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INTRODUCTION

The increasing prevalence of marihuana use in this
country necessitates a serious investigationvinto the
physiological effects of thislpractioe. This study is a
oolléction of primary research paperé on the.physiologioal
effects of marihuana use in man. An annotated bibliography
provides a comprehensive index, and a closing statement on
the current status of marihuana use 1s offered. Marihuana
research 1s in its very early stages. Tetréhydr@cannabinol
(THC) is the prinéipal psychoactive ingredient in mari-
huana, andAthis discovery was made in 1965 by Meohoﬁlam.
Thé problems in compiling this presentation are largely
due to the paucity of availéble data on the direct effects
of marihuana use on man. Careful definition of dosage
levelé (shdrt;tefm vs. chronic use) is uncertain. The
abundance of confiicting research data adds to tﬁe con-
fusion.' ﬁhere is intensive current reéearéh on marihauna
uée; ahd this study éaﬂ only be a presentation of what is
known at this time.

; This;study is a carefully limited selection of re-
séafoh papgrs.'gMechoulém's (1973) book is'an excellent

resource for a serious study of the chemistry, pharma-




cology, metabolism, and clinical effects of marihuana use.
The importance of the physiological and behavioural effects
of marihuana use has generaﬁed several excellent reviews
(Bonnie and Whitebread, 1974; Grinspoon, 1969; Powell,
1971; and Schultes, 1969). As a guide to the current

" literature on marihuana, the reader may wish to examine
some of the bibliographies (Gamage et al., 1969; Liber-

man, 1971; Moore, 1969; and Waller et al., 1976).




Dose-Response Relationships to Cannabis in Human Subjects
(Kiplinger and Manno, 1971). :

Dose-responsé relationships of marihuana smoking
and physiological effects were evaluated on male volun-
teers between the ages of 21 and 30. The volunteers

smoked marihuana cigarettes which were pre-measured at

varying doses. Pulse rate, subjective effects, motor
prerformance, and verbal performance were measured.
Direct dose-response. relationshilps were recorded for
pulse rate and subjective effects. Tachycardia, a very
rapid and volatile contraction of the heart, was the

.most consistent response to marihuana use.

Effects of Marihuana Use on Body Weight and Caloric
Intake in Humans (Greenberg, et al. 1976) 4

Body Weight and caloric intake were measured in a
group of heavy and casual marihuana users before and
after 21 days of marihuana smoking. Both groups had
significant increases in caloric intake and weight gain
during the testing period. Water retention,. as measured
by urine output, was not the reason for weight gain.

Inhibition of Glucose Efflux from Human Erythfocytes by
Hashish Components (Schurr, et al. 1974).

"Marihuana hunger" (craving for sweets) is not
caused by a lowered blood glucose level. Glucose trans-
port across cellular membranes was tested on freshly
drawn human blood. Glucose efflux from human erythro-
cytes 1s inhibited by tetrahydrocannabinol (THC). This
inhibition results in a temporary halt in glucose trans-
port from plasma into the erythrocytes. The adverse
interaction of hashish components and cellular mem-
branes of erythrocytes is the reason for the inhibition
of glucose efflux from human erythrocytes.

Delta~8- and Delta-9- Tetrahydracannabinol: Effects on
Cultured Human Leucocytes (Neu, et al. 1974).

Tetrahydrocannabinol (THC) was added to human blood
cultures. The presence of THC resulted in a drastic
decrease in the mitotic index at all concentrations.




Less than 5% of the metaphases in the cultures exposed
to THC had gaps and breaks. THC did not cause visible
damage to human lymphocyte chromosomes in Vltro.
Nothing was determined concerning péssible in vivo:
effects of the drug.

The Effect of Delta-9- Tetrahydnocannablnol on the
Chromosomes of Human Lymphocytes in vitro (Stenchever

and Allen, 1972)

Clinical observations indicate a higher number of
chromosome breaks for marihuana users than nonusers.
Human leukocytes from 4 healthy donors were exposed to
THC in ‘tissue cultures. There was no increase in the
incidence of chromosome breaks or gaps in any of the
study. cultures. The in vitro results are not correlated
with possible in vivo effects.

The Inhibition of DNA Synthesls by Cannab1n01ds (Carch-

"man, Harris, and Munson, 1976).

In vitro tests on lung tumors grown in mice, and
bone marrow tests on mice prove the inhibition of DNA
synthesis by cannabinoids. The in vitro results with
the cannabinoids were supported by in vivo tumor in-
hibition studies. THC was the only cannabinoid that
inhibited both DNA synthesis in vitro and tumor growth
in vivo.

Marihuana: Studies on the DlSpOSltlon and Metabolism of
Delta-9- tetrahydrocannabinol in Man (Lemberger, et
al. 1970).

THC was administered intravenously to human vol-
unteers. The drug persisted in plasma for several days.
The metabolites of THC were excreted via the urine and
feces for more than 8 days. THC persists in plasma for
long periods. The drug 1s a non-polar compound, and it

“has a high affinity for fat tissue and lung tissue.

The Physiologic Disposition of Marihuana in Man (Lem-
berger and Rubin, 1975).
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THC was administered orally to human volunteers.
THC is lipid soluble; it is stored in fat tissue
and lung tissue. ‘THC also binds to tissue protein.
THC is rapidly converted to a hydroxyl compound, and
this compound has a more potent psychopharmacologic
effect than the parent compound. More research is
needed on the various metabolic products of THC.

Biological Disposition of tetrahydrocannabinoids
(Truitt, 1971).

When intravenously administered, radiolabeled THC
accumulates in the liver. THC and its metabolites are
excreted  via the urine and feces. The drug and its
metabolites easily cross the placenta. There is a lack
of preference of the drug for brain tissue. THC is

- quickly converted to a hydroxyl compound, -and this
‘compound exceeds the precursor in potency.

Delta-9-Tetrahydrocannabinol: Localization in Body

Fat (Krem and Axelrod, 2973).

THC was injected subcutaneously in rats daily for

1 to 26 days. There was ten times as much of the drug
in fat tissue as in other tissue. The drug also ac-
-cunmulated’in brain tissue. The metabolite, 8,11-

dihydroxy THC, has a much higher affinity for liver
tissue than lung tissue. After a single injection, the
drug persisted in fat tissue for 2 weeks.

Toxlcity Testing in vitro. I. The Effects of Delta-9-
tetrahydrocannabinol and Aflatoxin. B, on the Growth

of g?ltured Human Fibroblasts (Cooper and Goldstein,
1976).

THC was added to strdins of cultured human fibro-
blasts to test the toxicity of the drug. The lowest
dose of THC producing a toxic response in the culture
system 1s a much higher level than the level of THC at
which humans experience the psychoactive effect.. THC
accumulates in fat and brain tissue; the toxicity of the
drug at high levels is a potential danger.
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Inhibition of Cellular Mediated Immunity in Marihuana
Smokers (Nahas, et al. 1974). '

Nahas tested the lymphocyte response in 51 young
chronic marihuana smokers. Their lymphocyte response
to foreighn.elements was significantly decreased and
comparable to that of patients in whom impairment of
T (thymus-derived) cell immunity is known to occur.
The marihuana smokers had a higher rate of chromosome
breakage.

. " Inhibition of a Lymphocyte Membrane Enzyme by Delta-9-

tetrahydrocannabinol in vitro (Greenberg, et al. 1976).

In vitro tests were conducted with lysolecithin
acyl transferase, which is a membrane-bound lymphocyte
structure, and its level in T (thymus-dependent)’
lymphocytes is quickly increased by mitogens. The
presence of mitogens causes an increase in phospholipid
fatty acid turnover. This increase is the result of
acyl transferase activity. THC inhibits this enzyme
activity. THC causes changes in the 1ipid phase of the’
lymphocyte membrane. These changes inhibit the mem-
brane-bound enzyme.

Mitogen—?nduoed Blastogenic Responses of Lymphocytes
from Marihuana Smokers (White, Brin, and Janicki,

1975). ’

In vitro blastogenic responses to foreign elements
were tested in microcultures of peripheral blood lymph-
ocytes from chronic marihuana smokers. The functional
response of the blood lymphocytes was not altered by
long-term smoking of marihuana. There was no deleter-

‘ious effect on the T (thymus-dependent) and B (thymus-

independent) lymphocytes.

Normal Skin Test Responses in Chronic Marihuana Uéers
(Sllversteln and Lessin, 1974). : ‘

Immunocompetence was tested in 22 chronic mari-
huana smokers. In vivo skin testing revealed that
marihuana smoking has no adverse effect on cell-mediated
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immunity. Skin testing closely correlates to clinical
prognosis in cancer patients. Skin testing is a re-
liable (96% successful) method of testing for immuno-
competence.

Intact Humoral and Cell-Mediated Immunity in Chronic
Marijuana Smoking (Rachelefsky, et al. 1971).

Twelve chronic marihuana smokers smoked .marihuana
daily for 64 consecutive days. The lymphocyte response
to foreign agents was normal for B (thymus-independent)
and T (thymus-dependent) cells. Chronic marihuana
smoking has no adverse effect on cell-mediated immunity.

Impairment of Rosette-Forming T Lymphocytes in Chronic
Marihuana Smokers (Grieco and Cushman, 1974).

Lymphocytes were obtained from 23 chronic mari-
huana smokers. T cells (thymus-dependent) were
functionally tested on their ability to form rosettes
(bind to sheep red blood cells). This is a test. to
determine the functional response of T lymphocytes
which are responsible for cell-mediated immunity. The
T lymphocytes from the chronic marihuana smokers had
impaired rosette-forming ability. This test indicates
that chronic marihuana smoking suppresses the T

lymphocyte subpopulation,

'PhytohémagglutinineInduced Lymphocyte Transformation

in Humans Recelving Delta-9-Tetrahydro.cannabinol (Lau,
et al, 1976). '

Eight chronic marihuana smokers (ages 21-30) vol-
unteered to ingest pre-measured amounts of THC. Blood
samples were periodically drawn for lymphocyte response
to the foreign substance-phytohemagglutinin.

Subacute Effécts of Heavy Marihuana Smoking on Pul-
monary Function in Healthy Men (Tashkin, et al. 1976).

Pulmonary tests were conducted on 28 experienced
marihuana smokers. The subjects smoked daily for 47 to
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59 days. After this period, several breathing tests
revealed a significant decrease in pulmonary function.
Prolonged heavy smoking of marihuana has an adverse
effect on pulmonary function in human subjects.

Effects of Marijuana and Tobacco Smoke on DNA and
Chromosomal Complement in Human Lung Explants
(Leuchtenberger, Leuchtenberger, and Ritter, 1973).

Lung explants were exposed to the smoke of mari-
huana cigarettes. The tested explants had cells with
deviating DNA content and chromosomal numbers. These
results were observed shortly after exposure, and the
changes persisted for a long time.

Effects of Marijuana and Tobacco Smoke on Human Lung

Physiology (Leuchtenberger, Leuchtenberger and
Schneider, 1973).

} Human lung explants were exposed to the smoke from
marihuana cigarettes. The cells of the exposed lung
explants had a decrease of mitosis and DNA synthesis.
Cell death occurred in many of the exposed cells.

Marihuana'Smoking:: Cardiovascular Effects in Man and
Possible Mechanisms (Beaconsfield, Ginsburg, and
Rainsbury, 1972).

Eighteen doctors, who had never smoked marihuana,
volunteered for the study. Tachycardia and increased
limb blood flow occurred shortly after inhalation of
marihuana. Marihuara-smoking impairs vascular reflex
responses.

Cardiovascular Effects of'Prolonged Delta-9-tetra-
hydrocannabinol Ingestion (Benowltz and Jones, 1975).

Twelve male subjects volunteered to undergo cardio-
vascular tests following prolonged THC ingestion. The
subjects had a decrease in heart rate and blood pres-
sure; these effects were reversible. Circulatory re-
sponses to standing and exercise were impaired. All of
the men gained weight because of fluid retention.
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Cannabinoids Inhibit Testosterone Secretion by Mouse
Testes in vitro (Dalterio and Burstein, 1977).

