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Daily treatment of rats with phenobarbital, 75 mg/kg, for 5 days resulted in an induc-
tion of the metabolism of "C-A'-transtetrahydrocannabinol (THC) in vitro and in vive.
Although the K and Vyuax for THC metabolism by liver preparations in vitro were not
altered, the rate of formation of highly polar THC metabolites was significantly in-
creased and the final concentration of 7-hydroxy-A-THC was decreased. Phenobarbital
also significantly increased the rate of biliary excretion of THC and its metabolites and
their disappearance from the blood and tissues.

In one experiment, rats receiving a marihuana extract daily (providing THC, 5-10
mg/kg) failed to gain body weight during the first week of treatment, but then became
tolerant to this effect. But neither the rate of THC metabolism in vitro nor the pattern
of metabolites formed was influenced in the tolerant animals compared to controls. In
another experiment, rats were shown to become tolerant on chronic treatment with
marihuana extract, as indicated by a reduction in marihwana-induced enhancement of
ethanol sleeping time. The biliary excretion, disappearance from the blood, and residual
tissue levels of THC and its metabolites were not altered in the tolerant animals com-
pared to pair-fed and ad libitum-fed controls. Therefore the mechanism of tolerance
development to cannabis in the rat is more likely of CNS than of metabolic origin.
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L’administration de phénobarbital (75 mg/kg par jour durant 5 jours) produit chez
le rat une accélération in vivo et in vitro du métabolisme hépatique du *'C-A'-tétrahydro-
cannabinol (THC). Bien que le K et la ¥wux du métabolisme du THC par des prépara-
tions microsomales de foie ne soient pas modifiés, nous observons une augmentation de
la vitesse de formation de métabolites hautement polaires du THC et une diminution de
la concentration finale du 7-hydroxy-A*-THC. Le phénobarbital produit également une
accélération de I'excrétion biliaire des métabolites du THC et de sa disparition du sang
et des tissus. Des rats ayant recu quotidiennement un extrait de marihuana (correspon-
dant & 5-10 mg/kg) n’ont pas présenté d’augmentation de poids corporel apres 1
semaine mais ont présenté par la suite une tolérance aux effets du THC. Comparative-
ment aux animaux témoins, les rats tolérants ne démontrent aucune modification de la
vitesse du métabolisme in vitre du THC ni du type de métabolites formés. Dans une
autre série d’expériences, la tolérance aux effets de la marihuana a été démontrée par
la réduction du prolongement induit par la marihuana du sommeil & I’éthanol. L'excré-
tion biliaire, la disparition du sang et la teneur résiduelle des tissus en THC et métabo-
lites ne sont pas modifiées chez ’animal tolérant, comparativement a Panimal témoin
soumis & un méme régime alimentaire ou & des animaux témoins nourris ad libitum.
Nous concluons que la tolérance au THC resulte de I'adaptation du systéme nerveux
central plutét que d’une adaptation métabolique. [Traduit par le journal]

Introduction drocannabinol (THC), develops in

animals

Tolerance to the effects of cannabis and its
primary psychoactive constituent, Al-tetrahy-
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and man (McMillan et al. 1971; CIN.M.U.D.
1972; Paton and Pertwee 1973) following
chronic administration of cannabis prepara-
tions. However, the mechanisms of this toler-
ance devclopment have not been clearly estab-
lished. Lemberger ef al. (1971) have suggested
that chronic marihuana smoking by humans
may result in an increase in the rate of THC
metabolism. However, their findings arc not
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necessarily conclusive, since all five chronic
smokers in the study were males and three of
the four non-users were female (Lemberger
et al. 1970, 1971) (Lemberger, L.: personal
communication). Sex differences in cannab-
inoid metabolism have not been ruled out.
Furthermore, although the subjects did not use
“other drugs or medications,” their use of
alcohol and tobacco is not discussed. Ethanol
(Kater et al. 1969; Rubin and Lieber 1968),
as well as cyclic hydrocarbons in tobacco
smoke (Conney 1967), have been reported to
act as inducers of microsomal drug metabolism.

