(98 percent) and analyzed for the re-
maining radioisotope. A summation of
the radioactivity found in the medium
and in the bone insured that pairs of
bones had comparable total radioactiv-
ity (6). The inhibitory effect of 2-TCA
on #Ca release from experimental half
calvaria was calculated as the per-
centage of %5Ca release inhibited by
means of the formula [(C — T)/C] X
100, where C represents °Ca in medium
from the control half calvarium and T
represents counts in medium from the
half calvarium treated with 2-TCA. It
has been demonstrated (6) that approxi-
mately 35 = 5 percent of the total re-

lease of #°Ca in this system is due to
~ physicochemical exchange between bone
and medium and is unaffected by hor-
mones and vitamins. Therefore, the
maximum inhibitory effect on a meta-
bolically mediated process can be only
65 = 5 percent of the total release of
45Ca from the control bones. The results
in Table 1 show that at doses as low as
5 to 10 ug/ml, 2-TCA significantly in-
hibited the cell-mediated #°Ca transfer
out of labeled bone.

To study further the inhibitory effect
of 2-TCA on mineral loss from bone
in culture system B, we cultured un-
labeled half calvaria separately with or
without 2-TCA. At the end of a 3-day
incubation, they were stained by the
Von Kossa reaction. The results (Fig.
2B) provide further evidence that 2-
TCA inhibited directly the spontaneous
resorption of bone in tissue culture.

Microscopic observations of the liv-
ing culture and histological examina-
tion of bone sections showed that 2-
TCA, at the dosages and time intervals
used here, did not produce any cyto-
toxic effects, as judged by fibroblastic
outgrowth and bone cell morphology..

The hypocalcemic effects of 2-TCA
are very similar to those produced by
the polypeptide hormone calcitonin
(2, 3). Our findings demonstrate further
the close similarity between the direct
actions of 2-TCA and calcitonin on
bone in tissue culture (7). However, 2-
TCA is a simple compound and, there-
fore, may provide a useful, new phar-
macological tool for studies of bone
metabolism and calcium transfer.

VICTOR S. FANG
CEDRIC MINKIN
PAauL GOLDHABER
Departments of Pharmacology,
Oral Biology and Pathophysiology,
and Periodontology, Harvard
School of Dental Medicine,
Boston, Massachusetts 02115
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Activity of A®- and A°-Tetrahydrocannabinol and
Related Compounds in the Mouse

Abstract. The 11-hydroxy metabolites of AS- and AS-tetrahydrocannabinol are
more active than the parent compounds when administered to mice by either the
intravenous or intracerebral route. Both AS- and A°-tetrahydrocannabinol are
rapidly and extensively metabolized by the liver and not by the brain. The
hypothesis that the 11-hydroxy metabolites may be the active form of tetrahydro-

cannabinol is discussed.

A%-Tetrahydrocannabinol (A°THC) is
considered responsible for most of the
psychotomimetic effects of hashish and
marihuana (I-3). trans-A%-Tetrahydro-
cannabinol (ATHC) is the major
natural THC, although small amounts
of ASTHC also occur. The isolation and
structural elucidation of two metabolites
of A®THC, 11-hydroxy-ATHC and
8,11-dihydroxy-A*THC, have recently
been reported (4). The former metabo-
lite has also been independently isolated
(5). Others have reported on the isola-
tion of 11-hydroxy-ASTHC (2, 6). These
findings have been confirmed and the
isolation of two additional metabolites
of ASTHC, 7a- and 78,11-dihydroxy-
ASTHC. has been reported (7). The
structures of these compounds are
shown below,

The biological activity of the above
compounds plus other available canna-
binoids, including cannabidiol (CBD),
cannabinol (CBN), and A?CDTHC (8)
was compared to that of A°THC in the
mouse after intracerebral and intra-
venous administration (9). Although
the potency of the compounds varied
depending on structure and route of
administration (Table 1), similar neuro-
logical and behavioral responses were
found for all of the substances provided
that high concentrations of the less
potent compounds were used.

