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Abstract—To elucidate the influence of A®-tetrahydrocannabinol (A*>-THC) on proliferation of human
cells and macromolecular biosynthetic events associated with the proliferative process, we have
examined the following parameters of AS-THC-treated HeLa S; cells grown in suspension culture: (1)
exponential population growth, (2) subcellular localization of the drug, (3) protein, DNA and RNA
synthesis, (4) composition and metabolism of chromosomal proteins, and (5) chromatin transcription
in vitro. Exponentially growing Hel.a S; cells exhibit a dose-dependent depression in proliferative
activity when exposed to concentrations of A*>-THC ranging from 5 to 40 xM. Approximately 9 per
cent of the compound added to suspension cultures went into the cells, and of this, approximately
99 per cent was recovered from the cytoplasmic fraction and approximately 1 per cent from the
nuclear fraction. The total cellular amount of A*>~THC was calculated to be 1.44 ng/10° cells. Treatment
of cells with 10-40 x4M A®-THC resulted in a dose-dependent decrease in the apparent synthesis of
DNA and RNA as well as in the sizes of the radiolabeled intracellular acid-soluble nucleotide
precursor pool. Similar results were observed in the protein-synthesizing ability of cells treated with
3040 zM concentrations of A>-THC. Template activity in vitro of chromatin was not affected by
treatment of the cells with 10-30 xM concentrations of the drug. Polyacrylamide gel electrophoretic
analysis of chromosomal proteins pulse labeled with [*H]L-leucine suggests that A>-THC does not affect
the composition, the rates of synthesis, or the turnover of histones and nonhistone chromosomal
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proteins.

AS-Tetrahydrocannabinol (AS-THC) is the major
psychoactive cannabinoid present in marihuana{1].
During the past several years considerable attention
has been focused on the overt psychological [2-4]
and physiological [5, 6] effects of cannabinoids. The
chemistry of the drugs has been extensively
studied [7, 8].

Furthermore, some progress has been made
toward establishing the mechanisms by which can-
nabinoids act at the cellular and molecular levels;
the influences of A®-THC on cell proliferation [9,
10], macromolecular biosynthesis [10, 11}, and for-
mation of chromosomal aberrations[12, 13*] have
been examined in several laboratories. The depres-
sant effect of cannabinoids on protein and nucleic
acid synthesis has been corroborated by others
using different eukaryotic cell preparations{9, 11,
14-18]. But, the complexity of the biological sys-
tems studied makes the resolution of cellular and
molecular actions of cannabinoids an extremely
important, open-ended question.

We have selected continuously dividing HeLa S,
cells in vitro as a system for studying the actions of

* A. Morishima, in a statement before the subcommittee
of the Internal Security Committee of the Judiciary,
United States Senate, May 16, 1974.
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A®-THC on proliferation and macromolecular bio-
synthetic events associated with the proliferative
process in human cells. Additionally, since com-
pelling evidence suggests that the complex and
interdependent series of biochemical events which
are prerequisite for DNA replication and mitosis
require modifications in gene readout[19-22], we
have examined the influence of A*~THC on chromo-
somal proteins, which dictate structural and tran-
scriptional properties of the eukaryotic genome
[20, 23, 24].

MATERIALS AND METHODS

Cell culture and influence of A>-THC onlog growth
cultures. Exponentially growing (log phase) HeLa S,
cells, a hypotetraploid line of human cervical
carcinoma cells, were maintained in suspension cul-
ture in Joklik-modified Eagle’s minimal essential
medium supplemented with 3.5% each of calf and
fetal calf serum. In each experiment, A>-THC was
added to final concentrations of 0.5, 5, 10, 15, 20 and
40 gM to duplicate cultures grown at 37°C. An equal
amount of drug vehicle (95% ethanol) was added to
one of the two control cultures. Cell viability was
checked by trypan blue exclusion at 10 and 40 min
after addition of A>-THC or vehicle. Periodic cell
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density measurements were made by centrifugation
of a culture aliquot at 500 g for 3 min in micro-
calibrated centrifuge tubes, a packed cell column of
0.02 ml/I0 ml of culture being equivalent to
5.0 x 10° cells/ml. These calculations were verified
by hemocytometer measurements. Results were
plotted as per cent of initial cell density vs time
incubated at the various A*-THC concentrations.
(—)-trans-A*-THC (99 per cent pure by gas-liquid
chromatography) was supplied by the National
Institute on Drug Abuse.