The present studies were carricd out to de-
termine to what extent, if any, induction of
THC metabolism might contribute to cannabis
tolerance in the rat. For this purpose, tolcrance
to cannabis was assessed by the reduction of
its enhancement of the depressant action of
cthanol (Kalant and LeBlanc 1974).

Materials and Methods

Materials

“C-(~—)-3,4-trans-A'-tetrahydrocannabinol (THC)
and non-labelled THC were synthesized as described
by Willinsky et al. (1974). The monoterpenoid
nomenclature is employed in this paper; in the
dibenzopyran nomenclature this compound is desig-
nated A-THC. The chemical purity of both com-
pounds following preparative thin-layer chromatog-
raphy (TLC) was >98% as determined by gas-liquid
chromatography (GLC). Pure 7-hydroxy-A’tetra-
hydrocannabinol was provided by Health and Welfare
Canada (HWC), Ottawa, through the courtesy of
Mr. R. A. Graham. Nicotinamide, NADP, glucose
6-phosphate disodium salt, and glucose 6-phosphate
dehydrogenase were purchased from Sigma Chemicals.
TLC was carried out with 0.25-mm silica gel G on
20 X 5 cm plastic sheets (Polygram Sil G, Brink-
mann Instruments).

Treatment of Rats with Phenobarbital

Male Wistar rats, 260-270 g, were treated for 5§
days with one daily intraperitoneal (i.p.) injection of
either 0.9% NaCl, 5 ml/kg, or phenobarbital sodium,
75 mg/kg, dissolved in the same volume of 0.9%
NaCl. Purina chow and water were available ad
libitum. THC metabolism in vitro or in vivo was
measured 24 h after the last dose.

Marilhuana Extracts and Animal Treatment

Two lots of marihuana, which differed in their
cannabinoid content, were obtained from HWC. Alco-
holic extracts were prepared as described previously
(Siemens ¢t al. 1974). For in vitro metabolism
studies, male Wistar rats (250 g) were treated by
gavage with a marihuana extract (M.E.-1) dissolved
in olive oil at a dose that provided 5 mg THC per
kilogram for 10 days, followed by 7.5 mg/kg for the
next 10 days, and then 10 mg/kg for 8 days. The
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cannabinoid composition of the olive-oil solution as
determined by GLC was: THC, 2.5 mg/ml; can-
nabidiol (CBD), 5.85 mg/ml; cannabinol (CBN),
1.49 mg/ml. Controls received equal volumes of
olive oil by gavage. Food and water were available
ad libitum during the first 15 days of treatment, but
thereafter food intake of the controls was restricted
to the amount voluntarily consumed by the cannabis
group (15-18 g per day) to eliminate the possibility
that different amounts of diet would interfere with
a drug effect. The rats were killed at 21.5, 40, 63, or
84 h after the last dose of M.E.-I or olive oil.

For biliary excretion studies, rats were intubated
daily for 13-14 days with another marihuana extract
(M.E.-IT) dissolved in olive oil at a dose that also
provided THC, 10 mg/kg. The cannabinoid composi-
tion of this olive-oil solution was: THC, 2.5 mg/ml;
CBD, 0.22 mg/ml; CBN, 0.46 mg/ml. In all experi-
ments, control animals received olive oil. The biliary
excretion of "C-THC and its metabolites was studied
24-26 h following the last dose of the chronic treat-
ment. In another set of experiments, the biliary
excretion of “C-THC was examined 48 and 72 h
following the end of a 15-day treatment with
M.E.-II or olive oil.

