/v) in 
either a large, standard glass chromatography tank (for 
the 20 x 20 cm sheets) or in covered dishes normally 
used in the staining of microscope slides (for the 
6 Y 7 cm sheets}; visualization of the cannabinoids was 
achieved by spraying the air-dried chromatograms with 
a 0.1% solution of Fast Blue B in 70% ethanol. The 
large (20 x 20 cm) t.1.c. sheets were used for determin- 
ing changes in the metabolite distribution pattern with 
time. In addition to visualizing and recording the loca- 
tion of prominent cannabinoid spots on these larger 
t.1.c. sheets, the developed chromatograms were cut into 
strips (2 x 20 cm) for analysis with a radio-chromato- 
gram scanner. After scanning, the chromatograms were 
reassembled by taping the strips to paper, and zones 
containing distinct spots were demarcated and aspir- 
ated directly into scintillation vials containing approxi- 
mately 1 ml of 95% ethanol. Non-radioactive CBD, A’- 
THC, 1 l-hydroxy-A’-THC and 8~. 1 l-dihydroxy-A”- 
THC were used routinely as reference standards on the 
large t.1.c. sheets. 

The small t.1.c. sheets (6 Y 7 cm) were used in all 
other c~nabinoid experiments; these chromatograms 
yielded a separation of the umetabolized substrate from 
its products, comparable to that achieved with the 
larger sheets, and could be developed in less than 
10 min with the hexane-acetone solvent system. In 
some experiments, aliquots of non-radioactive A’-THC 
or CBD were added prior to the chloroform extraction 
step to facilitate the visualization of the area containing 
the unmetabolized substrate; such additions were usu- 
ally made only when very small amounts of unmetabol- 
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Table 1. Comparison of apparent kinetic constants for A’- 
THC and CBD metabolism by rat and mouse liver * 

V Inax 
(nmoles/g 

Drug Species K,,, O1M)+ protein/min 

AY-THC Rat 16i 11 190 * 40 
Mouse 13-t 10 549 * 174 

CBD Rat 16 f 9 55 + 171: 
Mouse 6t2 175 ? 49:!: 

* Data are based upon a comparison of A9-THC and CBD 
metabolism by the same crude microsomal preparation ob- 
tained from six rat and seven mouse livers. Values are the 
means i the standard deviations and are corrected for t.1.c. 
recovery. 

+ None of the values is significantly different from any of 
the others by paired-f statistics (P > 0.05) [201. 

$ Significantly less than the corresponding rat or mouse 
A9-THC value by paired-f statistics (P < 0.05) [201. 

ized AY-THC or CBD were anticipated. The t.1.c. areas 
containing the unmetabolized substrate and its metabo- 
lites were aspirated directly into scintillation vials con- 
taining 1 ml of 95% ethanol, as in the experiments with 
large t.1.c. sheets. All samples were counted in 10 ml 
HandiIluor (Mallinckrodt, St. Louis, MO) or Aquasol 
(New England Nuclear Corp., Boston, MA). Counting 
was perfomed in a Nuclear-Chicago PDS/3-Isocap 
300 liquid scintillation counter; the radioactivity val- 
ues obtained were corrected for machine efficiency and 
quenching. 

From the sum of radioactivity in the aqueous phase, 
in the chloroform extract spotted on the chromatogram, 
and in the tissue residue, the mean recovery value 
(+ S.D.) was calculated to be 89% (2 11%). The 
recovery of the radioactivity applied to the t.1.c. sheets 
averaged 85% (? 10%). The overall recovery of the 
radioactivity originally added to the incubation vessels 
was approximately 76 per cent. 

RESULTS 

Kinetic aspects of A9-THC and CBD metabolism in 
rat and mouse. The apparent K,,, and V,,,, values 
presented in Table 1 were determined for CBD and A9- 
THC in paired experiments using a crude microsomal 
preparation (20,000 g supernatant fraction) obtained 
from either mouse or rat liver; protein concentrations in 
the incubation mixture averaged 6 mg/ml for the rat 
and 3 mgjml for the mouse experiments. After an incu- 
bation period of 15 min, labeled substrates and metabo- 
lites were extracted, concentrated to a final volume of 
10 ~1, and an aliquot of the concentrate was spotted on 
small chromatograms, which were developed and proc- 
essed as described in Materials and Methods. 