Subcellular localization of A*-THC. Exponen-
tially growing HeLa S; cells in suspension culture
were exposed for 30 min at 37° to a 30-uM concen-
tration of [*HJA®-THC (sp. act. 20 xCi/mg). Cells
were pelleted by centrifugation at 570 g for 5 min
then washed in 20 vol. of Earle's balanced salt
solution and pelleted again by centrifugation at 570
g for 5 min. The supernatant fractions were com-
bined with 95% ethanol washings of the culture flask
and will be referred to as the *‘culture flask and
media™ fraction. The nuclei were washed in 25 vol.
of 0.15 M NaCl-10 mM Tris (pH 8.0) and pelleted
by centrifugation at 570 g for S min. Both the
supernatant fractions from the lysing medium and
the salt washing were combined and will be referred
to as the ‘‘cytoplasmic™ fraction. Nuclei isolated in
this manner are largely free of cytoplasmic material
when examined by phase contrast microscopy.
Nuclei were lysed by suspending the nuclear pellet
in double glass-distilled water. The chromatin was
allowed to swell at 4° for 30 min, and then pelleted
at 20000 g for 5 min. The supernatant fraction was
decanted and is referred to as the "‘nucleoplasmic™
fraction: the chromatin was solubilized in 5 vol. of
NCS'™ tissue solubilizer (Amersham & Searles) and
will be referred to as the ‘‘chromatin™ fraction.
Aliquots of the various fractions were counted in
a liquid scintillation counter along with appropriate
internal standards used to calculate the per cent of
total radioactivity present in each of the fractions.
[1",2"-*H]A®*-THC (137 Ci/mg, > 95 per cent pure
by gas-liquid chromatography) was supplied by the
National Institute on Drug Abuse.

The possibility should be considered that deter-
gents such as Triton X-100 might solubilize some of
the [PH]AY-THC and thus bring about an apparent
decreased level of the drug in our nuclear
preparations.

Influence of AS-THC on protein, DNA and RNA
synthesis. Exponentially growing Hela S; cells
were exposed to 5, 10, 20, 30 and 40 xM concentra-
tions of A%-THC in culture media for 10 hr. In each
experiment, two controls were used, one untreated
and one treated with vehicle alone (95% ethanol).
Four-ml aliquots (in triplicate) from each of the
cultures (in the presence of A°-THC) were pulse
labeled for 15 minat 37°with 2 xCi[4,5-*H]L-leucine
(46 Ci/m-mole), 2 xCi [methyl-*H]thymidine (13
Ci/m-mole), or 1 xCi [5-*H]uridine (23 Ci/m-mole).
Samples were continuously agitated during incuba-
tion with radioisotope. All radioisotopes were ob-
tained from Schwarz/Mann, Orangeburg, NY. The
samples were rapidly cooled to 4° by the addition
of cold Earle's balanced salt solution and immersion
in an ice-water bath. Cells were pelleted by centri-
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fugation at 900 g for S min. The supernatant frac-
tion was decanted and the cell pellets were
resuspended in trichloroacetic acid. The acid-
washed cell pellets were then centrifuged at 900 g
for 5 min and supernatant fractions saved as the
**acid-soluble fractions™. The ‘‘acid-insoluble pre-
cipitate fractions” were solubilized in NCS'™ tissue
solubilizer. Aliquots of both fractions were dis-
solved in a scintillation mixture (150 mg of 1,4-di[2-
(5-phenyloxazolyl)]benzene, 240 mg napthalene, 15
g of 2.5-diphenylozazolyle, 1 liter toluene, 1 liter
ethanol and 1 liter dioxane) and counted in a
Beckman scintillation counter. The results were
plotted as cpm x cell™' vs A°-THC concentrations
for each of the isotopes incorporated into both the
“*acid-soluble’ and *‘acid-insoluble™ fraction.