The general overt behavioral pattern
is characterized by three progressive
stages: (i) irritability; (ii) decrease in
spontaneous activity with hypersensitiv-
ity to auditory and tactile stimuli; (iii)
marked depression of spontaneous ac-
tivity, decreased awareness, loss of

muscle coordination, reduced sensori-
motor responses, and a crouched pos-
ture and gait similar to that produced
by the narcotic analgesics (/0). Pro-
voked freezing or immobility, a prop-
erty which is also induced by the nar-
cotic analgesics, was much more
pronounced with the ASTHC com-
pounds. Hypothermia and decreased
respiration rate also occur, and then
death by respiratory arrest. When 11-
hydroxy-A°THC was administered in-
tracerebrally, measurable behavioral
alterations were observed at doses of

‘A'THC, R=R:1 = H

11-hydroxy-A"THC, R = OH, R1 = H
8,11-dihydroxy-A*THC, R = R1 = OH

A*THC, R = R2 = R3 = H
11-hydroxy-A*THC, R = OH;

Re =Rs =H
7a,11-dihydroxy-A*THC, R = Rz = OH;
Rs3 = H

78,11-dihydroxy-A*THC, R= OH;
R2 = H; R3 = OH
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Table 1. Relative potency of A°THC to related
compounds. The relative potency by either
route is defined as the ratio of the number
of milligrams of A’THC administered intra-
venously to the number of milligrams of test
compound (administered intravenously or in-
tracerebrally) required to produce a signifi-
cant decrease in spontaneous activity and
hypersensitivity to tactile and auditory stim-
uli. Similar relative potencies were found
when other indices such as marked depression,
a significant change in one of the sensorimotor
responses, or the crouched posture and gait
were selected. The dosage necessary to cause
respiratory arrest is not in all cases com-
parable to the above potencies.

Route of
administration
Compound

Intra- Intra-

venous  cerebral
A'THC 1.0 0.8
11-Hydroxy-A*THC 2.0 15
8,11-Dihydroxy-A*THC >0.02 0.6
ASTHC 0.9 0.8
11-Hydroxy-ASTHC 2.0 14
Ta,11-Dihydroxy-ASTHC ~0.04 ~0.3
78,11-Dihydroxy-A*THC ~0.06 ~0.7
A'ODTHC 0.05 0.7
Cannabidiol 0.03 0.5
Cannabinol 0.03 0.7

0.002 mg, and respiratory arrest oc-
curred at doses of about 0.05 mg, as
compared with doses of 0.05 and 0.5
mg, respectively, for ATHC.

Table 1 shows four important fea-
tures. (i) In the mouse by either route
of administration A3- and A°THC are
approximately equipotent; this holds
also for their corresponding 11-hydroxy
metabolites. (ii) By the intravenous
route the 11-hydroxy metabolites are
about twice as potent as the parent
compounds and by intracerebral ad-
_ ministration about 18 times as potent.
(iii) The route of administration greatly
affects the potency of the 11-hydroxy
metabolites, which are approximately
seven times more potent by intracere-
bral administration than by intra-
venous administration. In contrast, the
parent compounds are approximately
equipotent by either method of ad-
ministration. (iv) Compounds such as

cannabinol and cannabidiol, which by
other routes of administration are con-
sidered inactive or at best very weakly
active, are at least as potent as AS- and
A°THC by intracerebral administra-
tion. The sequence of behavioral
changes with increased concentration,
however, was not always the same in
the two groups of compounds.

In addition, both A8- and A*THC
had a faster onset of activity after intra-
venous than after intracerebral admin-
istration, whereas with the 11-hydroxy
metabolites the onset was slightly faster
than with their parent compounds. Peak
behavioral effects for all four com-
pounds occurred within 10 to 15 min-
utes by both routes. The duration of
overt changes was shorter after intra-
cerebral than after intravenous admin-
istration. When 0.2 mg of ATHC was
administered intravenously the onset of
activity occurred within 2 minutes;
maximum responses were observed at
approximately 10 minutes and lasted up
to 4 hours, as compared to 3 minutes,
10 minutes, and 1 hour, respectively.

The foregoing data suggest that the
activity after intravenous administration
of A8- or A°THC may be due to con-
version to the corresponding 11-hy-
droxy metabolite (I, p. 1165). To test
this possibility, a study in vitro was
conducted to see if AYTHC could be
metabolized in certain organs of the
mouse, including the brain.