Measurement of Tolerance to Marihuana

The rats to be used later in biliary excretion studies
of "C-THC were divided into three primary groups of
16 each. Each group was divided into four equal
subgroups, each subgroup being scheduled to receive
one of four different test doses of ethanol (2.4, 2.7,
3.0, or 3.3 mg/kg ip. in a 25% (v/v) saline solu-
tion). On day 1, two rats of each subgroup received
olive oil followed 1.5 h later by ethanol, and the
other two rats received a dose of M.E.-II providing
THC. 10 mg/kg, followed by ethanol. The duration
of ethanol-induced loss of righting reflex was deter-
mined (Khanna and Kalant 1970). On day 2, the
rats were retested; those that had previously received
olive oil were now given M.E.-II, and vice versa. In
this way the effect of M.E.-Il on the dose-response
curve for ethanol sleeping time, with each animal as
its own control, was determined before the start of
chronic treatment with cannabis extract.

During the following 10 days, group I received
M.E.-II daily and groups II and III received equiva-
lent volumes of olive oil. Groups I and IT were pair-
fed, group Il rats receiving the amount of Purina
chow eaten the day before by the group-1 member of
each pair. Group Il had chow available ad libitum.
All groups had tap water available ad libitum
throughout the experimental period.

On days 13 and 14, ethanol sleeping time was
again determined in ali three groups with the same
doses of alcohol and of M.E.-IT or olive oil as before.
The order of testing with the various combinations
was the reverse of that used on days 1 and 2. Upon
awakening, rats of group I that had received olive
oil as a test dose received the usual dose of M.E.-II
to maintain the chronic treatment. Rats in groups II
and IIl that had received olive oil as test dose, as
well as those of all three groups that had received
M.E.-II as test dose, received olive oil upon awaken-

ing.
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Animals that were to be used for the determination
of biliary excretion of *C-THC were appropriately
treated with olive oil or M.E.-I for one additional
day after the final determination of ethanol sleeping
time.

Metabolism of THC in vitro

THC complexed with rat serum was incubated with
the 10000 X g supernatant (10 KS) of rat-liver
homogenates under previously determined optimal
conditions {Siemens and Kalant 1974). Initial con-
centrations of THC ranged from 25 to 143 M in
different experiments. Following incubation for 5, 10,
15, or 30 min, the samples were extracted with
methanol and assayed for unchanged THC and its
metabolites by TLC and radiochromatographic scan-
ning (Nuclear-Chicago, Actigraph III, radiochromato-
graph scanner), as described previously (Siemens and
Kalant 1974).

Metabolism of THC in vivo

The biliary excretion of “C-THC and its metab-
olites was studied in rats treated chronically with
phenobarbital and in their controls, as well as in
the M.E.-II tolerant animals and their non-tolerant
controls. Two or three animals from each alcohol-
dose subgroup of cach major-treatment group Wwere
used in the latter study. The disappearance of THC
from the blood during the period of bile collection,
as well as the tissue distribution of THC and its
metabolites at the end of the experiment, were
determined in the same animals. All the techniques
have been described in detail elsewhere (Siemens
and Kalant 1974).

Results

Induction of THC Metabolisim by
Phenobarbital

In vitro Studies

Neither the apparent K, nor the ¥V o, (Line-
weaver and Burk 1934) nor specific activity
of THC metabolism were changed significantly
by phenobarbital treatment (Fig. 1), as deter-
mined by incubating increasing amounts of
THC with 10 KS liver preparations for 10 min.
The apparent K, values were 429 = 135 uM
and 466 = 116 M for control and phenobarbi-
tal-treated animals, respectively, and the cor-
responding apparent V.. values were 0.4 =
0.12 and 0.54 =+ 0.13 pg THC metabolized per
milligram protein per minute.

In keeping with many previous observations
in the literature, however, the liver weight rela-
tive to the body weight was 42% greater
(P < 0.001) for phenobarbital-treated rats
than for control animals. In addition, the 10
KS protein content (milligrams per gram of
liver) was increased by 14% (P < 0.001) in
phenobarbital-treated animals. Therefore the
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Fic. 1. Effect of chronic phenobarbital treatment
of rats on THC metabolism by liver preparations
in vitro. Points represent mean values of two to four
duplicate samples. V, pg THC metabolized per milli-
gram of 10 KS protein per minute; [THC], initial
mM concentration of THC.

total capacity of rat liver to metabolize THC
was substantially (62% ) increased by pheno-
barbital treatment.