Influence of A>-THC on composition and metab-
olism of chromosomal proteins. Exponentially
growing Hela S; cells were exposed to 10, 20 and
30 #M concentrations of A*-THC in culture media
for 10 hr. In each experiment, two controls were
used, one untreated and one treated with vehicle
alone (95% ethanol). The cells were pelleted by cen-
trifugation, resuspended in Earle’s balanced salt
solution containing 5 xCi/ml of [*H]leucine (46
Ci/m-mole) and 2% fetal calf serum, and then pulse
labeled for 15 min at 37°. Nucleiand chromatin were
isolated at 4° as previously described[25]. Cells
were harvested by centrifugation, washed three
times with 80 vol. of 80 mM NaCl-20 mM EDTA-
1% Triton X-100 (pH 7.2). Nuclei were pelleted by
centrifugation at 1000 g for 3 min and washed twice
in 0.15 M NaCl-10 mM Tris (pH 8.0) (collected by
centrifugation at 1000 g for 3 min after each wash-
ing). Nuclei isolated in this manner are free of
cytoplasmic contamination when examined by
phase contrast microscopy. Nuclei were lysed in 60
vol. of double distilled water. The chromatin was
allowed to swell in an ice bath at 4° for 20 min and
was then pelleted by centrifugation at 12000 g for
15 min. Chromatin was homogenized into buffer
containing 2% SDS-5% BME-0.0625 M Tris (pH
6.8) and then dialyzed against 0.19% SDS-0.1%
BME-0.0625 M Tris (pH 6.8). Dialyzed samples
were then subjected to SDS-8.75% polyacrylamide
gel electrophoresis according to the method of
Laemmli[26]. Gels were spectrophotometrically
scanned at 590 nm, fractionated into 2-mm slices,
placed in liquid scintillation counting vials and
solubilized in 0.4 ml of 30% H,0,. Ten ml of
scintillation mixture was added to each vial (2500
ml toluene, 1333 ml Triton X-100 and 168 ml liqui-
fluor) and the fractions were counted in a Beckman
liquid scintillation counter. Results were plotted as
per cent of total counts per gel vs distance of
migration.

Influence of A>-THC on transcription of chroma-
tin in vitro. Exponentially growing Hel.a S; cells
were exposed to 15 and 30 M concentrations of
A%-THC in culture media for 10 hr. A control culture
was treated with vehicle alone (95% ethanol). An-
other control culture was not treated with drug or
vehicle. Chromatin was isolated as described above
[25] and then transcribed in vitro using fraction V
Escherichia coli RN A polymerase according to the
method of Berg et al. [27]. Transcription was carried
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out with varying amounts of DNA as chromatin for
10 min at 37°. The incubation mixture in a final
volume of 0.25 ml contained: 40 mM Tris (pH 8.0),
4mM MgCl,, 1 mM MnCl,, 0.008% g-mercapto-
ethanol, 0.4 mM each of ATP, UTP, GTP and CTP,
0.1 xCi ["*CIATP (50 xCi/m-mole, from Schwarz/
Mann, Orangeburg, NY), varying amounts of DNA
as chromatin ranging from 1.5 to 65 xg/ml and 4.3
units of RN A polymerase. The reaction was stopped
by addition of cold 15% trichloroacetic acid and
the samples were placed in an ice-water bath at 4°
for 10 min. The acid-insoluble precipitates were
collected by vacuum filtration on 0.45 zm Millipore
filters and each filter was washed with 30 ml of 10%
trichloroacetic acid. Filters were dissolved in 1 ml
of Cellosolve in a liquid scintillation vial. Ten ml
of scintillation mixture (2365 ml toluene, 788 ml
Cellosolve and 132 ml liquifluor) was added to each
vial and the samples were counted in a Beckman
liquid scintillation counter. Results were plotted as
cpm of [MC]ATP vs ug DNA in chromatin.

RESULTS AND DISCUSSION

Influence of A>-THC on cell proliferation in expo-
nentially growing Hel.a S; cells. To examine the
influence of A®-THC on cell proliferation in human
cells, we initially assayed the effect of various con-
centrations of the drug onthe growth of continuously
dividing HeLa S; cells. A>-THC was present in the
cultures throughout the experiments. At the start
of each experiment, the cell concentration was
adjusted to 2.5 x 10° cells/ml to insure the potential
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Fig. I. Effects of varying concentrations of A>-THC on