Decapsulated mouse testes weXe exposed to THC and
cannabinol. The presence of THC inhibited the accumu-
lation of testosterone in the culture medium. Canna-
binol inhibited the production of testosterone. THC
did reduce testosterone biosynthesis in the in vitro
tests. Subcutaneous injections of cannabinol in mice
reduced the plasma level of testosterone.

Delta-9-Tetrahyhydrocannabinol: Effects on Mammalian
Nonmyelinated Nerve Fibers (Byck and Ritchie, 1973).

. In vitro tests were conducted on a rabbit!s vagus
nerve tissue which was exposed to THC. The compound
action potential of the nonmyelinated fibers was re-
duced. There was a very small slowing in conduction

" velocity. There was no adverse effect on the sodium
- pump.
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‘ MARIHUANA SMOKING

| ‘. : Cardiovascular Effects in Man and Possible Mechanisms
i

Perer BEaconsyienn, M.D., Puld., Jran Ginssurc, MiA., D.M., AND REBECCA RAINsBURY, M.D.

. -Bbstract Marihuana smoking by subjects without
. previous experience causes an increase in limb
" Meod flow concomitantly with a rise in pulse rate.
' These responses are still evoked after administra-
ton ol atropine bul not after pretreatment with
propranolol, a beta-adrenergic blocker. The tachy-
tardias of atropine and of epinephrine are potentiat-

'I"“i'l onlvy invariable  objective  measurable
: chimge hitherto recorded alter maribuana smaok-

fag in man is tachyeardiag there are few data con-
verning other cardiovascular responses to cunnabis
ad, in particular, no information about its influence
s peripheral hlood flow. This lack of information is

i dhihe more surprising in that the tachyveardia bas

been variously ascribed to release of epineplwine
end altered autonamic activity,! to cenlral excitation?
sad depression,® and lo an atropine-like eflect? —
dllthis in the absence ol luboratory studies cither in
animals or in man, )

An opporlunity fortuilonsly presented itself during
s recent visit to Asia to stody some eflects of mari-
~  bnana smoking on fundamental “physiologic and
bischemical responses in man, Our interest was in
canlinvascular responses to marihuana smoking in
=% man, with particular velerence to changes in limb
bleod How, and the possible role ol adrenergic
mechunisms and of efferent vagal activity in deter-
= abing the ohserved eflccts.

L MATERIAL AND METHODS

The subjects were healthy 'volunteer doctors, nine
wen and one woman, hetwgen 30 and 10 years of
mie, who were miembers of the stafl of the Universi-
tv hospital where the study was undertaken. None
bad over belore smoked cannabis in oany form,
thongl all had previousle smobed tobacco and dis-
continned the habit at Teast a vear before onr study,
They bad been assessed psyehiatrically and were
osidered n]:jm"li\'(' witnesses with no apparent
emotional overlay. :

Cigarettes were prepared in the laboratory Trom

me hateh of cinmabis leal, grown loeallv, Each cig-

brom the Roval Free Hospital Medical School, Liverpool Road
tanch, London N | Foglnd, where reprint requests should be ad-
Feaed 1o Dr, Beaconstield.

Supported by the Rayne Foundation,

ed by marihuana. These findings suggest that the
increase in pulse rate and peripheral bloed flow:
induced by cannabis invoives beta-adrenergic vascu-
lar rmechanisms, and counsel caution in the ad-
ministration of wvasoactive drugs and anesthetics
for those who may have been smoking mari-
huana.

arette weighed 1 g and coutained approximately 10
myg of tetrahvdrocannabinols Subjects smoked one
cigarette, through a holder, over approsimately 10
minutes. A double-blind study was planned bt
abandoned, for our subjects vould distinguish dnm-
my “simndated” murihuana cigarettes from the natu-
val product alter the first few pulfs, Tustead, the
effects of tobacco smoking were similarly assessed
in three subjects one week alter investigation of
their response to marihuana, '

Limb blood flow was measured by vevous-oceln-
sion plethvsmography.® Blood pressure was deter-
mined by auseuhiation, and pulse rate from the.con-
tinnous plethvsmographic rvecord. Respiratory rate
and depth were recorded  through a stethograph,
and cardiae activity on an electrocardiograin, Skin
and rectosigmoid temperalures were measured by
standard  thermocouples  (Light  Laboratories), the
skin thermocouple beiug applied to the nail bed of
the great toe and the rectosigmoeid probe passed al-
ter suitable preparation of the subject. Each figure
in Tables 1-4 represents the mean of observations
made over a three-minute period.

The investigation comprised three separate series
of experiments:

First Series

Cardiovascular  effeets of cannabis and  its in-
Hucence on the integrity of periphera] vascular
reflexs responses were stadicd i six subjects, For

“the latter purpose, mental and noxions stimnli that

normally  canse o rapid Wl in hand flow  were
used *® These were mental arithmete problems not
exceeding three figuves and ice placed for five sec-
onds on one hand while blood flow was recorded in
the contralateral hand.

Second Series

Similar studies of the effects of tobaceo (two
FFrench Gauloise cigarettes smoked over 10 minutes)




Table 1. Effect of Marihuana Smoking on Pulse Rate and
Cutaneous Temperature.®

Table 3. Effects of Atropine and Propranblof on Circulator
Responses to Marihuana Smoking.*

Sun- PuLse Ratc BLoow Pressune Toe Tem-
iviey (res Ming (Mn Hi) peraTURE (°C)
No,
ct |1 2 3 c 1 2 c 1 2
i 60 82 88 96 118/74 125/85 120/75 245 256 260
2 72 90 92 88 120/80 120/80 125/80 28.5 30.0 29.5
3 74 88 100 92120770 135/80 130/78 247 22,0 215
4 58 84 B4 80 TI/T70 125780 120780 275 280 280
5 68 Y0 92 88 1M/75 130784 13s/80 190 30 302
6 o 98 94 Y0 118/72 146/76 125775 235 283 258
Mean 66 391 92} 89t 26.3 277} 2784

°Each figure represents mean of measurcinents over 3 consecutive min.

1C represents control, | immuediately after, 2 30 min after, & 3 60 min
after smoking completed.

{Siganificantly > control mean (p < 0.001),

were made in three subjects from the fivst series
one week after they had smoked marihimna,

Third Series

Possible wmechanisms responsible for the tachyear-
din and . increased limb dlow were studied o four
other volunteers, each of whom acted as his own
control. Responses o aumabis alone were nea-
sured, and one week hiter narihoana was smoked
after either oval propranolol for 48 hours (10 myg
every six hours), to block beta-advenergic vasenlar
activity, atropine (0.6 my subeutancously), to induce
elferent vagal blocking effect, or infusion of norepi-
nephwine and of epineplrine (10 gg per minute in-
travenously Tor 10 minutes).

Subjects were- tested at rest after
fast, in standard laboratory conditions, After control
observations made over 30 minutes, smoking was
begun, and measurements made  during smoking,
nnmedmtel\' after termination of smoking, and mtex~
mittently, for one honr subsequently,

an overnight

RESULTS
Circulatory Effects of Marihuana Smoking

Pulse. A vise in heart rate was generally apparent
Lelore the clgarette was finished, The mean pulse
rute immediately alter simoking was 89 as compared
to 66 per minute in the control perviod (Table 1)
Theveafter, pulse rate remained clevated, inereasing

further in four subjects, averaging 92 at 30 winutes

Table 2, Effect of Marihuana Smoking on Limb Blood F!ow .

Sunsect FokEARM Broon CaLy Brooo Hanp Broop
No. FLow FLow FLow
(34 1 2 3 < [ 2 C 1 2
ml /100 md of tissue fnvin

f 63 9.6 10,0 100 2.1 43 43 29 49 338
2 4.7 100 94 68 35 59 3.5 1.9 24 238
3 44 6.5 53 60 1.2 39 27 52 56 350
4 48 90 835 7.6 3.6 60 4.3 39 63 38
5 64 68 7.0 49 e — — .4 18 L6
6 59 7.5 60 53 — —_ —_ —_ — —
Mean 54 8.2 771 64 2.6 50f 36 31 46 40

*Each figure represents mean ol 6 consceutive determinations aver 3 min,

1C represents conteol, | immediately alter, 2 30 min after, & 3 60 min
sler smoking compleled,

{Significantly > control mean (p < 0.02),

-11-

Puuop buunrr Puise BLoos Foreaus

o STupY No. Rate PubssURE  BLoow Frus

per min mm Ha w100 nil of

tissie fmin
Control 7 68 115/70 6.0
8 72 125770 5.5
9 L.} 120775 1Y
10 82 120/80 4.6
Alter smokingf 7 42 140/75 9.1
8 90 120/80 - .2
Y 102 125/85 6.5

10 98 135/85 88."
Control 9 84 125/85 49
10 80 130/80 8.4
Afer atropinet 9 , 104 135/90 5.2
10 100 130/85 8.8
Smioking aiter 9 136 1407100 1.0

atropine
10 128 145/100 12.0
After proprimolol§ y 12 125/80 29
10 68 120/75 34
Smoking after 8 76 120/80 3.1
propranolol

10 72 118/75 2.7

*Figures represent enleulared mean wvalues of messurements made o
3 consecutive min (vajues for foreanm flow derived from & readings of bl
flow taken at Yr-min intervals),

Henmedintely afier smoking murihuana,

1A b alter injection of atropine,

$10 myg /6 hir /2 days.

and 89 at one hour; these values are all significanth
different From the unutml men.

Electrocardiogram. For techuical veasons, standurd
b and aVR leads ouly were taken. In five of s
subjects the main change obsesved during and o
about 30 minutes after smoking was fucreased widt
and decreased amplitude of the P wave in Lead §
and inversion ol the T wave in Lead 3.

Blood presswre and respirvations. Systolic pressure
increased  slightly in some  subjects, but overad
there was no significant change (Table 1), Similardy
there was no overall change in respiratory rate o
excursion in response to marihuana smoking,

Temperature.  Cutaneous  toe  temperature in
ereased ngmfu-tull\' from o mean of 26.3°C initially
to 27.7°C alter marilinana smoking and remaine
clevated for at least 30 minutes {Table 1) N
chauge was recorded in the temperature of the rec
tosigmoid region,

Peripheral blood flow. Blood flow increased con
comituntly with the vise in pulse rate. There was
significant jucrease in both forearm and calf flow
after the cigavette was finished — 5.4 and 2.6 to 8
and 5.0 ml per JOO ml of tissne respectively — bu
a slight rise only in hand flow (Table 2, from 31
4.0 mi; 30 minutes later, forearm and calf How wer
still elevated, averaging 7.7 and 3.6 ml respectively
whercas mean hand flow had fallen to around con
trol levels. Mental arithimetic and ice cansed ne
sipnificant chauge in hand  flow  after smoking,
whercas belore cannabis these stimuli induced the
expected reduction in flow (Fig. 1),

Circulatory Effects of Tobacco Smoking

Pulse rate increased on the average 15 beats per
minute during smoking but fell to control values
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Table 4. Effects of Marihuana Smoking on Responses to Intra-
venous Norepinephrine and Epinephrine (10 ug per Minute}.*

Perion Sumect Putse Biroon Fortaum
OF STUDY No. RaTte PRUSSURR Broon Frow
per min mm ilg mlf100 ml of
tissue fmin
Control 7 78 110/60 6.6
8 74 120775 6.0
s 10 82 120/80 3.5
During nor- 7 68 130/80 33
cpinephrinet
8 64 £35/90 5.0
10 68 135/90 3.0
Control 7 - 70 120/70 6.0
8 72 20775 5.0
10 80 125780 | 3.8
After smokingt 7 90 140/75 8.5
8 100 130/80 1.0
10 96 130/80 6.1
During nor- 7 72 130/90 5.4
epinephrinet
8 74 135/90 52
10 78 140/90 4.5
Control 7 72 120/80 2.9
8 74 115/85 5.4
Y 82 120/80 4.0
During epinephrinet 7 82 140/70 4.5
8 84 130/70 7.2
10 98 130/65 6.5
Control 7 72 120/85 3.9
8 66 135/90 5.7
i0 84 120/75 3.6
After smokingl 7 88 140/85 5.1
. 8 82 130/80 8.2
10 98 120/75 6.8
During epincphrinet 7 {00 t15/60 10.2
8 98 115/50 1.8
10 16 160/50 9.0

*Figures represent caleulated mean values of measurements made over
¥ consccutive min {values lor forcirm flow derived fram 6 readings of blood
flaw taken at Ye-min intervals).