The rate of production of highly polar THC
metabolites was significantly increased by the
phenobarbital treatment (Fig. 2). Although the
same amount of THC (zone 8) remained at
the end of incubation for the two groups, the
amount of zone 6, tentatively identified by
TLC as 7-hydroxy-ai-THC (7-OH-THC) on
the basis of results published by Ho er al
(1972), was significantly less for the pheno-
barbital-trcated than the control animals. In
contrast, the amounts of radioactivity present
in zones 1, 2, 3, 5, and in the non-cxtractable
fraction were significantly greater for treated
than control rats, except for zome 3 at the
lower initial concentration of THC. These
zones represent THC metabolites more polar
than 7-OH-THC. Zone 3 was tentatively identi-
fied as 6,7-dihydroxy-a'-THC (6,7-diOH-THC)
by TLC (Ho et al. 1972).

Biliary-Excretion Studies
The rate of biliary excretion of total “C
was significantly greater (P < 0.05) in pheno-
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* p<0-05
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(THC)

Effect of chronic phenobarbital treatment of rats on the production of THC metab-

olites in vitro at two different initial THC concentrations. R: values of zones detected on TLC
plates: (1) 0-0.05, (2) 0.13-0.23, (3) 0.29-0.36 (presumed 6,7-diOH-THC), (4) 0.39-0.48,
(5) 0.51-0.56, (6) (7-OH-THC) 0.57-0.67, (7) 0.73-0.80, (8) (THC) 0.87-0.96; NON-EXT.,
fraction that could not be extracted from incubation sample with methanol. N = five animals
per treatment group, with duplicate incubations for each preparation at each THC concentra-

tion.

barbital-treated rats than in controls during the
first 40 min after injection of *C-THC (Fig.
3). Although total bile flow during the 3-h
experimental period was significantly increased
by the phenobarbital treatment (3.68 g, con-
trols; 4.67 g, treated; P < 0.02), it did not
account for the increased rate of *C excretion.
That is, during the first 20 min (the period of
greatest difference in *C excretion between the
two groups), the biliary excretion of *C in the
phenobarbital group cxcecded that of the con-
trols even when expressed per 100 mg of bile.
After 20 min, the rate of biliary excretion of
MC fell more rapidly in the phenobarbital-
treated group than in the controls, as the
residual level in the blood fell (sec below).

The THC-metabolite pattern in the 10-20
min bile samples was found to be the same for
the treated and control rats. No unchanged
THC was detected, and 7-OH-THC accounted
for only about 2% of the total radioactivity.
In contrast, 12% was detected at R; 0.23-0.60,
14% at 0.14-0.22, 55% at 0-0.13, and 17%
was non-extractable.

The rate of disappearance of total “C from
the blood was significantly increased (P <
0.005) in the phenobarbital-treated rats (Fig.

o CONTROL (5
® PHENOBARBITAL TREATED (6}

% CF DOSE EXCRETED IN BILE / MIN
(=]
ES

Ot

0-08

10 20 30 40 €0 30 720 70 T80

TIME AFTER THC INJECTION (MIN)
Fic. 3. Effect of chronic treatment of rats with

phenobarbital on the rate of biliary excretion of total
"C activity after iv. injection of "C-THC. Values
represent means, and bars indicate S.E.M., with num-
bers of animals in parentheses.

4). Furthermore, the residual amounts of *C
in the liver and kidneys were significantly de-
creased in the treated animals (Table 1). The
concentration in the lung would also have been
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Fic. 4. Effect of chronic treatment of rats with
phenobarbital on the rate of “C disappearance from
the blood following “*C-THC injection. Values repre-
sent means + S.E.M. Linear regressions were calcu-
lated by the method of least squares with points from
30 to 180 min.

significantly reduced but for a single aberrantly
high value (0.11% compared with 0.03-0.05%
in the other animals). The **C concentration
in the urine was not altered.