exponentially growing HeLa S; cells in suspension cul-

tures. Packed cell volumes were used to determine the per

cent of initial cell density as a function of time in the

presence of: (a) control (@), vehicle (O), 5 uM A>-THC (a),

10 #uM A®-THC (A) and 15 gM A®-THC (m), and (b) control

(@), vehicle (O), 0.5 pM A°*-THC (a), 20 uM A®-THC (A)
and 40 zM AS-THC (m).
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for exponential growth. Cell viabilities (ascertained
by trypan blue exclusion) were greater than 98 per
cent for the control, vehicle-treated, and A%>-THC-
treated cultures at 10 and 40 min after initiation of
the growth curves; this rules out the possibility that
A®-THC and/or the drug vehicle may have produced
toxic nonspecific cell destruction giving an incor-
rect initial ‘‘viable’’ cell number. As indicated in Fig.
1, AS-THC depresses the exponential growth of
HeLa S; cells in a dose-dependent fashion with
concentrations of S, 10, 15, 20 and 40 xM causing
depressions of approximately 8, 12, 20, 31 and 56
per cent respectively. The values plotted represent
the mean of two independent determinations. The
above concentrations of A®-THC fall within the
range at which other investigators have observed
similar results in the growth Kkinetics of other
eukaryotic cells[10, 13, 28]. A control with 95%
ethanol (used as drug vehicle) and a A*>~THC con-
centration of 0.5 xM did not exhibit inhibition of
the exponential growth of Hel.a cells when com-
pared to that of untreated cells.

Subcellular localization of A*>-THC. Two import-
ant questions which arise are how much, if any, of
the AS-THC enters the cell and what is its subcellular
distribution? Defining the drug level present in
various intracellular components is immediately
relevant to evaluating the site of action of
cannabinoids. Since A®>-THC exhibits a high affinity
for nonspecific components of serum in the culture
media and for glassware, the concentration of can-
nabinoids in the growth medium may not be a
reliable reflection of the amount of drug available to
the cells. To compensate for nonspecific sequester-
ing of A°-THC, all experiments were carried out in
the same volumes of culture media. Knowing the
intracellular concentrations of A®-THC is also
essential for the execution of experiments in which
the drug is utilized in cell-free systems to insure
that drug levels accurately represent conditions
in vivo.

To determine the amounts of A>-THC associated
with the various cellular compartments of HeLa S,
cells, we incubated the cells in the presence of
[*H]A®-THC for 30 min. Table | shows that, at a total
AS-THC concentration of 30 xM in culture media,
9.13 per cent of the radiolabeled A%>-THC was asso-
ciated with the cellular fraction. This corresponds
to 1.44 ng A>-THC/10? cells. In agreement with pre-
vious observations in which 85-95 per cent of THC
is bound to serum lipoproteins [29, 30], we observed
that 90.8 per cent of the radiolabeled A®-THC re-
mained associated with the culture flask and medium
containing 7% calf serum. The cells were washed
three times in order to remove any nonspecifically
adhering (*H]A%-THC from the cells. Of the com-
pound entering the cells, 98.7 per cent was recov-
ered in the ‘‘cytoplasmic” fraction and 1.27 per cent
in the ‘‘nuclear” fraction. The total recovery of
radiolabeled A®>-THC was 86 per cent. At a final
glance our results appear to be inconsistent with
those previously obtained from subcellular fraction-
ation procedures in which crude nuclear prepara-
tions were made from mouse brain[31]. The crude
mouse brain nuclei contained 20-25 per cent of the
total intracellular label, a higher percentage of the
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Table 1. A>-THC (at a 30 M concentration) in the subcellular fraction of HelLa
S; cells in suspension cuiture*

Per cent of total Per cent of cellular

AS-THC/10? cells

Fraction [*H]AS-THC [*H]AS-THC (pg)
Culture flask + media 90.8 0.9 — —
Cellular 9.13+0.16 100.00 = 1.8 1436 =26

Cytoplasmic 9.01 £0.16 98.7+1.8 1418 + 25
Nuclear 0.116 = 0.003 1.27 £0.03 18=0.5
Nucleoplasmic 0.028 = 0.001 0.307 + 0.007 4+0.2
Chromatin 0.088 + 0.002 0.963 + 0.024 1403

* Exponentially growing HeLa S; cells in suspension cultures were exposed for
30 min at 37° to a 30 uM concentration of [PHJA®-THC with a specific activity of
20 xCi/mg. The various cellular fractions were isolated as described in Materials
and Methods. Results were calculated as per cent of total and of cellular [PH]A%-THC
as determined from internal standards appropriate for each fraction isolated and
are expressed as mean + average deviation.