{During last 3 min of 10-min intravenous infusion,

{immediately nfter simoking mariluana,

within 30 minutes, Systolie and diastolic pressure
rase 10 and 5 num of merenry respectively for up to
30 minutes.

Forearm and call flow fell in two subjects and
increased in one alter smoking: control Tevels were
regiined within 30 mimutes. The wean clunge in
flow, from 4.8 to 5.1 ml per 100 wl of tissue per
minute, was not significant.

and flow fell with smoking in all three subjects
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figure 1. Effect of Menlal Arithmetic (A} and Ice Placed
on Contralateral Limb (B) on Hand Blood Flow, before
and atter Smoking Marihuana. )
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from a meai of 4.4 ml to LY ml, but averaged 4.0
ml within 30 minntes,

Citancons temperature fell with smoking  from
35.9 to 23°C and remained at (hat level for the dura-
Lion of the experiment. There was no change in
temperature of the rectosigmoid region.

Effects of Pharmacologic Agents (Tables 3 and 4)

Responses to marilimana alone were as described
in the fivst series.

Propranolol prevented both the tachyveardia and
the inerease in forearm flow previously evoked by
annabis,

Alropine increased pulse rate but not forearm
flow or blood pressure. When cannabis was then
smoked, blood pressure increased and eardiac rute
rose further, to aronnd 100 beats per minute for

Cmaore than three hours, whereas in non-atropinized

subjects, tachyewrdia was sustained only up to 40
minutes. In two further volunteers atropine, admin-
istered 30 minuates after canuabis  smoking, pro-
duced an additional elevation in pulse rate and also
in Dblood pressure; both  renmived  significantly
raised for three hours,

Epinephrine and norepinephrine initially evoked
their characteristic pattern of circulatory response.t
Alter marihuana, when the pulse rate and forearm
flow had increased, epinephrine induced further
cardiace acceleration, to aronnd 100 beats per min-
ute, and a marked rise in forcarm flow to a level
greater than in the control infusion, Epincphrine
also cansed a greater full in diastolie pressure after
cannathis than hefore, and whereas systolic pressure
was initially increased by epivephrine, it fell during
the infusion giveu after maribuana smoking, Norepi-
nephrine induced similar responses after smoking as
before — a fall in cardiae rate and peripheral flow
and a rise in systolic and diastolic pressures.

DISCUSSION

An increase in limb flow accompanying the tachy-
avdin invariably evoked by smoking of warihuana
is thus appareat. This peripheral  vasodilatation
seems to he more marked in arterioles of skeletal
muscle than in those of skin, for the rise in forearm
and calf flow was greater and more sustained than
in the hand. The possibility that circulatory adjust-
ments oceur in other vasenlar beds is suggested by
the fuet that the increase in peripheral flow was
omaceompanied by g fall in systemic pressure and
silso by some of the changes recorded in the electro-
enediogram. That we observed no change in recto-
sigmaid temperature does not esehide altered flow
in other vaseonlar beds after maribwma, A marked
reduction in demperatore, as. g dose-dependent
elfect, was recorded in rats aflter cannabis,”? and «
fall in temperature was also observed after exces-
sive doses i man®

Peripheral cireulitory responses o tobaceo, as
reported by Abramson' and confirmed in the pres-
ent study, contrast with those to warihuana. The
effect of tobacco diffiers Trom that of purthuana in
other respects, for tobaceo stimulates epinephrine
refease and increases blood  lactate, nonesterified
fattv acids and glhicose, ¥ whereas iv studies still in
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progress, we lound no change in concentration of
these metabolites after mariluana.

Althangh  systemic  administration  of  synthetic
tetrahivdrocannubinol would have becu a simpler es-
periment, this study was designed to obtain perti-
nent duta concerning physiologic effect of canmabis
in the context ol its customary social use.

Our demonstration  that maribhuana swmoking im-
pairs vascular reflex responses is therelore of partic-
ular interest. We did wot apply powerful “stress”
stimuli; the arithmetical problems were simple, and
the ice cansed only slight discomfort. Stronger stim-
nli would undoubtedly cause vasocoustriction in the
hand after marihuang, but the fact that hand flow
was unaffected by standurd stimuli, thongh mental
performance was apparently dnimpaived, suggests
that nuwibuana smoeking obtunds the body’s vasomo-
tor reflex mechanisms. Even in paraplegic patients
with a high-cord lesion, ice on the contralateral limb
produced a fall in hand flow ¥ Thus, in an emergency,
the subject’s reflex yascular responses might not be
as rapid or as widespread as when he is not under
the influence of the drg,

From our use of pharmacologic agents to modify
vascular responses evoked by eannabis, it appewrs
that both the tachyeardia and the increased muscle
How wre wediated by  beta-adrenergic  vaseular
mechanisms, for theve was no change in cavdiac rate
or forearm flow alter marilwana in the subjects pre-
treated with a beta-adrenergic blocker. Epinephrine
velease during cannabis smoking is unlikely to he
the exciting stimulus, since, in the presence of a
beta-adrenergic blocker, constrictor effects of epi-
nephrine would be unopposed; forearm How would
therelore lall, and blood pressure rise. That we
found blood lactute, nonesterified fatty acids and
glucose, which arve normally imervased by epineph-
rine, to be unchauged after maribuava supports this
conclusion,

The tachyeardia is unlikely to result from an atro-
pine-like effect on efferent vagal activity, since it
was still evoked in subjects who were clinically
atropinized. Ou the contvary, vagal activity nay
normally limit the degree and duration ol cannabis-
induced tachyeardia, as indieated by the greater and
move sustaived increase in pulse wate aud blood
pressure observed after sinoking in subjects given
atropine — irrespective of whether that alkaloid was
administered before or alter marithuana.

Our findings have several clinical implications.
The age group maost [requently involved in yoad
traffic accidents is also the one that most commonly
smokes marihuana, A persistently high cardiae rate
in a patient in an accident, not adequately ex-

plained by the clinical sitnation, might be related t
cunnabiis smoked before the accident, With bind
sight; thix hypothesis may explain circulatory distur
bance, in a number of accident cases that, at th
time, we could not explain, On subsequeunt ques
tioning, some of tese patients admitted to smokin
naribiina shortly belore the accident. Premedic
Hon with atropine or Tocal anestleetic jufiltration
containing epinephrine in sueh patients could en
hance and prolong this tuchyveardin Tor a dangerous
Iy loang period.

The possibility of altered responses o vasoactiv
compounds, particularly those influencing adrener
gie and auntonomie activity, should thus be borne i
mind, and counsels caution in administering suc!
drugs and anesthetic agents to those who migh
recently have smoked mariboana,
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Cardiovascular effects of prolonged

delta-9-tetrahydrocannabinol ingestion*

in comrast 1o the tachveardia and unchanged or increased blood pressure seen

after single doses, prolonged defta-9-tetralivdrocannobivol (THCY ingestion

produced significant heart rate slowing and blood pressure lowering in hospitalized

valumteers, Impaired circidatory responses to standing. exercise, Valsolva

smaneuver, and cold pressor testing suggest « stare of symipathetic insufficiency.

Muarked weight gain was observed in ofl subjects, which has beent shown 1¢ be

related to flnid retention and plasma volume expansion. Tolerance developed 1o

orthostatic hypotension, possibly related to plasma volume expansian, but did not

develop ta the supine hvpotensive effects. Nearly complete tolerance developed

to the tachyeardia and psychological effects produced by smoked marijuana while
ingesting THC. Electrocardiographic changes were minimal despite the large
ctmudative dase of THC. The hypothesis that THC has a biphasic effect on the

sympathetic nervous sysiem in inan, producing excitation with single doses and

inhibition with prolonged administrarion, is discussed.

Neal L. Benowitz, M.D., and Reese T, Jones, M.D. San Franciso. Cadlif.
The Langley Porter Newropsychiatric Institute and the Medical Service, Division
of Clinical Pharmacology, San Francisco General Hospital, University of

California

In addition to its psychological effects, mari-
juana and its primary active ingredient, delta-
9-tetrahydrocannabino} (THC), have significant
cardiovascular effects in man. The usual cardio-
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vascular response to single doses of smoked,
ingested, or intravenous cannabis is increased
heart rate with increased or unchanged supine
blood pressure.’? 2% 28 Occasionally, after
large single doscs, orthostatic hypotension has
been noted in man.'® 1% 22 [n light of this obser-
vation and the ohservations that THC lowers
blood pressure in experimental animals.? some
investigators have suggested that marijuana.or
its derivatives might be useful as antihyper-
tensive agents, There are, however, very few
studics that have examined the effect of pro-
longed cannabis administration on the circula-
tory system of man. Bernstein and associates®
have recently reported that hospitalized volun-
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Table 1. Cardiovascular measurements before, duving, and after prolonged oral THC adminisire

Stages
Farly Mid- Late
Measurenients Pre-drug Aceel. maximal muximal HINT e
Supine
Systoliv blood pressure (mm Hg) 115.8 11K.6 1t 08, 2% 107.9:
Diastolic blood pressure (mm Hg) 628 o). % 58.9 34.5% 53.3
Heartrate (hpm) 68.4 70.0 64.3 60.9% 62.3
Stamding—1 min .
3 Systolic blood pressure (mm Hg) ~9.6 ~ 1LY —15.5% —-15.2% =11.2
A Dinstolic blood pressure (mm Hg) SR +1.5 ~2.7 - 1.2 +1.5
'3 Heart rate (bpy +14.6 +1K.5 F21.8 +21.6 +18.1
Exercise—I min '
A Systolic blood pressure (imm Hg) +13.8 + 1.7 +6.21 +9.6 +8.5
A Diastolic blood pressure {inm Hy) =0.0 -12.2 -10.9 -4.§ -10,2
A Heart rate (bpny +35.4 +12.2% 1.7 +14.7% +11.6
Cold pressor _
A Systolic blood pressure (mm Hy) F13.1 +§0.2 +49.6 +7.1 +110.1
A Diastolic blood pressure (mm Hg) LRI} +12.9 +11.8 +14.6 +13.9
A Heart rate (bpim) +13.3 +12.1 +1 +12.58 +14.3
Yalsalva—33lavimwn pulse slewing (bpm) ~16.8 -19.3 ~ 138 -10.2 —1.6
Falsalva—time 1o hradveardia (sec) 4.02 4.78 5.85% 3.82% 5.6
Baody weight (kg) 67.4 68.9% 69.8% 70.7% 71.0:

Three-way Fepeated measures analysis of varianee, JC = 3, 40,
Tp oo 008

1P < 0.01 } patired comparisons v pre-drug measure, Dunsett post test.

teer subjects who smoked 3 o 6 marijuana
cigarcttes per day for 21 days were found to
have slightly lower systolic and diastolic blood
pressures during marijuana smoking.

We have becen investigating some of the
effects of prolonged high-dose THC adminis-
tration in man.' Becuuse subjects are 'studied
in a controlled hospital environment, we were
able o systematically  examine  circulutory
changes that accompany tong-teem THC inges-
tion. Specifically, this report atiempts to answer
the following questions: (1} “*What are the
cardiovascular effects and possible mechanisms
involved?” (2) "Does tolerance develop to
these effects?”” and (3) ""What happens during
drug abstinence?”