As may be seen in Table 1, there are no significant 
differences in the apparent K,,, values for A9-THC and 
CBD determined with either rat or mouse preparations. 
There are, however, significant species differences in 
the maximum rates at which A9-THC and CBD are 
metabolized, as revealed by the apparent V,,,, values; 
the maximum rate of CBD metabolism in the mouse or 
in the rat is approximately one-third that of the corre- 
sponding rate of metabolism of A9-THC. Furthermore, 
a comparison of the apparent V,, values in the two 
species indicates that the mouse 20,000 g supernatant 
fraction is much more active than the rat preparation 
for both cannabinoids. 

Figure 1 is an example of an experiment to determine 
the linearity of A’-THC and CBD metabolism with 
time when the substrate is not limiting. A rapid decrease 
in the rate of metabolism in the CBD samples is evident 
in both the mouse and rat preparations; in contrast, the 
AS-THC rate slows markedly only after about 60 min. 
As in the A’-THC portion of these experiments, the 
CBD concentrations used was substantially greater 
than the apparent K, value (Table 1). Consequently, it 
is unlikely that the recorded cessation in CBD metabo- 
lism is due to a limited supply of substrate and, consid- 
ering the A9-THC results. cessation is not likely to be 

5.0 T 

Time, min Time, min 

Fig.1. Linearity of the rate of A’-THC (0) and CBD (0) metabolism by crude hepatic microsome 
preparation. (A) Mouse preparation: protein concentration = 1.5 mg/ml; A’-THC and CBD concentrations 
were 120 and 130pM respectively. (B) Rat preparation: protein concentrations = 5 mg/ml in A’-THC 
sample and 15 mg/ml in CBD sample; A’-THC and CBD concentrations were 59 and 82 /tM respectively. 

B.P. 28.9-H 
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attributable to a decreased viability of the mixed-func- 
tion oxidase system. Enzyme inhibition by the CBD 
molecule itself is also an implausible explanation for the 
results, since, even with the high initial CBD concentra- 
tion (80- 130 PM), some metabolism, occurs. The ap- 
parent dependence of the inhibitory effect on a finite 
incubation time suggests that the effect is a conse- 
quence of the formation of CBD metabolites in suffi- 
cient concentration to inhibit the mixed-function oxi- 
dase system, and, consequently, CBD’s own 
metabolism. Such inhibition might account for the 
observed apparent V,,,, differences between A’-THC 
and CBD in both the rat and mouse (Table 1). 

methanol-treated incubation medium. No detailed anal- 
ysis of this aqueous phase was made, but in one experi- 
ment, [ 3HICBD was incubated for 2 hr under condi- 
tions similar to those used to obtain the data in Fig. 2; 
however, the pH of the incubation medium was varied 
prior to chloroform extraction. At pH 13, almost twice 
as much material remained in the methanol-water 
phase as at pH 2; therefore, at least some of the CBD 
metabolites remaining in the aqueous phase in the 
standard assay procedure appear to be acidic in nature. 

Time-dependent metabolite patterns. The character- 
istics of the time-dependent CBD and A9-THC metabo- 
lite patterns can be seen in the bar graphs of the 
percentage distribution of radioactivity on the chroma- 
tograms (Fig. 2). In the solvent system used to develop 
the chromatograms, authentic 1 1-hydroxy-A9-THC 
and 8x, 1 1-dihydroxy-A9-THC have R, values of ap- 
proximately 0.34 and 0.08 respectively. 

Within the limits of the resolution ofthe t.1.c. system, 
the metabolism of CBD was judged to be qualitatively 
the same as that of A’-THC in both the rat and the 
mouse; that is, there is a progressive increase in the 
polarity of both the CBD and A9-THC products formed 
as a function of time. this increase in polarity is evi- 
denced by a shift in the distribution of radioactivity to 
lower R,. values (Fig. 2). The increase in radioactivity 
remaining in the aqueous phase probably reflects the 
formation of the most polar metabolites since these 
products are not extractable into chloroform from the 