cellular A>-THC than we find associated with the
HelLa cell nuclear fraction. To resolve the differen-
ces in the representations of [PHJAY-THC in nuclei
from mouse brain and HeLa cells, we prepared a
crude nuclear fraction from [PH]A®-THC-treated
Hela S; cells by a sucrose procedure according to
the method of DeRobertis et al. [32, 33]. Inthe HeLa
nuclei prepared by the sucrose method, 86 per cent
of the labeled cannabinoid was associated with the
cytoplasmic fraction and 14 per cent with the nu-
clear fraction. The level of A°>-THC in sucrose pre-
pared HeLa nuclei compares quite favorably with
that in mouse brain nuclei isolated by a similar
procedure [31]. Since the HeLa nuclei prepared by
the sucrose procedure are associated with signifi-
cant amounts of cytoplasmic material (as observed
by phase contrast microscopy), and the nuclei of
detergent prepared Hel.a nuclei are not, it seems
reasonable to conclude that the elevated levels of
A%THC found in sucrose prepared nuclei from
Hel a or mouse brain cells are most likely attribu-
table to drug present in cytoplasmic contaminants.

Influence of A>-THC on protein, DNA and RNA
synthesis. Cell proliferation involves a complex and
interdependent series of biochemical events re-
quiring differential gene expression. Such modifica-
tions in gene readout are prerequisite for DNA
replication and mitotic division. We examined the
possibility that treatment of human cells with can-
nabinoids results in perturbation of the macro-
molecular biosynthetic events essential for cell
proliferation. We assayed the influence of A*-THC
on the biosynthesis of protein, DNA and RNA in
continuously dividing HeLa S; cells by pulse
labeling the cells with [*Hleucine, [*H]thymidine, or
[*H]uridine and determining the incorporation of
these radioactive protein and nucleic acid precur-
sors into acid-insoluble material. The effect of
A®-THC on the cellular uptake of the radiolabeled
acid-soluble precursors was also monitored since it
would limit their incorporation into the acid-
insoluble fractions and thus any fluctuations in
precursor uptake would yield misleading data as to
the actual direct effect of A%-THC on macromo-
lecular synthesis. As shown in Figs. 2 and 3, a
dose-dependent depression in the apparent rates of
DNA and RNA synthesis was observed in HeLa
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Fig. 2. Effects of A®-THC on the incorporation of (a)
[*H]leucine, (b) [*H]thymidine and (c) [*H]uridine into
protein, DNA and RNA respectively. Exponentially
growing Hela S; cells in suspension cultures were pulse
labeled for 15 min with the appropriate radioactive pre-
cursor. The incorporation of radioactivity into the acid-
insoluble (®) and acid-soluble (m) fractions was
determined for cells pretreated for 10 hr with S, 10 and 20
#M concentrations of A>-THC. C = control; V = vehicle-
treated cells.
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Fig. 3. Effects of A>-THC on the incorporation of (a)
[*H]leucine, (b) [*H]thymidine and (c) {*H]uridine into
protein, DNA and RNA respectively. Exponentially
growing HeLa S; cells in suspension cultures were pulse
labeled for 15 min with the appropriate radioactive pre-
cursor. The incorporation of radioactivity into the acid-
insoluble (®) and acid-soluble (@) fractions was
determined for cells pretreated for 10 hr with 20, 30 and
40 uM concentrations of A*THC. C=control; V=
vehicle-treated cells.
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S; cells after 10 hr of exposure to 10, 20, 30 and
40 uM concentrations of A%-THC. A depressant
effect on protein synthesis was observed at 30 and
40 M concentrations of A®-THC. Exposure to a §
#M concentration of A®-THC did not appear to
affect DNA or synthesis, while exposure to 5, 10
and 20 uM concentrations of A*>-THC did not signi-
ficantly affect protein synthesis. The results ob-
tained for the acid-soluble fractions closely parallel
those obtained for the acid-insoluble fractions,
indicating some interference by A®-THC with incor-
poration of labeled exogenous precursors into the
intracellular precursor pool. These results could
arise from at least two possible mechanisms of
action for the molecular effects of A>-THC: (1) direct
interference with the macromolecular synthesizing
mechanisms, and (2) interference, possibly at the
cell membrane level, with the incorporation of
exogenous protein and nucleic acid precursors into
the intracellular pool. Our results, along with the
previous observations of other investigators (11, 34—
36], suggest that the inhibition of macromolecular
synthesis seen in the pulse-labeling experiments
may be due to the effect of A®-THC limiting the
access of the radiolabeled precursor into the cell.
Several investigators have observed a reduction in
the radioisotopically measured precursor pool sizes
which could account for the decrease in macro-
molecular synthesis in the presence of A*>-THC in
cultured human diploid fibroblasts, human and
mouse neuroblastoma cells [11], in cultured human
lymphocytes [34, 35], and in Lewis lung tumor
cells [37, 38]. Similar inhibitory effects on macro-
molecular synthesis have been reported with A®-
THC concentrations varying from 1 gM [9, 39, 40]
to 100 xM [41], depending on the serum content of
the culture medium [34, 35] and the cell type used
[42].
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Fig. 4. Effect of drug vehicle (95% ethanol) on the incor-
poration of (a) [*H]leucine, (b) [*H]thymidine and (c)
[*H]uridine into protein, DNA and RNA respectively.
Exponentially growing HeLa S; cells in suspension cul-
tures were pulse labeled for 15 min with the appropriate
radioactive precursor. The incorporation of radioactivity
into the acid-insoluble fractions was determined for cells
pre-treated with 71 xl of 95% ethanol/50 ml of culture
media for 1, 3, 6 and 9 hr. Appropriate untreated controls
were obtained for each radioactive precursor at each time
interval. Results are plotted as per cent incorporation of
control for each radioactive precursor at 1, 3, 6 and 9 hr
of preincubation with drug vehicle.
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A 10-hr exposure was chosen since, as shown in
Fig. 4, treatment of HeLa cells with a concentration
of ethanol (23 mM) equivalent to that used as drug
vehicle brought about an initial decrease in the
apparent nucleic acid synthesis which was not
evident by 9-10 hr after the addition of ethanol.
Further results in our laboratory (unpublished) have
shown this initial decrease not to be due to a
reduction of the incorporation of exogenous radio-
labeled precursor into the intracellular pool.