Methods

The subjects were 12 male volunteers be-
tween 20 and 27 (mean = SD: 25,1 = 2.0
years of age. Their levels of cannabis use prior
to entering the study ranged from 2 to 21 mari-
Jjuana cigarettes (mean of 9) weekly, The num-

~ber of years since their first use of cannabis

-15-

regularly was a mean of 4 (2 to 6) yr. No one
with evidence of major psychiatric, cardio-
pulmonary, or liver discase or a history of fre-
guent heroin, barbiturate, or amphetamine use
was included. Al subjects were in good health
as judged by complele physical and neurologic
examination, screening blood and urine tests,

chest x-ray. clectrocardiographic, and clectro-
encephalographic examinations. Subjects were
asked not to use any drugs for one week prior
to the study. They were then admitied to the
Clinical Research Ward of Langley Porter
Neuropsychiatric Instituie for 30 days and ad-
vised that they could withdraw from the study
at any time. They were paid $25.00 per day
during the hospitalization,

The longitudinal study was conducted so
that cach subject was treated and cvaluated
during 6 consccutive phases: (1) placebo, the
first 5 to 7 days; (2) accelerating (increasing)
doses of THC, 2 1o 4 days; (3) carly ﬁxEd maxi-
mal dose of 210 mg per 24 hr for 5 days; (4)
middie maximal {210 mg) dose, next 5 days;
(5) late maximal (210 mg) dose, last 4 10 §



[ ]

inman (12 subjects) mum daily dosc for all subjects was 210 mg.

Post-drug FE p
116.5 14.60 <(1.01
61.2 11.83 <{).0}
4.4 ; 6.88 <(3.001
-6.5 112 <0,01
+7.0% 6.78 <0.01
+13.8 1.90 NS
+11.1 310 «<().05
-3.7 2.32 =(),08
+4.2 5.20 <001
+11.8 219 NS
+16.1 : .79 NS
+14.7 1.86 NS
~14.5 268 <{).05
4.56 ) 6.70 0,01
68.9 20,24 <0.01

days, and (6) placebo, 4 to 6 days immediately

following the fast maximal dose period. The
phases were of variable duration so that neither
subjects nor investigators knew exactly when
the THC was started and stopped. Subjects
received THC for a total of 18 to 20 days. In
this experimental design. pre-THC vbservations
serve as a control for cach subjeet, For those
parameters that initially change during the
period of THC administration but return to pre-
THC values thereafter, the presence of a drug
cffeet may be clearly ascertained. For those
parameters that do not. the elfects of hospitali-
zation itself may not be clearly distinguishable
{from prolonged drug cffects,

The THC was administered orally in gelatin
capstles every 4 hr. Each capsule contained
zero o 30 mg of purificd THC in sesame oil.
obtained from the National Institute on Drug
Abuse. The exact dose varied according o 2
predetermined  schedule  under  double-blind
conditions. Single capsules were administered
every 4 hr cxeept for 12 midnight, when a
double dose was administered. The total maxi-

-16-!-

At the maximum dose. the dose per kilogram
varied from 2.6 t0 3.9 mg/kg (mean 3.2 = 0.4)
cvery 24 hr. Marijuana cigarcties containing
20 mg THC, also obtained from the National
Institute on Drug Abuse, were administered
periodically in order to evaluale cross-tolerance
between oral and smoked marijuana.

Blood samples for various laboratory tests
were always obtained v the morning with the
subjects still at bed rest. These included weekly
complete blood counts, SMA-12 profiles, and
on 6 subjects, thrice weekly hemoglobin and
hematocrits. Body weight was measured cach
morning before breakfast on w balance scale
with subjects dressed only in underwear. About
2 hr after the 8:00 a.m. dose, a cardiovascular
examination was performed that consisted of
the tests discussed in the following paragraphs.

Supine blood pressure and heart rate after
10 min of rest. Blood pressure was measured
by auscultation with a mercury manometer.
Disappearance of the Korotkoff sound was
taken as the estimate of diastolic pressure.
Heart rate was determined {rom a 60-sec count
of the radial pulse. .

Standing blood pressure and heart rate.
Biood pressure and heart rate were determined
at 1-min intervals while the subject stood qui-
ctly for 3 min. In this case, as well as after exer-
cise, the radial pulse was counted for 15 sec at
cach minute. Blood pressure and heart rate data
after standing and exercise are reported both as
absolute scores and as change from supine
5COrCS.

Blood pressure and heart rate afier exer-
cise. Subjects excrciscd by stepping up and
down on a [2-inch platform 36 times in | min
in time with a metronome, followed by quict
standing for 3 min. Blood pressure and heart
rate were recorded immediately after exercise

“and for each minute for 3 min thereafter.

Blood pressure and heart rate during
Valsalta maneuver. Twice a week. subjects
in the sitting position were asked to exhale into
a mouthpicee connected 10 a mercury manom-
cter o maintain a pressure of 40 mm Hg for 20
sec. Heart rate was continuously monitored by
clectrocardiogram, and rates were measured al
various phases according to the bedside method
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described by Elisberg.® Heart rate is reported
as change from pre-Valsalva heart rate.

Cold pressor test. Twice a week, subjects
in the supine position were asked to place one
hand to the wrist in ice water for 30 see. Bload
pressure was obtained before and at the end of
the immersion period, and heart rjatc was re-

-17-

corded continuously by electrocardiogram
‘Data are reported as change before and aftes
cold immersion.

Electrocardiogram, Full  12-dead  electro
cardiograms were performed with subjects a
rest twice a week. .

Heart rate response to smoked marijuana.

t
. . -



Heart rate was measured before and after smok-
ing a marijuana cigarctte at the end of the pre-
THC period. at the end of the period of maxi-
mal THC ingestion, and in the post-THC period.
Resting heart rate, taken after 20 min ol quict

* silting, determined pre-smoking heart rate. The

post-smoking rate was measured at the end of
a 10 min smoking period.

Plasma volume. Threc additional male sub-
jects, whose complete cardiovascular data are
not included in this report. were administered
THC in a dose schedule similar to that of the
12 subjects composing the basic study group.
Plasma volumes were measured by the Evans
Blue dye method® on two occasions: hefore
THC administration and after 14 days of regu-
lar THC ingestion.

Analysis of data. Because of the slight vari-
ations in dose schedule among subjects, data
were grouped according to the phase of the
study as described previously. Data collected
from cach individual within cach phase was
averaged to oblain a single mean value for that
subject in that phase. The means of phases
were treated then as single observations and
compared for significant difference as a re-
peated measure ina 3-way analysis of variance,
Absolute and change scores were analyzed
separately, For this analysis. subjects were also
divided into groups according to: (1) frequency
of marijuana use {frequent users. 18.2 = 5.3
joints per week vs less frequent users, 4.7 = 2.2
joints per week): and (2) by dose per body
weight of THC administered (high dose, 3.49
£ 0.29 mg/kg vs low dose. 2.82 = 0.9 mg/
kg). Paired comparisons between pre-THC and
other stages were performed using a Dunnett
post test.? :

Results

Cardiovascular changes for selected variables
at different phases of the study are shown in
Table 1

Supine blood pressure and heart rate. The
changes while on drug were compared to base-
line values. There was no significant change in
resting blood pressure or heart rate in the accel-
eration-phase of drug administration, although
one  subject demonstrated  hypertension and
tachycardia (pre-THC: 114/68. pulse 60 to 154/
84. pulse, 86). This was associated with a sen-
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Fig. 3. Change i arterial biood pressure and heart
rate from®supine to quict standing for | min during
phases of THC ingestion. Maximum THC dose is
210 mp/day. Total duration of drug ingestion is
18 10 20 days. Duration of phases of the experiment
is defined in the text. Each point represents a mean
value of 12 subjects. Statistical analysis of these
data is presented in Table 1.

sation of internal hyperactivity and anxicty. As
THC administration was continued at the 210
mg dosc level through phases 3. 4. and 5. a
small but significant fall in systolic blood pres-
sure (7.9 muny Hg. p < 0.01), diastolic blood
pressure (9.5 mm Hg. p < 0.01). and decrcase
in heart rate (7.5 bpm. p < 0.01) developed,
as shown in Fig. 1. When THC was discon-
tinued, systolic and diastolic pressures réturned
to normal values within once day, while heart
rate remained slightly but not significantly
slower than the pre-drug value,

Response to standing, Before THC admin-
istration, systofic and diastolic blood pressures
decreased slighily afier standing but then sta-
bilized coincident with a small increase in heart
rate. During the period of THC ingestion, the
systolic and diastolic pressures fell significantly
more than in pre-drug periods and did not sta-
bilize over 3 min, as shown in Fig. 2. At the
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time of maximal postural hypotension (carly

- maximal phase), blood pressure fell:to frankly

hypotensive levels (I 11/59 supine; to 95/56

standing) |with only‘u modest compensatory

increase in heart rate’ (64 10 86). SLven of the
subjects ¢ (pumnu.d mdlkcd poslurdl dizziness
at this stage. In 2 ums during phase 3, subjects
were unable to stand still in the erect posture for
3 min \\'ilﬂnul syncope. Chitnges in l‘)l(f)nd pres-
sure and hLdr‘ rate after | min standing are
depicted at difterent stages of the study in Fig.
3. Postural hypotension was most mdlkui dur-
ing the Ldlly maximal drug dosage ahd became
less evident dh the drug was continued. Postural
changes at 2 and 3 n'1i|1 after standing are not

shown, blit follow a similar patlern over the

duration of the experjment. !

Respon!\c to exercise. The (.drleVdQ(.llldT
responses ‘1mmcdmtcly after and for 3 min after
exercise are illustratéd in Fig. 4. During the
pre-drug ‘hasc subjects had the expected in-
crease in the systolic, blood pressure and heart
rate with h marked dcuczm in diastolic blood
pressure, all of which returned to bascline levels

within 2 min. During carly phases of THC ad-

—_———

ministration, subjects demonstrated both lower
baseline blood pressures.and blunting of the
usual systolic blaod pressure increase. Peak
heart rate response immediately atter exercise
in the carly maximal THC period-was compar-

“able to the response in the pre-THC period,

despite mean blood pressures that fell to much
lower levels during THC. Two subjects were
unable to perform the exercise in the carly
maximal dose period because of dizziness.
As with other cardiovascular effects, the exer-
cise-related blood pressure response after one
minute standing was most abnormal during
carly drug periods and less prominent with
continued drug. As with supine blood pressures
and response to standing, the cardiovascular
responses to exercise returned to, pre-drug val-
ues within one day after THC was discontinued.

Valsalea maneucer. Heart rate slowing
following the release of Valsalva is a para-
sympathetically mediated response to the blood
pressure overshoot that normally occurs at this
time.® The degree of heart rate slowing was

“significantly impaired while subjects  were

ingesting maximal doses of THC (pre-THC
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Fig. 6, Time-course of body weight and hemoglobin concentration during protonged ingestion of
THC. Daily dose of THC is shown by the black bar graph. Dashed lines represent days when THC
was started and stopped. Each point_represents e mean value for 6 subjects. Note that body
weight increases as THC is started, and abruptly declines after THC is discontinued. Hemoglobin

follows an inverse course.

heart raie decreased 16.8 bpm, mid-maximal
THC decrcase, 10.2 bpm, p < 0.01). In addi-
tion, the time from end of Valsalva to onset of
bradycardia was delayed (4.02 0 5.82 scee,
p < 0.01). There was no significant impair-
ment of the heart rate inerease during sustained
straining .

Cold pressor test. Blood pressure response
to immersion of the hand in ice water (data
shown in Table I} suggests (0.05 < p < 0.1
impairment of systolic pressure response during

w2 (Yo

THC admiinistration. This was most marked
in the mid-maximal THC phase and gradually
returned to baseline with continued drug admin-
istration,

Electrocardiogram. Heart rate slowing was
noted (Table ) in the routine electrocardio-
grams, performed at biweekly intervals during
the THC study. One subject demonstrated two’
junctional premature beats and one premalture
beat. which could have been either junctional
or ventricular in one record while ingesting



THC. Five subjects demonstrated slight changes

in P wave axis during THC ingestion, 3 of -
“which returned to pre-drug axis atter THC was

discontinued. A slight change in ‘T wave axis,
seen as inversion of T waves in Lead HI or be-
coming upright in Lead aV,, was noted in 3 of
the subjects, vne of which also had P wave axis
chunges. Al T wave changes returncd o pre-
THC patterns. There were no  significant
changes in P-R, QRS, or Q-T intervals, other
than those related to rate changes.