Inhibition of metabolism by CBD. Although CBD 
has a demonstrable inhibitory effect on the hepatic 
mixed-function oxidase system both in viva and in 
vitro [ 4-81, what is not clear is whether the compound 
responsible for this effect is unaltered CBD or a metab- 
olite. The rapid decline in the rate of CBD metabolism 
in both rat and mouse preparations (Fig. 1) provides 
suggestive evidence that the inhibition of drug metalx- 
lism by CBD may actually be due to the formation and 
accumulation of an inhibitory product. As a test of this 
thesis, the in vitro effect of CBD metabolites on the 
demethylation of aminopyrine, as measured by the 
formation of 1 i4C Iformaldehyde (HCHO), was exam 
ined indirectly and the results are presented in Fig. 3. 
Figure 3 is composed of three different experiments 
conducted simultaneously on three sets of samples, all 
of which contained the 20,000 g supernatant fraction 
derived from mouse liver plus the necessary cofactors 
and buffer solution. One set of samples, to which was 
added only a blank solution of ethanol and Pluronic in 
the same concentration used to suspend CBD, served as 
a control, while CBD was added to the other two sets 

Fig. 2. Per cent distribution of initial radioactivity among selected t.1.c. zones. Mouse and rat 20,OOOg 
supernatant fractions were incubated for varying periods of time and subsequently extracted and chromato- 
graphed on large t.1.c. sheets; the radioactivity in selected t.1.c. zones was measured and expressed as a 
percentage of the total radioactivity initially present in the incubation medium. Incubation volume = 250 ~1. 
Cannabinoid and protein concentrations in mouse experiments were: CBD = 11 PM and 0.5 mg/ml; and A9- 
THC = 6 PM and 3 mg/ml. Cannabinoid and protein concentrations in rat experiments were: CBD = 14 pM 
and 7.4 mg/ml; and A9-THC = 16 pM and 3.2 mg/ml. The numbers above each bar graph are the Rf 
boundaries of the zones aspirated from the t.1.c. sheets. The aqueous phase bar graph represents the material 
not extractable by chloroform from the methanol-treated incubation medium. Not all of the areas on the t.1.c. 
are represented in the figure, and radioactivity values used to calculate the percent distribution were only 

corrected for t.1.c. recovery. 
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4 8 12 I6 

Time, mln 

Fig. 3. Effects of CBD metabolites on am~opyrine N-de- 
methylase activity in mouse hepatic 20,OOOg supernatant 
fraction. Incubation conditions: protein concentration = 7 
mg/ml; incubation volume = 50.~1; [ “C]aminopyrine and 
CBD concentrations were 90 and 10pM respectively. All 
samples were initially incubated for 10 min in the absence of 
aminopyrine followed by a second incubation in the presence 
of aminopyrine for a period of time indicated on the abscissa. 
Control samples (0) not exposed to CBD at any time. T-l, 
CBD (A) added before the first incubation. T-2, CBD (0) 

added after the first incubation. 

(designated T-l and T-2) but at different incubation 
times. CBD was added initiahy in the T- 1 experiments, 
then the three sets of samples (control, T-l and T-2) 
were ~cub~ed for IO min at 37”, after which time they 
were all placed in an ice bath. CBD was added to the 
T-2 samples and ail samples were then incubated at 37“ 
for varying periods of time. If CBD metabolites are 
responsible for the inhibitory effects of CBD on the 
mixed-function ox&se system, two effects should oc- 
cur in the experiments outlined above: First, in the 

* . ‘ ( 

5 15 25 

Time, min 

CBD-prein~ubated samples (T- l), the amount of ami- 
nopyrine metabolized should be depressed, relative to 
control, throughout the entire period of the second 
incubation due to the presence of CBD metabolites 
formed during the initial incubation period. Secondly, 
in the T-2 samples to which CBD is added after the first 
incubation, inhibition of ~inopyrine metabolism 
should also be evident, but the onset of inhibition 
delayed until stdhcient CBD is metabolized. 

In Fig. 3, the results show that prior incubation with 
CBD (T-l) did not influence the CBD inhibition of 
aminopyrine metabolism (T-2); the effects were the 
same in both sets of CBD-treated samples. These con- 
clusions do not support the hypothesis that CBD me- 
tabolites are involved in the inhibitory effect; however, 
the results underscore the necessity for choosing the 
appropriate enzyme assay for such a study of drug 
metabolites. 