Tolerance of Rats to Marihuana

Tolerance to M.E.-1

Fig. 5 shows the effect of chronic treatment
with M.E.-I on the change in body weight.
Control rats increased in weight constantly,
whereas the treated animals failed to gain for
the first 6--7 days of treatment, probably be-
causc of reduced food and water intake (Man-
ning et al. 1971, Jirbe and Henrikson 1973).
Thereafter they gained as rapidly as the con-
trols. Increasing the dose of M.E.-I at days 11
and 21 did not interfere with the weight gain.
After the 15th day, the rate of weight gain in
both groups of rats was slightly reduced be-
cause food was restricted. These findings dem-
onstrate that the treated rats developed toler-
ance to an initial adverse effect of marihuana
extract,
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Tolerance to M.E.-11

Analyses of variance demonstrated that the
ethanol-induced sleeping time for all 3 groups
of animals was not dependent on the order of
treatment on test days 1 and 2 or 13 and 14
(Table 2). Therefore the data from the two
orders of treatment were combined for final
analyses.

The ethanol-induced sleeping time was
clearly longer following a single test dose of
ML.E.-1I than after olive oil in all three groups
of rats before the chronic-treatment period
(Fig. 6, Table 3). Following the 10-day treat-
ment period, the ethanol-induced sleeping time
was again markedly increased by an acute
dose of M.E.-II in both control groups, but the
effect was significantly decreased in the chronic
M.E.-Il treated animals compared with the
pair-fed and ad libitum controls (Fig. 6, Table
3, 4). At an ethanol dose of 2.4 g/kg there
appeared to be complete tolerance to M.E.-II,
i.e. the animals treated chronically with M.E.-II
showed no enhancement of sleeping with either
olive oil or M.E.-IL. At the three highest doses
of ethanol, M.E.-II still produced an apparent
slight increase in the sleeping time (Fig. 6D).

Metabolism of THC by Marihuana-Tolerant
Rats

In vitro Metabolism

Although the body-weight curves indicated
that the marihuana-treated rats were tolerant
to M.E.-1, the metabolism of THC in vitro was
not altered. The amount of THC metabolized
(initial THC concentration, 128 pM) during
incubation periods of 5, 10, 15, and 30 min
was the same for olive-oil control and mari-
huana-tolerant rats, as determined 40 h. after
the end of a 28-day treatment period (Fig. 7).
The TLC pattern of THC mctabolites was also
not altered by the chronic treatment. Further-
more, the metabolism of THC in vitro was the
same in the trcated and control groups when
the initial THC concentration was reduced to
51 pM, indicating that neither the apparent
K., nor V,,« for THC metabolism was altered
by the chronic marihuana treatment.

Similarly there was no difference between
control and treated rats when THC metabolism
in vitro was determined at 21.5, 63, or 84 h
following the chronic treatment. In addition, the
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Effect of chronic treatment of rats with M.E.-I on body weight. The initial M.E.-I

dose, providing THC, 5 mg/kg, was increased on day 11 to provide THC, 7.5 mg/kg, and on
day 21 to 10 mg/kg; points and bars represent means and S.E.M.

TaBLE 2. Analysis of variance for the influence of the order of olive oil and M.E.-II treatment
on ethanol-induced sleeping time

Olive oil + ethanol

M.E.-II + ethanol

F* F F F
Source of variation DF (Days1and2) (Daysl13and14) (Daysland?2) {Days 13 and 14)
Between orders of treatment 1,24 2.99 0.31 0.95 1.41
Orders x groups 2,24 1.28 1.07 1.11 0.27
Orders x groups x doses 6,24 0.82 1.05 2.16 1.49

*All F values indicate absence of statistically significant differences between data groups compared; £ > 0.05 in all cases.

TaBLE 3.

Analysis of variance for the effect of olive oil and M.E.-IT

on ethanol-induced sleeping time

F F

Source of variation DF (before chronic treatment) (after chronic treatment)
Olive oil vs. M.E.-11:

Ad libitum control 1,24 34.81% 48.20*

Pair-fed control 1,24 33.52% 26.94*

Treated 1,24 20.40* 11.33%*

*P < 0.001.