Heart rate response to marijuana ciga-
refics. As shown in Fig. 5, all subjects ex-
perienced heart rate increase after smoking a
marijuana cigaretic in the pre-THC period
(Ouean heart rate increase was 44.6 = 13.5).
This increase was significanly reduced after
prolonged THC ingestion (6.6 % 6.9; paired
comparison, t = 8.95, p < 0.00). There was
a similar decrease in subjective elfeets that
accompanied the diminished heart rate effect.
Responsiveness to both heart rate and subjec-
tive effects returned to prc»dmg levels when
patients were re-examined 1wk after THC was
discontinued. I

Body weight and plasma t:oftmze Mean
body weights in various phases of the sludy are
shown in Table 1. Mean weight increase was
3.6 kg (p < 0.01). Daily body weights and
periodic blood hemoglobin concentrations are
shown for 6 of the 12 subjects who were on the
same daily schedule of THC in Fig. 6. Body
weight increased progressively from the begin-
ning of THC administration until about the
tenth day on drug. Immediately after THC was
discontinued, body weights precipitously feli,
approaching pre-THC levels within 3 to 4 duys.
Changes in hemoglobin concentration were
inversely related to changes in body weight,
suggesting that the increased body weight was
associated with increased plasma volume. The
differences between pre-THC and post-THC
hemoglobin  concentrations  probably  reflect
blood losses of approximately 150 cc per week
associated with repeated venipunctures.

Plasma volume increased in all three subjects
where this was measured, from a mean of 43,7
+ 2.0ml/kgto 51.3 = 3.0 ml/kg after (4 days
of THC ingestion. The proportion of change in
plasma volume to change in body weight was
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20.7 = 1.6%, which is comparable to the pro-
portion of plasma volume to extracellular uid
valume,

Drug history and THC dose. No signili-
cant differences in cardiovascular  changes
associated with THC ingestion were noted be-

‘tween subjects with high vs fow marijuana use

history or between subjects with high vs low
THC dose per kg body weight.

Discussion

Cardiovascular effects and possible mech-
anisms. The data presented indicate that there
is significant blood pressure lowering and heart
rate slowing in normal subjects during pro-
longed ingestion of THC. The effects of THC
administration on cardiovascular responses to
standing, exercise, Valsalva, and cold pressor
were examined to gain information about mech-
anisms of THC ¢ffects on cardiovascular re-
flexes and to evaluate functional capacity dur-
ing chronic administration,

Postural adjustments are normally mediated
by the carotid baroreceptor, producing sym-
pathetically mediated arteriolar constriction
and cardiac stimulation.®® QOrthostatic hypoten-
sion in the absence of hypovolemia and associ-
ated with submaximul compensatory heart
rate increase after THC suggests a state of
sympathetic insufficiency, resembling that seen
after treatment of patients with sympalholyuc
drugs like guanethidine.'”

With exercise in normal man, sympathet-
ically mediated cardiac stimulation and skeletal
muscle venoconstriction serve to increase car-
diac output, while total systemic vascular resis-
tance is reduced due to arteriolar dilatation.?®
During THC administration, the usual systolic
blood pressure increase is impaired, while the
usual diastolic pressure fall occurs, thereby
sausing a marked decrease in mean blood pres-
sure. The degree of heart rate increase is insuf-
ficient to return the blood pressure to normal
levels. Sympathetic inhibition involving the
heart and peripheral veins is suggested, al-
though direct THC-mediated venodilatation
could account for part of the response.

Delayed and diminished heart rate slowing
after release of Valsalva are consistent with
sympathetic inhibition, but could also be seen
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%:s a result of impaired venous return secondary
2:0 direct drug-induced venodilatation or im-
paired cardiac output secondary to drug-induced
myocardial depression.® The effect of THC on
he pressor response to immersion of the hand
nto cold water was quite variable among sub-
Jects, but also suggests a diminished responsce,
consistent with sympathetic inhibition.?"
Weight gain was scen in all subjects, and in
3 additional subjects expansion of plasma vol-
ume was documented. The proportion of plasma
volume to total body weight increase suggests
that weight gain was due to extraccllular fluid
expansion. This is most likely a compensatory
response to chronic blood pressure fowering,
as is well docomented for patients receiving
sympathetic-blocking antihypertensive medica-
tions.2* .

Most studies of the cardiovascular effects of
smoked or ingested cannabis in man have de-
scribed tachycardia with unchanged or slightly
lincreased supine blood pressure. 2+ 200 28 The
heart rate and blood pressure increase after
'THC administration, which is associated with
;incrcascd limb blood flow, is blocked by pro-
Ipranolol, suggesting that THC initially pro-
duces beta sympathetic excitation.! Occasion-
jally, postural hypotension has been described
tin man after smoking or ingesting THC,'® 1% 22
tbut has not been systematically studied. Other
-studies in man have demonstrated (1) impaired
|reflex venoconstriction after deep breathing
following oral THC.? (2) diminished cold-
linduccd reduction in hand blood flow after
smoked marijuana,’ and (3) suppressed cardiac
! slowing after Valsalva mancuver after smoked
| THC,*® all of which arc consistent with our
observations during THC ingestion. In anesthe-
tized animals, hypotension and bradycardia
have been obscrved after large intravenous
“doses of THC.? Animal studies suggest that
THC may inhibit central nervous system medi-
ated sympathetic discharge as the mechanism
i for the cardiovascular effects.”

i “The cardiovascular responses to THC in man

appear to be biphasic. The published data with
| single-dose studies suggest sympathetic excita-
“tion. Our data from studies of prolonged oral
doses and other previously published data after
| large single doses suggest sympathetic inhibi-

l
|
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tion, although the possible contributions of
cither dircet vasodilatation or myocardial de-
pression cannot be excluded. To the extent
that data from anesthetized animals can be
applied to man. central nervous system sym-
pathetic inhibition must be considered as a
possible explanation for the effects we have
observed.

The observation of sustamcd supine and
standing blood pressure decreases in man sug-
gests possible applicability of THC as an anti-
hypertensive medication. Although the blood
pressure cffects in these normal volunteers
were small and measured over only 2 to 3 wk
of THC administration. one cannot predict what
the effects on a hypertensive subject might be,
The maximum dose administered in this study
was well tolerated by most subjects and may
not reflect the upper limits of a dose for use in
man. Further studies are indicated to determine
if THC or congeners thercofl may be of use as
a hypertensive medication in man,

The electrocardiographic changes during pro--
longed ingestion of THC were of special inter-
est in light of changes previousty noted after
single doses.!* 1% Y- 2 [n our study, nonspe-
cific P or T wave changes were noted in 7 sub-
jects while taking THC, although in no case did
the overall record appear abnormal. These
findings, which are similar to those reported
after single doses, occurred promptly after ad-
ministration of THC, did not change substan-
tially while continuing THC, and in most cases
reverted to pre-THC patterns promptly when
THC was discontinued. Occasional premature
beats were noted in 2 of the subjects; 1 of the
beats may have been ventricular in origin. In
a report of the effects of prolonged marijuana
smoking, minor repolarization changes and
occasional premature atrial or ventricular con-
tractions were reported in a few of the subjects.?
The findings of our study of prolonged oral
THC and of the study of prolonged smoked
THC mentioned above? suggest that THC has
minor effects on resting electrocardiograms.
However, since the electrocardiograms were
recorded over brief time periods, the question
of whether THC increases the incidence of pre-
mature ventricular contractions cannot be eval-
uated.
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Obsercations of tolerance and abstinence.
The curdiovascular data demonstrate that toler-
ance to the supine hypotensive effects does not
develop in this study period, but does develop
o the orthostatic hypotension and associated
symptoms. One possible mechanism in devel-
opment of such tolerance appears to be the
expansion ol plasma volume. The observation
that body weight stabilized during the last weck
on THC suggests that the specific hypotensive
stimulus to compensatory volume cxpansion
persists without the development of tolerance.
A striking observation is the development of
marked tolerance to the tachycardia produced
by smoked marijuana as a result of prolonged
ingestion of oral THC. Bernstein and associ-
ates® have reported that heavy marijuana smok-
ing in a controlled hospital environment is asso-
ciated with the development of some tolerance
to heart ratc and psychological effects, but
many other investigators have not documented
tolerance in casual or hospitalized smokers. 2! 2
In casual use and in most studics of heavy mari-
juana smoking, subjects smoke marijuana ciga-
rettes only during waking hours, so that the
night provides time for recovery of sensitivity.
Our subjects, in contrast, receive oral THC.
which is absorbed much more slowly than in-
haled THC, every 4 hr both day and night, so
that consistent THC effects are produced. In
this circumstance, tolerance is most likely to

~ develop.

The dose of THC given these subjects is
larger than usually consumed by most American
users, but nat beyond what is smoked or in-
gested in India, Afghanistan, or Jamaica® A
good-quality American marijuana cigarclte
contains 5 to 20 mg THC. Smoked THC is
estimated to be 3 or 4 times as potent as oral
THC." Thus, in comparison, the subjects in
the study by Mendelson and associates,’® who
selected their own dose of about six 18 0 23
mg THC cigarettes per day, were ingesting
equivalent amounts of THC as subjects in this
study. Despite the large dose, our 12 subjects

tolerated the administration of cannabis without

difficulty. During the first week of drug admin-
istration, they appeared sedated, lethargic, and
sluggish with poor concentrating ability, slowed
speech and motor activity, and utaxia. After

-23-

NI P - B —

18 to 20 days of cannabis administration, al-
most complete tolerance to the sedative and
other intoxicating effects had occurred, so that
subjects performed normaldly in a variety of
motor and psychological tests. After discontin-
vation of THC, a mild abstinence syndrome,
characterized predominantly by insommia, an-
orexia, irritability, and sweating, was described
by several patients. Details of the behavioral
and physiological effects during prolonged oral
cannabis ingestion and in abstinence are re-
ported elsewhere, '

Abstinence syndromes after marijuana use

- have been ancedotally reported in man in Indian

users and in Rhesus monkeys after chronic
high-dose cannabis administration,* 7 but have
not been well characterized. We took special
note, therefore, of the cardiovascular changes
in THC on the immediate days after discon-
tinuation of the drug. There was no rebound
hyperactivity, and cardiovascular parameters
returned to pre-drug levels within | day after
THC was discontinued. This suggests that the
cardiovascular effects of THC are dependent
on continual high fevels of THC or some active
metabolite. Tissue accumulation, which has
been suggested by findings of concentration of
THC in adipose tissue’ and by the long meta-
bolic half-life,'® appears not to be playing.an
important role in the. cardiovascular effects.

We wish to thunk Dr. George Ellnun for as-
sistance in blood volume determinations; John Bach-
mun, Charles Lerner, Debbie  Peltzman, Mark
Spitalny, and Pamela Tooth, as well as the staff
of the Clinical Research Ward at Langley Porter
Neuoropsychiatric Institute, for help in patient care
and data processing; and Michele Mclnerney for
assistance in preparation of the manuscript.
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Ag‘sTet'rahj.'drocannabinoﬂ: Effects on Mammatian

Nonmyelinated Nerve Fibers

Abstract, A%-Tetrahydrocannabinol can be applied 1o tissue in vitro by dissolv-
ing it in Pluronic F68 and ethanol, h causex a decrease in size of the compound
action potenticl of the nommyelinated fibers of the vagus nerve of the rabbit. This
effect appears to be dose-related and chioride-dependens, Effects on other micasur-
able parameters of nerve function seemt to be minimal. Although the amvunts
required seem to be higher 1hun those required to prodice hallucinogenic efiects
in wnan, this effect is consistent with vther work on A*-tetrahydrocannabinol and
may ultimately account for a significunt portion of the pharmacological activity

of this drug.

Despite a great interest in the phar-
macological properties of marihuana
coustituents there is almost no informa-
tion zbout the effects of these sub-
stances on clemental nervous tissue.
This lack of information is largely the
result of the difticulty in dissolving the
tetrahydrocannabinols in nontoxic ague-
ous media. We report here first, a
method of dissolviog A'-tetrahydrocan-
nabinol (A?THC) in an innocuous me-
dium, and second, a wcll-defined cffect
of A'THC on nervous conduction.