Figure 3 illustrates that the inhibition of aminopyr- 
ine metabolism produced by prior incubation with 
CBD (T-I) did not influence the CBD inhibition of 
by CBD added subsequent to the first incubation period 
(T-Z). the failure of the incubation time of CBD to 
affect differentially the metabolic rate of aminopyrine 
suggests that CBD itself is responsible for the observed 
inhibition, rather than its metabolites. This conclusion, 
however. was tempered by the results of subsequent 
experiments which compared the kinetics of aminopyr- 
ine and CBD metaboiism in vitro. We observed that the 
amount of 20,OOOg supernatant protein required to 
metabolize equivalent quantities of CBD and amino- 
pyrine with the substrate concentrations used in Fig. 3 
differed by one order of magnitude; the rate of CBD 
hydroxylation is much greater than is the rate of arnino- 
pyrine demethylation. Therefore, with the concentra- 
tion of 20,000 g supernat~t protein and CBD used to 
generate the data in Fig. 3, essentially al1 of the CBD 
would be metabolized in just a few minutes; and the 
effect of a progressive increase in inhibitory metabolite 
formation with time would be masked. Consequently. 
the experiment was repeated by measuring A’-THC 
hydroxylation because the metabolic kinetic character- 

1.2 
T 

5 is 2'5 

Time, min 

Fig. 4. Effects of CBD metabolites on 13H]A9-THC metabolism by mouse hepatic 20,000 g supernatant 
fraction. Incubation conditions: protein concentration = 3 mg/ml; incubation volume = 50 ~1 and CBD 
concentration = 10pM. Experiments in A and B differ only in the Ay-THC concentration used: 
A = 155 FM, and B = 27 PM. All samples were initially incubated for 15 min in the absence of J-THC 
followed by a second ~cubation in the presence of P-THC for a period of time indicated on the abscissa. 

Symbols are identical to those used in Fig. 3. 
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istics of this reaction are similar to those of CBD 
hydroxylation. In Fig. 4A. it is evident that A”-THC 
metabolism was depressed markedly in the preincu 
bated, or T- 1, samples, whereas the T-2 samples were 
depressed slightly and even this effect was only evident 
with the longer incubation times. When the A’-THC 
concentration was reduced in order to decrease the 
extent of A”-THC competition in the hydroxylation 
reaction. A’-THC metabolism was sharply depressed in 
both treated groups (Fig. 4B). If CBD were the princi- 
pal inhibitor, the data points representing T- 1 samples 
would be reversed with those points representing T-2 in 
both 4A and 4B. because, with the protein and CBD 
concentrations used. over 50 per cent of the starting 
CBD would be metabolized during the first incubation 
period; therefore, the T- 1 samples would be less inhib- 
ited than those in the T-2 group. Furthermore, in Fig. 
4B, the curves representing the treated samples tend to 
parallel each other only after approximately 5 min; the 
time lag is interpreted as an indication that some metab- 
olism of CBD must take place before the inhibition of 
A”-THC metabolism can occur 

DISCUSSION 

The results of the comparative kinetic studies of the 
metabolism of Ay-THC and CBD in both rat- and 
mouse-microsomal systems indicate that the two drugs 
undergo biotransformation at significantly different 
rates. CBD is metabolized by the mixed-function oxi- 
dase systems from mouse and rat more slowly than is 
A’-THC, as is evidenced by the apparent V”,,, values in 
Table 1. Additionally, the mouse preparation is approx- 
imately two or three times more active than that of the 
rat when either A’-THC or CBD is the substrate. 
Despite these differences in q,;,,;,,. the apparent K, 
values determined for these two cannabinoids (Table 1) 
are not statistically different whether they are compared 
within or between species. Siemens and Kalant 1211 
reported apparent K, and v,,,,, values for AY-THC of 
135 nM and 570 nmoles/g of proteimmin respectively: 
these values were obtained with a rat-liver 10,000 g 
supernatant fraction. Their apparent j’,,, and K, val- 
ues are much higher than the comparable values pre- 
sented in Table 1; however, the apparent K, of 16 ,uM 
for A9-THC determined in the present investigation 
with rat-liver 20,OOOg supernatant fraction is quite 
similar to the 28 and 15 PM values in the more purified 
liver microsomal preparations reported by Kupfer ef 
al. I221 and Cohen et al. I23 I respectively. The dis 
crepancy between the Siemcns and Kalant kinetic data 
and those found in Table 1 may lie in differences in the 
methods used for preparing the crude microsomal frac- 
tions or in differences in the method used to suspend the 
cannabinoids. The concentration of protein in their 
10.000 g supernatant preparation was over three times 
greater than the protein concentration in the 20,000 g 
supernatant fraction used in the present study; further- 
more. they added the cannabinoids as a suspension 
prepared with rat serum rather than with detergent. 
Nevertheless, these discrepancies in kinetic constants 
are not particularly disturbing in view of the crudeness 
of the enzyme preparations used in these types of 
studies. The relative differences in the rates of metabo- 
lism of A.“-THC and CBD and the species differences 