#*P < 0.005.

weights of liver, lungs, kidneys, and brain
relative to body weight, and the 10 KS protein
content of the livers were not changed in the
marihuana-tolerant rats when measured at any
time interval following the end of chronic
treatment.

Biliary Excretion of THC
Although the ML.E.-Il treated rats werc
shown to be tolerant to M.E.-II and thus to

THC (Fig. 6) the biliary excretion of THC,
studied at 24-26 h following the end of chronic
treatment, was not changed (Fig. 8). The
rates of 'C excretion in the bile of treated rats
were not significantly different from the rates
in the pair-fed or ad libitum-fed control rats
at any time during the 3-h experimental period.
Furthermore, the THC-metabolite pattern in
the 10-20 min bile samples (i.e. at the time
of highest biliary-excretion rate) was the same
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TABLE 4. Analysis of variance for the influence of chronic-marihuana
treatment on the prolongation of ethanol-induced sleeping time by M.E.-II

F
F (M.E.-II + ethanol sleep:
(M.E.-11 + ethanol sleep: end minus start of
Source of variation DF end of treatment) treatment)
Between treatments 2,36 9.03% 13.51*
Treated vs. pair-fed 1,24 10.84%* 13.04%
Treated vs. ad libitum 1,24 9.,09%*x* 35.62*
Pair-fed vs. ad libitum 1,24 0.47 n.s. 2.05 n.s.
*P < 0.001.
*£P < 0.005.
#exp < 0,01,
NOTE: n.s., no significant difference.
sof OLIVE OfL s o OLIVE OIL CONTROL (5}
A 8 ; s0r ® ME.I TREATED (5)
8ot
70
9
z
2 sof
=
[
—_ a
z o 50
2 z
- 3
: T
o
z
305" o i5 20 25 30
INCUBATION TIME (MiN )

Fic. 7. THC metabolism in vitro 40 h following
the last dose of a 28-day chronic treatment of rats
with M.E.-I (see text for details of treatment and
assay conditions). Initial THC concentration, 100
wg/2.5 ml. Points and bars represent means and
S.E.M.; N = five per group.

oL ‘ , ) . ‘ , , There was no differcnce in the total amounts
24 27 30 a3 24 27 30 33 of HC excreted in 3 h by the treated (51.55 %=
ETHANOL DOSE (a/Kg) 0.97% ) and pair-fed control (51.66 = 2.54% )
. roups. I e ad libitum-fed controls ex-
FiG. 6. Effect of olive oil and M.E.-IT on ethanoi- groups However, the ad libitu 0

induced sleeping time in rats before and after chronic
treatment. Treated chronically with M.E.-II, @; pair-
fed control, (O; ad libitum-fed control, A. Values
represent means; N = four per point. A and B, olive
oil + ethanol tests; C and D, M.E.-Il + ethanol.
A and C, tests before chronic treatment; B and D,
after chronic treatment.

in all three groups of rats (Table 5). The
relative proportions of the various metabolites
might well change over time, as the residual
concentrations of THC and early metabolites
in the body fall.

creted a significantly greater amount (55.95 =
1.92%, P < 0.05) than the treated animals.
The difference between the two control groups
was not significant because of the relatively
large variation in the total amounts excreted.
The rates of bile flow, ranging from 21 to 24
mg/min, did not differ during any time interval
in the three groups.