A Tetrahydrocannabinol is not read-
ily soluble in water, which presents a
major difficulty in studics of this com-
pound on isolated tissues. It can be
carried into solution by Tween 80 (/),
but the high concentrations of the de-
tergent required (up to 2 percent) are
themselves toxic to many preparations.
In the experiments reported here, which
examine the eflect of AYTHC on mam-
malian nonmyelinated nerve fibers, the
difficulty has bueen overcome through
the use of Pluronic F68 (2). This is a
high molecular weight surfactant com-
pound that has general applications in
bringing into solution compounds which
are otherwise insoluble in water; for
example, the present experiments sug-
gested ity use (successfully) in studics
of axon fluorescence with a relatively
waler-insoluble merocyanine dye (3). A
small amount of Pluronic (100 myg)
was dissolved (by gentle heating to less
thar 60°C} in 0.15 or 0.2 mi of ethanol
containing 15 mg of MTHC (4). The
resulting solution could be readily dis-
solved in 100 ml of Locke solution (5)
1o produce a 500 pM solution of
A'THC. This solution, which was ini-
tially clear, became increasingly cloudy
over the next few hours, as if some
colloidal suspension of AYTHC were
being formed. No analytical determina-
tions of the amounts of ATHC in
solution were made. All experiments to
fest solutions of AYTHC were sturted
within half an hour of preparation.

A desheathed cervical vagus nerve
from a rabbit, killed by injection of air
into an car vein, wuas mounted either
for monophasic clectrical recording in
the sucrose pap apparitus {6), or for
diphasivc recording in o« glass capillary
chamber (1 mun in diameter) in which
five annular platinam  clectrodes  for
stimulation  and  recording  were  emi-
buedded (7). The compound action po-
teatial of the noamyelinated fibers was
clicited every minute; the conduction
distance was 10 1o 25 mm, The temper-
ature was about 20°C. Changing the
perfusion fluid from normal Locke so-
lution to one containing Pluronic F68
(100 mg/ 100 mb and ethanol (0.2
mi/ 100 ml} produced little or no
cffect on the size of the compound ac-
tion potential (or on the size of the
spike in the giant fibers of lobster and
sqyuid used in Jaler eaperiments). How-
ever, as Fig. | shows, changing to a
solution that also countained 500 pM
AYFHC produced a fall in the height
of the compound action potential of
15.2 2 1.6 percent (mean * standard
error, 12 experiments) by the end of
30 minuies. About half of thé experi-
ments were done with monophasic
recording, und the other half  with
diphasic recording. No «ipnificant dif-
ference was seen in the two groups, so
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Fig. 1. Effect of 300 ;Af A"THC, applied
to the nerve during the interval between
the arrows, on the size of the monophasic
compound action potentinl of the non-
myclinated fibers of the desheathed rubbit
cervical vagus nerve at 21.1°C.

S ,
tho  results of all experiments wer
treatec. a3 a single population. In fou
experiments  a  similar  exposure 1
100 pM A"THC produced an averag
full of 12.9 = 3.7 perceint, and in fou
experiments an exposure to 30 pM
A'IHC produced an average fall of
8.7 = 2.8 percent. In three experimenis
10 oM AYTHC produced a fall of 7.3 ¢
1.7 percent. In two experiments 3 uM
AYTHC produced just visible responses
of 0 and 2.8 percent, .

The cffect (Fig. 1) continued ©
develop during the time of exposur
to the drug {up to | hour). In seven
cxperiments with 500 pM A°THC the
average size ol the compound action
potential fell by 7.5, 13.3, and 186
pereent of its initial value after expo
sures to the drug of 15, 30, and 43
minutes, respectively. In experimeats i
which the exposure to AYTHC was
further conlinued, the fall after § hour
(four cxperiments) was about twice
and after 4 hours {one experiment)
four times, that obtained after a 30-
minute exposure. When the AYTHC was
removed and the nerve was returned
to Locke solution containing just Plu
ronic F68 and cthanol, the height of
the compound action potential always
stopped declining, It usualfly remained
constant as long as it was subsequently
observed (30 to 60 minutes), although
on the rure occasions when it was fol-
lowed for | to 2 hours (as in Fig. 1),
some  late recovery toward the pre
AYFHC values sometimes did occur. A
similar  delayed  recovery from the
tetrahydrocannabinols, still incomplete
after many hours, had already been
observed in experiments in which the
guinea pig ileum was stimulated trans-
murally (8).

The reduction in size of the com-
pound uction potential secemed to be
accompanied by a slowing in condue
tion velocity. This effect was, however,
small. In five experiments a 30-minute
exposure to 500 uM A"THC caused the
conduction velocity to fall by 2.7 = 0.8
percent. However, since a 30-minute
exposure to normal Locke solution was
itself accompanied by a slight decrease
in conduction velocity the irue effect
of A'THC was smaller, being 1.8 = 09
percent. There was no marked or con-
sistent effect on the electrical threshold,
nor was there any evidence that the
sodium pump was affected, 500 pdf
A¥THC producing no great change in
the time constunt of decay of the post
letanic hyperpolarization recorded with
the nerves in a Locke solution in which
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.75 to 100 percent of the chloride had
“heen replaced by isethionate (9).

. Complete replacement of the chloride
+ of the Locke solution by the presumably
. impermeant anion isethionate led to a

marked' reduction in the effect of

AYTHC, In six experiments a 30-minute

exposure to 500 pM A'THC produced

a decrease of 17.2 = 2.5 percent in the

height of the compound action potential

when applied in normal Loche solution
containing chloride; in similar experi-
ments on paired nerves from the same
rabbits carried out in chloride-free
Locke solution the fall was only 5.8 =
1.7 percent,

‘ These experiments demonstrated that

AYTHC directly aifects nerve fibers, an
action that is particularly interesting in
ihe light of the reported absence of any
sction on ganglia (J0). 1t is importuant
jo establish which of the fundamental
properties of the nerve membrane s
sltered by the AYTHC to produce the
effects seen, All fibers might be alfected,
the sodium conductance, for example,
being turned off earlier, or the potassi-
um conductance being wrned on car-
lier; either of these etfects, by shorten-
ing the duration of the elemental spikes
in cach clemenlal single fiber, would
reduce the size of the compound action
potential. Alternatively, some particular
ATHC-sensitive fibers may be blocked
completely, Unfortunately, experiments
done to examine these possibilities with
internal electrodes——on giant axons of
lobsters, in which the maximum rate
of rise of the spike was measured, and
of squid, in which the sodiun and po-
rassium currents in voltage-clamp ex-
periments were measured—proved neg-
stive. Bul becanse of the preliminary
nature of these experiments we cannot
say whether the apparent lack of effect
of A¥THC on marine invertebrate axons
reflects a true absence of action on these
axons.

Quantitatively similar results to those
just described were also obtained with
a waler-soluble THC analog. ADL
1137 (11}, 1o concentrations of 100 to
500 M this drug produced a fall in
the size of the compound action po-
tentinl of the nonmyelinated f{ibers of
the rabbit vagus nerve of about the
same size as that produced by A*THC.
Furthermore, the water-soluble analog
shared with A*THC the ability to reduce
the size of the compound action poten-
ial of the myelinated fibers of this

. nerve. The myclinated fibers may prove
more switable for a voltage-clamp ex-

amination of the action of ATHC, in
which the effects on the sodium and
potassium currents of the nerve mem-
brane can be examined, and such stud.
ies are now under way.

We have not yet determined the
minimum concentration of A*THC re-
quired to produce the kind of eifect
described here when applicd for 1w
2 hours or more. Threshold effects were
obtained  with  hall-hour exposures o
3 piM AYTHC, which is equivalent to
1 mg/liter. At first sight, this seems a
good deal higher than the psychoac-
tively effective doses in humans, which
are 50 to 250 pp/kg (12). However,
the cxperimental conditions are quite
different, so the twe values are pot
really comparable.

A more relevant comparison might
be based on the amount of NTHC
actually taken up by the brain when
given intravenously in aaimals. Fure
thermaore, the opportunity for biotrans-
formation or metabolisnt of the A THC
is probably more limited in the nerve
in vitro than i viva, I the effects of
A'THC depend o somie extent on the
production of active mictabulic products,
as has bheen suggested (/4. it might
not be appropriste to compare the con-
centrations used in the present experi-
ments with psychoactive doses in man.
It should be nated that the proposed ae-
tive mictibolite 11H-OH-AYTHC showed,
in a single experiment, qualitalively
similar effects on the vagal nonmyeli-
nated fibers to those just described. Fur-
thermore, the psychologically inactive
compound, cannabinol, was  similarly
found to be inactive on nerve.

An effect of THC on the conduction
system was postulatéd by Lapa er al.
(74) on the basis of cxperiments in
which ‘they recorded potentials from the
sensory nucleus of the trigeminal nerve.
The present experiments provide direct
confirmation of this_suggestion. And an
action of the sort described here on
the fine nonmyelinated terminals of
neurons and dendrites might explain
some of the many cflfects of this drug
on nervous tissue,

The question must certainly arise:
Are these results on isolated nerve at
this dosage pertineht 1o the known
pharmacological effects of marihuana
in man? Unfortunately, dosage per se
may not be relevant, since the rabbit
vagus nerve may resemble the human
nervous system only insofar as both
share the same basic physiological mech-
anisms of conduction. The sensitivity of

different parts of nervous systems fo
drugs may vary considerably, and if
may well be that some parts of rabbit
ur human nervous systems are far more
sensitive than our selected test object.
Even the minimum concentrations used
in these cxperiments are at least an
order of magnitude grezter than those
reported in human plasma during peak
psychedelic action (f3). This means
that the significance of these results for
understanding the human response is
at the moment unclear. However, this
is the first demonstrated pharmacologi-
cal effect of marihuana constituents on
a simple nerve preparation, and it would
seem lo provide at least a starting point
in working out a mode of action.
R. Bycy

Department of Psychiatry and
Depurtinent of Pharmacology,
Yale University School of Medicine,
New Haven, Connecticut 06510

. M. Rrrene
Depurtinent of Pharmacology,
Yeale University School of Medicine
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The Inhibition of DNA Synthesis by Cannabinoids’

R. A. Carchman, L. 8. Harris, and A. E. Munson

Departmant of Pharmacology, Medical College of Virginia, Virginia Commonwealth University, Richmond, Virginia 23298

SUMMARY

Several of the cannabinoids found in marihuana have
been shown to inhibit tumor growth and increase the life-
span of mice bearing the Lewis lung adenocarcinoma.
When trypsin-dispersed isolated Lewis lung cells are incu-
bated in vitro, they maintain their capacity to carry out
macromolecular synthesis (RNA, DNA, prolein}. This proc-
ess can be inhibited by cytosine arabinoside, actinomycin
0. or methyl-1-{2-chloroethyl)-3-cyclohexyl-1-nitroscurea,
whereas cyciophosphamide, an agent that must be bioacti-
vated, was inactive. Inhibition of DNA synthesis as meas-
ured by [*H]thymidine uptake into acid-insoiuble material
was used as an index of cannabinoid activity against iso-
lated Lewis lung cells, L1210 leukemia cells, and bone
marrow cells incubated in vitro. A%, A%, 1-hydroxy-3-n
pentyl-, and 1-A®-trans-tetrahydrocannabinol, and cannabi-
nol demonstrated a dose-dependent inhibition of DNA syn-
thesis whereas cannabidiol and 1-hydroxy-3-n-pentylcan-
nabidiol were markedly less inhibitory in our in vitro cell
systems. Furthermore, our in vitro observations. with these
cannabinoids are supported byin vivo tumor inhibition stud-
ies, Ring modifications as in dannabichromene or cannabi-

' cyclol abolish in vitro activity as does dihydroxylation at the

B and 11 positions of 1-A’-frans-tetrahydrocannabinol. A®-
frans-tetrahydrocannabinol demonstrated the least toxicity
ol all inhibitory cannabinoids in vivo; thisis supported by its
lesser effect on bone marrow DNA synthesis in vitro.