Mouse liver, brain, small intestine,
spleen, and red blood cells were
homogenized and the fractions contain-
ing the microsomes and soluble en-
zymes were incubated with 1.0 mg of
C-labeled ASTHC (0.8 uc/mg) per
gram of tissue for 1 hour in a 0.1M
potassium phosphate buffer, pH 7.4,
containing @ reduced nicotinamide
adenine dinucleotide phosphate
(NADPH) regenerating system. The
metabolites were separated by thin-layer
chromatography, and the individual

Table 2. Percentage recovery of *C-labeled A"THC and metabolites 10 minutes after intra-

cerebral or intravenous injection.

Intracerebral (%)

Intravenous (%)

Total N Metab- Total N Metab-

Jabel A THC  iress labet  ATHC  hiiegs
Brain 5.2 4.6 0.6 0.9 0.6 0.3
Blood (1 ml) 1.3 0.8 0.5 0.7 0.4 0.3
Liver 15.4 0.6 14.8 31.1 22 28.9
Spleen 0.2 0.12 0.08 0.3 0.17 0.13
Kidney 2.4 1.6 0.8 1.8 1.2 0.6
Injection site 10.8
Total recovered 353 34.8

*11-Hydroxy-A*THC in each case was the major metabolite.
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labeled peaks (10, 11) were isolated.
A liquid scintillation counter was used
to determine the yields. Under these
conditions A°THC was extensively
metabolized in the liver (about 80 per-
cent), and less so in the spleen (9 per-
cent) and blood (14 percent); there
was negligible conversion in the brain
and small intestine (12).

If ATHC activity is due to trans-
formation to the 11-hydroxy metabolite,
then the concentration of the metabolite
in blood plasma should follow a time
course similar to that of the overt
activity. Proof of this assumption was
obtained by administering ATHC
intravenously and intracerebrally and
taking blood samples at 0.5, 3, 10, and
30 minutes (/3). At 0.5 minutes after
intravenous administration of A*THC,
the metabolite 11-hydroxy-A°THC was
demonstrated both by thin-layer and
gas-liquid chromatography. Within 3
minutes both 11-hydroxy- and 8,11-
dihydroxy-ASTHC were present after
intravenous or intracerebral administra-
tion. The metabolite concentration
reached a maximum 10 minutes after
the drug was administered by either
route, a time that approximately cor-
responded to the time of maximum be-
havioral effects (Table 2).

A comparison of the relative propor-
tions of A°THC to its total metabolites
in specific organs of the mouse 10
minutes after administration (Table 2)
showed that in blood, spleen, and kid-
ney the ratios of ATHC to metabolite
were approximately 60 to 40. By both
routes of administration the liver had
metabolized more than 90 percent of
the A°THC. In the brain the ratio of
A°’THC to metabolites was 70 to 30
after intravenous and 90 to 10 after
intracerebral administration. By both
routes of administration, 11-hydroxy
and 8,11-dihydroxy-ATHC accounted
for more than 70 percent of the metabo-
lites. The ratios of 11-hydroxy to 8,11-
dihydroxy-A®THC after intravenous
administration were: blood, 60 to 40;
liver, 70 to 30; and brain, 80 to 20. The
same ratios were found when A*THC
was similarly administered.

Our data demonstrate that the
11-hydroxy metabolites of AS- and
A°THC are much more potent when
given intracerebrally than the AS- or
A’THC compounds. The parent com-
pounds are rapidly and extensively
metabolized in the liver when given by
either route. The A’THC and its metab-
olites can pass the blood-brain barrier,
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although the compounds may certainly
vary in the proportions which pass from
blood to brain and vice versa. Although
the amount of metabolite in the brain
after administration of A%- or A‘THC
by either route is small, there is enough
to account for the biological activity,
in view of the high potency of the 11-
hydroxy metabolites. Therefore, the 11-
hydroxy metabolites may be the active
forms of THC in the mouse.
H. D. CHRISTENSEN
R. I. FREUDENTHAL
J. T. GIDLEY, R. ROSENFELD
G. BoEeGLi, L. TESTINO, D. R. BRINE
C. G. PrrT, M. E. WALL
Chemistry and Life Sciences Laboratory,
Research Triangle Institute,
Research Triangle Park,
North Carolina 27709
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Microsomal Hydroxylase Induction in Liver Cell Culture
by Phenobarbital, Polycyclic Hydrocarbons, and p,p-DDT