In agreement with the absence of any dif-
ference in the rates of “C excretion in the bile,
there was also no difference among the rates
of 1*C disappearance from the blood of rats in
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Fic. 8. Effect of chronic treatment of rats with

M.E.-II on the rate of biliary excretion of THC.
Points represent mean values, with N for each group
shown in parentheses. Vertical bar at the 20-min
point for pair-fed controls indicates the largest S.E.M.
found for any of the plotted points.

the threc groups, as determined by linear-
regression analysis from 30 to 180 min (Fig.
9). A single composite regression line was
therefore drawn for the pooled results. The
mean ¢, of this disappearance phase was 3.5 h,
which agrees with previous findings in animals
(Agurell et al. 1970; Klausner and Dingell
1971; Fehr and Kalant 1974). The apparent
volumes of distribution were not altered by the
treatment with M.E.-IL

The tissue distribution of total *C at 3 h
was also not significantly different in the 3
groups (Table 1). The total **C present in the
urine and the four tissues examined amounted
to only about 4-6% of the dose, whereas about
52% was excreted in the bile, as noted above.
The remaining 42-44% was presumably dis-
tributed in the remaining viscera, muscle, and
body fat, as reported elsewhere (Willinsky et
al. 1974). In addition, the relative concentra-
tions of the THC and its metabolites in the
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examined tissues were the same in the two
control and treated groups of animals. THC
accounted for 60-70% of the radioactivity in
the livers and brains, and 50-60% in the lungs.
Only highly polar metabolites were detected in
the urine. The kidneys were not analyzed for
their metabolite content.

The ethanol treatments on the two test days
immediately before the chronic-treatment
period produced a small decrease in the body
weight of all three groups of animals. There-
fore a selective decrease in body weight due to
marihuana treatment (Fig. 5) was partially
masked in these experiments, although the ad-
libitum control rats did gain weight more
rapidly than the other two groups during the
first 4-5 days of chronic treatment.

The biliary excretion, disappearance from
the blood, and tissue distribution of *C-THC
and its metabolites were found to be the same
at 48 and 72 h following the last dose in the
chronic treatment as at 24 h after.

Discussion

Pretreatment with phenobarbital resulted in
an increase in the total capacity of rats to
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metabolize THC as determined in vitro and in
vivo. Experiments carried out in vitro demon-
strated that the rate of formation of THC
metabolites more polar than 7-OH-THC was
greatly increased by the treatment. Other in-
vestigators (Nilsson et al. 1970; Wall 1971;
Gill et al. 1973) have attempted to increase
the yield of 7-OH-THC by incubating THC
for up to 3 h with phenobarbital-induced rat-
liver preparations. However, the present re-
sults indicate that the amount of 7-OH-THC
found in liver-incubation mixtures from pheno-
barbital-treated rats is significantly lower than
in thosc from controls. Furthermore, in studies
with control rats in which incubations were
continued up to 160 min, 7-OH-THC was de-
tected at greatly reduced levels at all times
after 20 min of incubation (Siemens and Kalant
1974). The probable explanation is that
7-OH-THC is rapidly converted to more polar
metabolites.

Phenobarbital pretreatment produced an
initial 2.7-fold increase in the rate of total *C
biliary excretion. This change in excretion rate
probably reflects a true incrcase in the rate of
production of excretable polar THC metab-
olites, since it could not be accounted for by a
slight increasc in the rate of bile flow. That the
metabolites detected in the bile were apparently
the same in both groups of rats may indicate that
the THC metabolites are excrcted as soon as a
certain degrec of polarity is achieved. There-
fore, although the total amount of drug ex-
crected per unit time may bc increascd by
phenobarbital induction, the metabolitc pattern
need not be altered.

The increased rate of disappearance of total
14C from the blood of the phenobarbital group,
as well as the decreased *C content in the livers
and kidneys at 3 h, also reflect the greater rate
of elimination of the drug. These results dem-
onstrated that the in-vitro and in-vivo assay
techniques for THC metabolism were indeed
adequate to detect an induction of metabolism.

Chronic treatment of rats with the mari-
huana extracts resulted in the development of
tolerance to the marihuana, as shown by two
different indices. Rats used for the in-vitro
studies became tolerant to an effect of M.E.-I,
which produced an initial loss of body weight.
This type of tolerance to THC and cannabis
extracts has been reported by others (Pirch et
al. 1970; Rating et al. 1972).