INTRODUCTION

Recently, we reported {5, 6, 12) that certain cannabinoids
exhibit inhibitory activity against the Lewis lung adenocarci-
noma in vitro and in vivo and that the Friend leukemia virus
induced splenomegaly in vivo. This report expands the in
vitro observations to include additional cannabinoids and

other compounds using L1210 leukemia cells, isolated
mouse bone marrow cells, and trypsin-dispersed isolated
Lewis lung cells. The spectrum of effects attributed to A*-
THC* the major psychoactive ingredient in marihuana, is

! This investigation was supporied i part by grants from HEW(DA 00490,
CA17840, CA17551), the Atexander and Margaret Stewarl Trust Fund, and an
Amarican Cancer Society Institutional Grant (IN105A).

! The abbreviations used are: A*-THC, 1-A*-trans-tetrahydrocannabinol:
THC, rans-teirahydrocannabino!; MEM, minimal essential medium; ara-C, 1-
g-v-arabinoturanosyleytosine: ED,,, 505 inhibition of cell prolifaration; &*-
THC, 1-3"lrans-tetrahydrocannabinol; ABN A*-THC, 1-hydroxy-3-n-pentyl-A*-
tetiahydrocannabinof. CBD, cannabidiol; ABN-CBD, 1-hydroxy:3-n-pantyl-
cannabidiol; CBN, cannabinol.

Received April 8, 1975; accepted September 10, 1975,
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varied and complex {17). To date, an understanding of any
of its behavioral or biochemical effects is still in the realm of
speculation. Recent investigations aimed at elucidating the
cellular responses to marihuana or A%-THC have shown that
cultures of human lung cells show changes in DNA synthe-
sis following exposure to marihuana smoke (9). Zimmerman
and McClean {22) demonstrated in Tetrahymena that expo-
sure to A*-THC produced cytolysis that was preceded by the
inhibition of RNA, DNA, and protein synthesis. Aberrant
chromosomal changes have been reported in chronic mari-
huana users {21) as well as impairment of spermatogenesis
and testosterone secretion (8). Mitogen-stimulated lympho-
cytes from marihuana users have been reported to incorpo-
rate ["H}thymidine at a fower rate than did lymphocytes from
control subjects {13). These observations suggest a com-
plex interaction between the drug and the various systems
studied. The investigations in our laboratories are currently
directed toward the identification of active cannabinoids
(structure actlivity relationships): proposal of structural mod-
ification of the THGC ring system that alter activity; and
elucidating their mechanism(s) of action. This report deals
primarily with in vitro structure activity observations.

MATERIALS AND METHODS

, Preparation of Isolated Lewis Lung Cells. Lewis lung
tumors were grown in the gluteus muscle of C57BL/6 mice.
Tumors were removed 14 to 18 days posttransplant, cleared

- of tissue debris, and cut into 1- to 2-mm sections. They were

resuspended in MEM (with Earle's salts) containing 20%
heat-inactivated fetal calf serum. Cells were enumerated
using a Model ZB1 Coulter counter diluted in Isoton, and
cell viability was monitored using trypan blue dye exclusion
{0.5% trypan blue). Cells were centrifuged (600 x g for 10
min} and resuspended in MEM (with Earle’s salts} supple-
mented with (for every 500 mi MEM} 5§ ml 100% vitamins, 10
ml 50x amino acids, 5 mi 200 mm glutamine, 5 mi penicillin’
(5000 units/mi)-streptomycin {6000 upg/ml). Tissue culture
feagents were obtained from Grand Island Biological Co.,
Grand Istand, N. Y., or Flow lLaboratories, Rockville, Md.
Ce!i number was adjusted to 107 celis/ml and dispensed in
25-mi Erienmeyer flasks {3 to 5 mi/flask) containing 10 wf of
drug or drug vehicle {(ethanol). Flasks were then allowed to
equilibrate for 15 min at 37° under an atmosphere of 5%
CO,-95% O, with shaking in a Dubnoff metabolic bath.
Radiolabel was then added and 1-ml aliquots for liquid
scintillation were removed at various times. The quality of
cells'that one can isolate depends upon the care with which
one chooses the tumor and its trypsinization. The use of oild



necrotic tissue is undesirable as are extended periods of
trypsinization {>2 hr). It became apparent following re-
neated use of the Erlenmeyer flasks that acid wash followed
by alcohol-acetone rinses was insufficient in removal of
cannabinoid material from the glassware. We therefore
have been using 20-ml glass scintillation vials which are
then discarded.

Isciation and Incubation of Mouse Bone Marrow Cells.
C57BL/6 x DBA/2 F, (hereafter called B6D2F,) mice were
sacriticed {cervical dislocation) and the tibias and fibulas
were freed of surrounding muscle and connective tissue.
The distal portions of bones were removed and 1 ml heparin-
ized MEM (1.0 uniVml) was forced through the bone using a
1-ml syringe with a 26-gauge needle. Cells were then centri-
fuged (800 x g for 10 min), resuspended 3 times in MEM,
and the nucleated cells were enumerated using a Couiter
counter. Cell viability was monitored by trypan blue dye
exciusion. Cell number was adjusted to 107 cells/ml and
incubated with the drug or drug vehicle as described above.

Isolated L1210 Cells. DBA/2 mice were inoculated with 1
x 10° L1210 cells 6 days prior to sacrifice (cervical disloca-
tion). L1210 cells were removed by flushing the peritoneal
cavity with 10 ml unsupplemented serum-free Dulbecco’s
MEM containing penicillin and streptomycin. Cells were
centrifuged {600 x g for 10 min} and resuspended in the
above serum-free medium at a final concentration of 107
cells/ml. L1210 cells were then incubated as described for
Lewis lung cells.

Radiolabel Uptake in Vitro. Radiolabeled [methy/-*H]
thymidine (6.7 Ci/mmole; New England Nuclear, Boston,
Mass.) and/or [2-"Cjuridine (57 mCi/mmole; New England
Nuclear) were added {10 pCi/flask) following the 15-min
equilibration period of cells with drug or drug vehicle. At
various times after the addition of radiolabel, 1-ml aliquots
were removed and placed in 12- x 75-mm test tubes contain-
ing 2 ml 10% trichloroacetic acid (4°). The samples were
mixed and then kept at 4° for at least 20 min prior to
filtration on a Millipore filtering apparatus. The filters were
washed 3 times with 3 volumes of 10% trichloroacetic acid
(4°). Filters were then transferred to glass scintillation vials
and 10 ml of toluene-Liquifior cocktail were added. Samples
were counted in a Beckman liquid scintiliation spectrome-
ter. The incorporation of radioactive precursors into acid-
insoluble material (DNA)} was linear over the incubation
period (45 min) for Lewis lung, L1210, and bone marrow
cells.

Drugs. ara-C {NSC 63878), actinomycin D {NSC 3053},
methyl-1-{2-chloroethyl)-3-cyclohexyl-1-nitrosourea (NSC
9544}, and cyclophosphamide (NSC 26261} were Kindly sup-
plied by Dr. Ruther Geran, National Cancer Institute. Canna-
binoids were supplied by Dr. Monique Braude of the Na-
tional Institutes of Drug Abuse or Dr. Raj Razdan of The
Sheehan Insiitute for Research, Cambridge, Mass.

RESULTS
Eftect of Drugs on [*H]Thymiding Uptake. In an attempt

to evaluate our in vitro systems, we tested compounds of
known activities. ara-C, an inhibitor of DNA synthesis (3),
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has been shown to be highly active against the L1210 /n viv
(13) and is extremely active against the L1210 in vitro (Tabl:
2A). Lewis lung or bone marrow cells incubated in vitro an
apparently not as sensitive to this agent (Table 2A); this i
supported by its marginal activity against the Lewis lun
tumor in vivo (Table 1), At nontoxic doses of ara-C (10, 4
mg/kg) significant inhibition of primary tumor size was se¢i
only at 14 days; at later times f.e., 21 and 28 days, n
significant inhibition of the primary tumor was observed
Significant increases in the life-span of these animals wa
seen only at the highest nontoxic dose used (40 mg/kg)
Actinomycin D, an inhibitor of RNA synthesis (14-186), whei
incubated with Lewis lung cells in vitro in the presence ¢
radiolabeled thymidine and uridine, inhibits only the uptak
of [*Cluridine into acid-precipitable material while not af
fecting [*H]thymidine uptake. Inhibition of DNA synthesisb
actinomycin D was only seen when uridine incorporatiol
was less than 30% of control (data not shown). Methyl-1-(2
chloroethyl)-3-cyclohexyl-1-nitrosourea is a purported alky
ating agent (11) that showed only marginal activity in our i
vitro system against the Lewis fung, and cyclophosphamid
which is an alkylating agent requiring bioactivation (2
showed no activity when tested against the L1210 in vitn
{data not shown).

Effect of Cannabinoids and ara-C on PH]Thymidine Up
take in Vitro and in Vivo Tumor inhibition. We tested severa
cannabinoids in ourin vitro systems as indicated in Table
2A and 2B. Similar data {not shown) were aiso obtaine
using radiolabeled uridine. Those cdnnabinoids that in
hibited [*H]thymidine uptake by 50% (EDs,) in the Lewis lun
in vitro at ut concentrations include A®%-, A%-, ABN A®-THC
and CBN (Table 2A). Concentrations of cannabinoids it
excess of 107° M were required, for CBD, ABN-CBD, canna
bichromene, 88, 11-dihydroxy, A*-THC, and cannabicyclo
(Table 2B). Comparisons of in vitro activity for several o
these compounds with in vivo tumor inhibition can be mad:
by comparing Tables 2 and 3. Dose-dependent inhibition o
primary tumor growth is seen with those compounds tha
inhibited in vitro DNA synthesis at p#4 concentrations (Tabh
2A}). Those compounds {CBD, ABN-CBD) that requirec
larger concentrations in vitro either were inactive or as i
seen with CBD stimulated tumor growth at either 25 or 20(
mg/kg (Table 3}. Significant (>25%) increases in the life
span of Lewis lung tumor-bearing mice were seen only will
4¥-) A%~ ABN A®-THC, and CBN (data not shown)}. The inhibi
tion of DNA synthesis in the L1210 in vitro is depicted it
Table 2. A comparison of cannabinoid activity in this systen
is of interest since basically the activities fall into the same!
groups seen with the Lewis jung. Although A% THC has ar
ED,, greater than A*-THC, ABN AYTHC, or CBN, it is a
feast 10 times more effective than the other cannabinoids
(Table 2). The cannabinoids have not been shown to havs
any activity against the L1210 in vive (11) and, if one
compares the best in vitro activity against any of the
cannabinoids (CBN) with ara-C, a drug that can cure ths
L1210 in vivo, there is approximately a 100-fold difference
in their EDy's. Comparison of cannabinoid activity agains
normal bone marrow cells in vitro is seen in Table 2. A THC
was the only cannabinoid that inhibited both Lewis lung
DNA synthesis in vitro and tumor growth in vivo while
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TN %;b“f"‘:' Table 1 —
AR . The effecr of ara-C in Lewis lung adenocarcinoma in vivo

Groups of BED2F, male mice were inoculated i.m. with § x 10* Lewis lung tumor cells.
ara-C was administered i.p. daily for 10 consecutive days beginning 24 hr after tumor
implantation. Tumor weights were calculated from caliper measurements by:

! w=a X b?
' 2

where a is the long axis (mmj, b is the short axis {mm), and w is weight (mg).
| ;
¥ . 1

li Tumor wt (mg) (posttransplant) . %
7 - increase
Dose Day Day Day in
] {mg/kg) 14 21 28 life-span
",
' 0 2700 = 2007 (8) 7000 = 300 (8) 9600 = 400 (7)
10 1600 + 100 (7) 5500 + 300 (7) 10000 (1) o .
40 _ 1400 x 60 (8) 6500 x 500 (8) 9700 * 600 (5) 25.4
80 : ' Toxic

* Mean t S.E. of the tumor weights was derived from the number of mice indicated in
parentheses.

| Table 2A
The eﬂecf of cannabinoids and ara-C on in vitro DNA synthesis

Cells were prepared and incubated with drug or drug vehicle as described in ""Materials
and Methods,” The/drug dose thal produces ED,, of DNA synthesis was calculated using
the method of Litchﬂeld and Wilcoxin (10). Values for which an EDy, was catculated had

: ) slopes that were not significantly different except for ara-C and represent the 15-min

. ) incubation time. Drugs were made up fresh daily in ethanol (10 pl/fiask) and preincubated

| : with cells for 15 min prior to the addition of radiolabel ["H]thymidine, (10 pCi/flask).