Abstract. Aryl hydrocarbon hydroxylase induction by phenobarbital, polycyclic
hydrocarbons, and the insecticide, 2,2-bis(p-chlorophenyl)-1,1,1-trichloroethane
(p.p’-DDT), occurs in rat fetal liver cell cultures. The maximum net rate at which
the hydroxylase activity accumulates is about the same when phenobarbital, 3-
methylcholanthrene, or benzlalanthracene is in the growth medium at optimum
concentrations. An additive effect is obtained when either phenobarbital or p.p’-
DDT is present with a polycyclic hydrocarbon in the growth medium, but not when
the cells are treated with phenobarbital plus p,p’-DDT or with the combination of

two polycyclic hydrocarbons.

The mixed-function oxygenases (/)
are induced by at least two major
classes of compounds (2). Compounds
such as barbiturates, phenothiazines,
and insecticides represent one class of
inducers, and polycyclic hydrocarbons
are examples of a second type. In vivo,
phenobarbital (PB) stimulates the ac-
tivity of many microsomal enzymes, and
the maximum levels are reached after
3 days or more of repeated treatment;
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also, marked proliferative changes in the
smooth endoplasmic reticulum are
found (2). Polycyclic hydrocarbon ad-
ministration as a.single dose generally
induces the activity of several specific
oxygenases to peak levels in about 24
hours, and no marked proliferation of
the microsomal membranes occurs (2).
Using aryl hydrocarbon hydroxylase (3)
as an enzyme inducible by either class
of inducers, Nebert and Gelboin (4)

found that hydroxylase induction by PB
in vivo occurs to a significant extent
only in liver. In contrast, hydroxylase
induction by polycyclic hydrocarbons
in vivo occurs rapidly in most mam-
malian tissues examined (4).

In fetal cell cultures derived from the
entire hamster (5-9) or mouse (I10),
aryl hydrocarbon hydroxylase induction
by polycyclic hydrocarbons dissolved in
the growth medium takes place, whereas
concentrations as high as 10 mM PB
did not induce the enzyme (7). We have
found (71), however, that treatment of
cell cultures derived from the entire rat
fetus with 2 mM PB elicits about a two-
fold increase in hydroxylase activity.
This finding is consistent with the pos-
sibility that in the heterogeneous cell
population the enzyme system in one
type of cells, such as hepatocytes, can
be induced by PB. Thus, we now de-
scribe aryl hydrocarbon hydroxylase
activity inducible in primary fetal liver
cell cultures by various microsomal en-
zyme inducers. Such an experimental
model in cell culture may be beneficial
for comparing certain effects of drugs,
insecticides, and polycyclic hydrocar-
bons on oxidase activity.

The cell culture materials and tech-
niques were similar to those described
(6, 7). Livers from rat fetuses about 14
to 18 days of age were used in the
preparation of primary cultures of dis-
persed (12) cells. About 30 to 60 fetuses
were used in a typical preparation of
primary cultures; cells from male and
female fetuses were pooled. Fetal liver
tissue was dissected free from the sur-
rounding tissues and minced with sterile
scissors. After 10 minutes of treatment
with Viokase (Grand Island) at room
temperature (8-10), the mixture was
filtered through sterile gauze. The hepa-
tocytes and numerous red blood cells
were then washed in Dulbecco’s phos-
phate buffer, pH 7.1, and plated at a
density of 4 X 10% to 8 X 106 cells
per milliliter. The red cells were readily
removed from the surface of the tissue
culture dish 6 hours later, and at this
time islands of hepatocytes had at-
tached. Phenobarbital dissolved readily
in the growth medium at concentrations
as high as 5 mM. Benz[a]anthracene
(BA), 3-methylcholanthrene (MC), and
2,2-bis(p-chlorophenyl)-1,1,1-trichloro-
ethane (p,p’-DDT) were first dissolved
in small amounts of dimethylsulfoxide,
and this solution was then added to the
growth medium. Control medium and
PB-containing medium were treated

167



	Cit r154_c208: 