AS-THC is very fat soluble {43] and binds to the
double lipid layer of the plasma membrane [44].
There already exists evidence for the action of
A®-THC at the membrane level on mitochondria [44~
46], microsomal drug-metabolizing systems [46, 47],
and erythrocytes [40]. This action of A®-THC on cell
membranes could be responsible for a reduction in
uptake of exogenous precursors into the intracel-
lular pool leading to the observed apparent decrease
in macromolecular synthesis.

Influence of A>-THC on composition and metab-
olism of chromosomal proteins. Accumulating
evidence suggests that chromosomal proteins play
both structural and regulatory roles in genetic
material of eukaryotic cells [20, 21]. Chromosomal
proteins have been divided into two groups: (1) the
histones which appear to be involved in determining
the structure of chromatin [48-50], and (2) the non-
histone protein components which appear to exert
a regulatory role in gene transcription [20]. Since
alterations in gene readout are necessary for the
normal progression of events in the cell cycle and
since some of these changes have been associated
with changes in the metabolism of chromosomal
proteins, we have studied the composition and
metabolism of chromosomal proteins after exposure
of HeLa S; cells to varying concentrations of A®-
THC (10, 20 and 30 zM) for 10 hr. Cells were then
pulse labeled with [*H]leucine. The 3H-labeled
chromosomal proteins were extracted as explained
in Materials and Methods and then electrophoresed
in SDS-polyacrylamide gels. Figure S shows the
patterns of [*Hlleucine incorporation into total
chromosomal proteins obtained by SDS-polyacryl-
amide gel electrophoresis. No significant change
from the control was observed in this pattern when
HeLa S; cells were exposed to either the vehicle
(95% ethanol) or A®-THC concentrations of 10, 20
and 30 uM. The electrophoretic banding patterns
of the stained proteins in control and in drug-treated
cells were identical. These results indicate that AS-
THC does not appear to affect the composition and
metabolism of chromosomal proteins, and thus may

-not directly affect chromatin structure or function

by these means.