which have been noted (Table 1) are the important 
considerations; these undoubtedly reflect true differ- 
ences, since the comparisons were made simultane- 
ously in the same microsomal preparation. 

The results of the biotransformation studies pre- 
sented in Fig. 2 illustrate that the metabolite patterns of 
CBD and A’-THC share common characteristics. As is 
demonstrated in this figure. both drugs are progres- 
sively metabolized to increasingly polar products. a 
phenomenon most clearly seen in the aqueous phase of 
Fig. 2, in which the cannabinoid content increases 
continuously with incubation time. The results also 
indicate that the separated metabolites are chromato- 
graphically very similar: that is. the R, values for the 
metabolites of A’-THC and CBD are practically identi- 
cal in both rat and mouse. The most conspicuous 
difference in the pattern of A’-THC and CBD metabo- 
lites in both species is the lack of primary metabolites of 
CBD found in the zone centered around an Rsvalue of 
approximately 0.47. Other differences may also exist 
but may not be apparent because of the limited resolu- 
tion afforded by t.1.c. I 12). For example. each of the 
selected zones IS probably composed of a mixture of 
CBD and Ay-THC metabolites which have similar R, 
values but possess a hydroxyl group(s) in different 
positions on the basic molecule 1 121. Similarities in the 
metabolism of Ay-THC and CBD, and the location of 
the hydroxyl groups on each of these molecules have 
been noted by others [ 241. 

In addition to the comparative studies of biotransfor 
mation kinetics and of metabolite patterns of CBD and 
Ay-THC. an attempt was made to explain the marked 
decline with time in CBD metabolism which occurred 
in the presence of an excess concentration of this 
cannabinoid (Fig. 1). In both the mouse and rat. CBD 
metabolism follows a time course similar to that of A.“- 
THC. but unlike A’-THC, CBD metabolism ceases 
abruptly after a lo- to 15.min incubation period. The 
reason for the cessation of metabolism is not clear; 
however. since the initial concentrations of CBD were 
several times the apparent K, values (Table 1). and 
since some metabolism of CBD did occur (Fig. 1). 
inhibition of the reaction by unmetabolized CBD seems 
an improbable explanation. Subsequent experiments 
were designed to determine if the self-limiting CBD 
metabolism is dependent upon the production of an 
inhibitory metabolite. 

Indirect evidence that the metabolites of CBD can 
inhibit the hepatic mixed-function oxidase system was 
obtained from the experiments to test the influence of 
CBD metabolism on aminopyrine N-demethylase and 
on Ay-THC hydroxylase activities (Figs. 3 and 4). In 
particular, the results of the A9-THC hydroxylase ex- 
periments (Fig. 4) are consistent with the thesis that 
CBD metabolites. and not CBD itself. are responsible 
for the inhibition of the mixed-function oxidase system. 
Similar conclusions were drawn from a study of the 
pharmacokinetics of CBD in the liver 1 25 1. These data 
demonstrated that the half-time for the prolongation of 
hexobarbital sleep time did not correlate with the very 
short half-time of CBD or its primary metabolite in the 
liver. The time course of other metabolites in the liver. 
however, can account for the duration of the CBD effect 
on drug metabolism in vivo, which, like the effect in 
vitro, may be a consequence of the formation of inhibi- 
tory metabolites. 
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