CAN. J. PHYSIOL. PHARMACOL. VOL. 52, 1974

Enhanccment of the depressant effect of
cthanol in rats by acute treatment with M.E.-IT
also agrees with previous reports by others
(Forney and Kiplinger 1971; Kalant and ILe-
Blanc 1974). The rats that were treated with
M.E.-II for 13—14 days became tolerant to the
M.E.-II induced prolongation of cthanol slecp-
ing time, whereas the control groups did not.

The lack of change in rate of THC metab-
olism, both in vitre and in vivo, as well as in
residual-radioactivity levels in the tissues, in
the tolerant animals as compared with controls,
stands in marked contrast to the change in
THC metabolism following phenobarbital in-
duction. The in vitro studies were carried out
at times ranging from 21.5 to 84 h after the
last dose of M.E.-I to test for any possible
inhibitory effect of residual drug from the
chronic treatment on the metabolizing enzymes.
An inhibitory effect of M.E.-I on pentobarbital
metabolism had been found previously (Siemens
et al. 1974), but did not appear to be exerted
on THC metabolism in the present study. This
docs not completely exclude the possibility of
induction of drug-metabolizing enzymes by
cannabis, since any induced incrcase might
have disappcared at least as rapidly as the in-
hibitory component of M.E.-I. However, the
M.E.-II did not inhibit pentobarbital metab-
olism in earlier work (Siemens et al. 1974),
and no induction of THC metabolism was
found in animals treated with it in the prescnt
study. This is consistent with the absence of
any increase in liver size or hepatic-microsomal
protein content. The slightly higher rates of
MC excretion in the bile of ad libitum-fed con-
trols may indicate that the dict influenced the
rate of THC metabolism slightly.

Therefore the tolerance observed apparently
did not occur as a result of a morc rapid re-
moval of either THC or 7-OH-THC from their
site of action. Recently Kupfer et al. (1973)
have reported a similar conclusion: chronic
treatment of rats with THC or a marihuana
extract had no effect on hepatic-microsomal
metabolism of THC or other drugs in vitro.

In contrast, Ho ef al. (1973) have suggested
that oral treatment of rats for 4 weeks with
THC (1 mg/kg) in a 4% Tween-80 and saline
suspension increased the rate of hepatic-micro-
somal metabolism of THC, whereas THC me-
tabolism in the lung was not altered. However,
the interpretation of their results is question-
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able. First, apparently the control animals re-
ceived only saline instead of the THC vehicle.
Therefore Tween-80 may have induced the
metabolism in the treated group. Moreover,
the hepatic-metabolic rates obtained for the
chronically treated animals were not compared
with the rates obtained for the socalled control
animals, but instead with rates determined for
animals that had been treated acutely with
THC. It is known that a single dose of THC
can decrease food and water intake in rats
(Rating et al. 1972), and that fasting can
decrease the rate of hepatic drug metabolism
(Gillette 1971). Thercfore the apparent dif-
ference in the rates of THC metabolism be-
tween the two groups may be due to an acute
inhibition of metabolism in control rats rather
than an inductive effect in the chronically
treated animals.

Furthermore, Ho et al. (1973) apparently
used an incubation period of 1-3 h in the
presence of an NADPH-generating system
containing 1 X 10—* M NADP. Under these
conditions, they observed an overall metab-
olism of only 10-17% of the added THC,
which is considerably below that found under
optimal conditions (Siemens and Kalant 1974).
Even in the latter casc, THC metabolism re-
mained linear with time for only 30 min or less.
If the rates of metabolism of two samples are
compared during the nen-linear phase, it is
difficult to draw a valid conclusion.

Neither THC metabolism (McMillan et al.
1973) nor THC distribution (Dewey et al.
1973) was altered in pigeons tolerant to THC
compared with non-tolerant controls. Our find-
ings are in agreement with these, and at vari-
ance with the suggestion that chronic use of
marihuana may increase the rate of THC me-
tabolism in humans (Lemberger et al. 1971).
Therefore tolerance to marihuana in rats may
be considered “functional” rather than “dis-
positional,” as defined by Kalant et al. (1971).
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