Chromatin alterations have been observed in his-
tochemical studies ultilizing anionic and cationic
staining techniques specific for basic proteins (such
as histones) and for nuclear acidic phosphoproteins.
A decrease in the staining of basic nuclear proteins,
along with changes in the staining of arginine-rich
histones and an increase in the staining of nuclear
acidic phosphoproteins were observed in the leuko-
cytes of chronic marihuana users[51]. These ob-
served histochemical changes of nuclear proteins
may be due not to a quantitative change in the com-
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Fig. 5. Effect of A®THC on the incorporation of

[*H]leucine into total chromosomal proteins. Exponen-
tially growing Hel.a S; cells were exposed to 10 gM (A),
20 uM (A) and 30 xM (@) A°-THC in suspension cultures
for 10 hr and then pulse labeled for 15 min with 5 #Ci/ml
of [*H]leucine. Chromosomal proteins were isolated and
electrophoresed in SDS-8.75% polyacrylamide slab gels as
described in Materials and Methods. Control (@) and
vehicle-treated (Q) samples were also studied. Radio-
activity in each gel fraction is plotted as per cent of total
radioactivity in the gel. A,q, (——) profiles of the stained
protein bands were similar for each sample gel.

position of the proteins, but to an alteration of the
state of the chromatin. African Green Monkey
kidney cells exposed to a 500-xM concentration of
A%-THC have displayed marked chromatin altera-
tions as observed by fluorescence microscopy of
cells stained with acridine-organe [16]. Any effect
that A>-THC may have on post-translational modi-
fications of chromosomal proteins or their associa-
tion with nucleic acids could lead to structural and
functional alterations of chromatin. Modifications
of this type have been implicated in the transcrip-
tional control of gene expression. We are presently
investigating the effects which A>-THC may have
on the post-translational acetylation and phosphory-
lation of chromosomal proteins.

Influence of AS-THC on the transcription of
chromatinin vitro. A reduction in the polyribosomal
content of A®>~THC-treated cells has been previously
reported in the protozoan Tetrahymena[10], and
this reduction has been linked to a concomitant
decrease in cellular mRNA. This decrease in cellular
mRNA may be due either to increased degradation
of polyribosomal RNA or to a decrease in the rate
of synthesis of mRNA. The previously observed
RNA values in vivo are difficult to interpret defini-
tively due to concomitant changes in the cellular
precursor pool brought about by exposure to
A®-THC. To look directly at transcription and to
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Fig. 6. Effect of A>-THC on the transcription in vitro
of chromatin isolated from exponentially growing HeLa S,
cells pretreated for 10 hr with 15 zM (A) and 30 xM (®)
A*-THC in suspension culture. Control (@) and vehicle-
treated (O) samples were also studied. Transcription in
vitro of isolated chromatin was carried out using E. coli
RNA polymerase in the presence of ["*CJATP, as des-
cribed in Materials and Methods. Results are plotted as
cpm of incorporated ["*CJATP vs ug of DNA in chromatin.

circumvent some of the complications encountered
with labeling RNA in intact cells, we have pro-
ceeded to study the effect of A®>~THC on the trans-
criptional capacity of chromatin. Chromatin,
isolated from HeLa S; cells previously exposed to
varying concentrations of AS-THC, was transcribed
in vitro using E. coli RNA polymerase in the pres-
ence of ["*C]ATP. It should be noted that the iso-
lated chromatin contained no significant level of
endogenous RNA polymerase activity, and that the
E. coli RNA polymerase did not exhibit any exo-
transferase activity. Figure 6 shows no difference in
the transcriptional activity of isolated chromatin
among control, vehicle-treated, and A°>-THC-treated
cells at concentrations of 15 and 30 uM of A°>-THC.
These results indicate that A>-THC does not appear
to have an effect on the translational capacity in vitro
of chromatin isolated from pretreated cells.

In conclusion, we have observed that A®-THC
causes a dose-dependent inhibition of proliferation
in HeLa S; cells. This decrease is accompanied by
comparable inhibition in the apparent synthesis of
protein, DNA and RNA in intact cells. But this
depression in macromolecular synthesis may in part
be due to a limitation by A®>-THC of the access of
the radiolabeled precursor into the cell. Chromo-
somal protein synthesis does not appear to be
affected by AS-THC under the conditions studied.
However, this study does not rule out any probable
effect of AS-THC on the post-translational modifi-
cations of chromosomal proteins or their interaction
with nucleic acids. These results are consistent with
low concentrations of a principal psychoactive can-
nabinoid bringing about perturbations of key bio-
chemical events required for division of human
cells. However, the specific molecular sites remain
to be resolved.
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