Following a 15-min incubation of cells with [*H}thymidine the amount of trichloroacetic

acid-insoluble (DNA) radicactivity present was: 25,000 cpm/10° cells, Lewis lung; 20,000
cpm/1Q7 cells, L1210; 6,000 cpm/107 cells, bone marrow.

i EDyo(M)
Drug , Structure Lewis lung L1210 Bone marrow
, A%-THC 418 % 107° 3.26 x 107 2.06 x 10-° ‘
'!
{ AMTHC 299 x 10 B70x 10°  1.26 x 1070 §
i . !
ABN A*-THC 1.48 x 10-° 5 % 10- 3.56 x 10°¢
CBN 23x10° 22 %10 3.08 x 10"
: ara-C s 1.36 x 10 7 253 x 10" 1.57 x 10 ?

exhibiting a differential effect on bone marrow DNA DISCUSSION

synthesis. This apparent selective to%icity was also seen
. with ara-C [bone marrow versus L1210} although not Lewis rhe use of isolated cell systemsm vitro as mode s to stu
t lung versus bone marrow {Table 2A}]. | and evaluate both basic biochemical and drug mechanist
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® R . Tabie 2B
The effect of cannabinoids and ara-C on in vitro DNA synthesis
Cell incubations were prepared as described in Table 2A and "'Materials and Methods."

EDyp {m)
Drug Structure | Lewis lung L1210 Bone marrow
CBD ! N 3.37 x 10 “ 4.89 x 1074
H
’/ FY .
;‘Ho o CSH“ !
- ABN-CBD c i9.28 x 10-* 1.29 x 1072 551 X 10-¢
shy
. . . ‘ 2 H OH t
Cannabichromene s o Lo >0 - >1071
83, 11-Dihydroxy A%THC CH,0H I >0 >10-+
on [ \E OH
C‘QHH
Cannabicyciol CHy >10™
|

L)

“ Doses of CBD (1074 to 1077 M) produced marked stimulation of I*Hithymidine uptake into acid-

precipitable material.

Table 3 .
The effect of cannabinoids on Lewis lung adenocarcinoma in vivo

Groups of B6D2F, male mice were inoculated with 5 X 10° Lewis
lung carcinoma cells in the right hind gluteus muscle. Cannabi-
noids were administered by gavage daily for 10 conseculive days
beginning 24 hr after tumor implantation, Tumor inhibition was
determined 14 days aiter tumor transplant by converting caliper
measurements {o mg of tumor,

- Tumor wt at the following doses (mg/kg)

Drug : 0 25 | 200
MTHC . 2000 x 240¢ 850 = 300 700 = 200
A*THC . 2200 =200 1200 + 140 1100 = 150
ABNA-THC 2400 =130 1400 = 100 1200 i 140
CBN 1300 = 150 1000 = 1jso 300 * 100
cBD 2800 £ 200. 4200 = 500 3900 x 300
ABN-CBD 2200 + 200 1500 =250 2000 = 150

" Mean = S.E. derlved from 8 mice/group.

represents an important investigational tool. The antitumor
activity of A%-THC reported by Munson et al. (12} is consist-
ent with our in vitro observations. In addition, all those
cannabinoids that we have studied in vitro have demon-
strated a high degree ot correlation when tested in vivp
(Table 2 versus Table 3). We have also evaluated several
drugs currently used in treating human leukemia {14). ara-C
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. has been shown significantly to increase the survival time ¢

mice bearing the L1210 leukemia, and indeed its activity i
isolated L1210 cells incubated in vitro clearly supports itsi
vivo inhibition. When A%*-THC was evaluated in vitro agains
the L1210, inhibition of DNA synthesis was observed, a
though it was less than what was seen with Lewis lung cell
incubated in vitro. When A®-THC was tested in vivo agains
the L1210 leukemia, it showed no activity {12). This appai
ent discrepancy may be accounted for by the fact the
agents that significantly prolong the survival time of L121
mice produce significant daily cell kills (>>99.9%) (18-20
The data in Table 2A would indicate that A*-THC is at least
to 3 orders of magnitude less potent in inhibition of [*Hjthy

. midine uptake than is ara-C in the L1210. The rapid doub
¢ ling time of L1210 cells in vivo (0.55 day), which have a com
' paratively short G, phase relative to their S phase, suggest

that A®-THC may not work by inhibiting the S phase of thi
cell cycle. The kinetics of cell growth (4, 11} in Lewis lury

. tumor cells in vivo {doubling time, 1.7 days for 100 mg o

tumor) appear to make this solid tumor more amenable t
control by A®-THC [Munson et al. (12)] than is the L121(
leukemia and indicates that A®-THC may work by inhibiting
some other phase of the cell cycle. This possibility is cur
rently under investigation. ara-C is approximately 10 time:
less potent in blocking DNA synthesis in the Lewis iung ir
vitro as it is against the L1210. This finding is supported b
the observation that this agent is only marginaily effective
against the Lewis lung in vivo. These observations suppor

" the validity of ourin vitro models in evaluating the cannabi

noids. It would also appear from the data on other chemo



therapeutic drugs that these in vitro sytstems may provide
an appropriate -milieu in which drug and biochemical stud-
ies can be carried out with a reasonable prediction of their
in vivo activities.

Following the recent reports of ATHC activity on lympho-
cytes (7, 13), testosterone levels (8), chromosome damage
{21), and the inhibition of the Lewis lung tumor’and Friend
lzukemia virus-induced splenomegaly in vivo, we have at-
tempted to identify the active sites on the THC molecule, to
elucidate its sites of action, and to develop more potent
analogs. The data from our in vitro systems and in vivo
studies clearly indicate that there is no relationship between
central nervous system activity and antitumor properties,
since CBN and ABN A®THC are active in vitro and in vivo

{12) against the Lewis lung while they do not produce any

significant behavioral responses (1, 17). The location of the
double bond in the A-ring (A®-THC, A*-THC. CBN) does not
change its antitumor potency, although we have not evalu-
ated 1-A™-trans-tetrahydrocannabinol or other A-ring-satu-
rated derivatives. Substitution or ring alterations on the A-
ring are not compatible with activity as seen following hy-
droxylation (83, 11-dihydroxy, A*™THC) or alteration of the
A-ring as seen with cannabichromene or cannabicyclol. The
opening of the B-ring is also incompatible with activity
(CBD, ABN-CBD) and in tfact appears to increase
["H]thymidine uptake in vitro. This structural change also
increases the rate of tumor growthin vivo and decreases the
lite-span of the animals with tumor (12). Exchanging the
alkyl and phenolic-hydroxyl groups in the C-ring appears
not to aiter the potency of THC (A*-THC, ABN A-THC, Table
2A). General conclusions can therefore be made from ourin
vitro observations: (a) A-ring constituents are important for
activity; this may be related to the planarity of the molecule
although other physicochemical changes in the A-ring may
provide a further understanding of A-ring requirements; (b)
the integrily of the B-ring appears essenlial since CBD and
its abnormal derivative show no inhibitory properties; (¢)
modification of the C-ring (ABN ANTHC) does not alter
activily. Additionally, these agents have a wide therapeutic
index and toxic effects appear to be less serious with canna-
binoids than they are with standard chemotherapeutic
agentis.

The preliminary finding that isolated bone marrow cells
are not as drastically affected by A"THC as the isolated
Lewis lung tumor cells represents a significant observation
that we are currently pursuing. The lack of such specificity
in the other active cannabinoids is supported by the weight
ioss noted in animals bearing the Lewis lung tumor treated
with these drugs (12}. In addition. it has been found (J. Levy,
personal communication) that peripheral leukocyte counts
from A*-THC-treated animals {200 mg/kg), although initially
depressed, recover and return to control levels within 4
days. We have also found (unpublished observation) that
the total number of peripheral leukocytes from tumor-bear-
ing mice treated with A"™THC {25 to 200 mg/kg) for 10 days
are identical to those of untreated animals. We are currently
evaluating differential WBC counts from A"THC animals in
order to rule out a change in a specific cell type.

An attempt to understand how the active cannabinoids
produce their effects is currently under investigation. Mac-
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romolecular {(DNA, BRNA, protein) synthesis appears to be
equally depressed by A"THC (unpublished data) although
this is not related to cell death as indicated by cell viability
(>95%). We have studied the action of A*THC on lLewis
lung tumor cells grown in tissue culture; "H]thymidine up-
take studies indicate that drug (A"-THC) concentrations that
inhibit thymidine uptake into acid-insocluble material by 50%
do not affect the radioactivity in the acid-scluble pool. This
observation indicates that A"-THC is not inhibiting DNA
synthesis by depressing precursor uptake {A. White and R.
Carchman, unpublished observations) in Lewis lung tumor
cells.

Our in vitro systems for evaluating and understanding the
potential chemotherapeutic efficacy of cannabinoids may
provide an additional mechanism not only for understand-
ing the activity of these agents but also for accelerating the
numbers and kinds of compounds that can be tested. In
addition, the isolated bone marrow cells afford an opporiu-
nity to extend in vitro observations and offer some potential
for predicting drug toxicity in vivo,
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Coorer, I, T, and Goupstein, S, 1976, Toxicity testing i vitro. 1. The effects of A%-tetra-
hydrocannabinol and aflatoxin B on the growth of cultured human fibroblasts. Can. I. Physiol.
Pharmacol, 84, 541545,

The acute toxicity of A%-tetrabydrocannabinol (A% THC) and aflatoxin By to two strains of
cultured human fibroblasts has been studied. A°-THC had no effect on cell plating efficiency or
on the growth of mass cultures at doses of { ug/ml (318 wA) or less: at 10 gg/mi plating effi-
ciency was reduced by approximately ball and at 20 ug./ml colony formation was zero. Aflatoxin
B, reduced plating cllicicney at dose fevels of 0.1 gg/mi (0.32 A7) and above: in mass cultures it
retarded growth at g omi and produced complete inhibition at § gg. ml The potential useful-
ness of cultured human fibroblasts in toxicity testing is discussed and the importance of using
normal diploid cells rather than ancuploid permanent lines is emphasized. The limitations of

Toxicity testing in vitro. I T hc cffects of & -(ctrahydrocannabmol and aﬂatoxm B.

cell cultures in assessing toxicity, and possible solutions 1o these are considered.

|
Introduction

The asscssmient of toxicity in agents to which
man may be cxposcd is of prime importance.
However, there is no wholly satlsﬁlcmry method
for determining toxic limits, since cthical and
practical considerations preclude such studies in
man himself. The classical approach to this
problem is the usc of animal studics, although it
is difficult to extrapolate from the laboratory
animal to man because of interspecics and even
interstrain  differences. The  interpretation of
animal data is further complicated by the de-
pendence of the results on animal age and sex,
the route and vehicle used for administration,
and mnnmldlu(Wctshm;:c r 1971). These factors,
coupled with the Enm required to obtain useful
results pius the hth cost of maintaining animal
colonies, combine to make the investigation of
alternative methods of toxicity testing attractive.

The use of cultured cells as an in vitro sysiem
for assaying toxicity has been explored by a
number of workers (¢.g. Metcalfe 197]; Carr and
Legator 1973). However, most of the published
studies are based on permancnt cell lines, often
of nonhuman origin. These cells no longer
possess the normal diploid chromosomial com-
plement of the ariginal donor and have acquired
the ability to grow indefinitely in tissuc culture.
Conversely, normal diploid cells in culture have a

ABBREVIATIONS: A% THC, A% tetrahydrocannabinol:
ABy allatoxin Bir RGM. regufar growth  medium:
DMSO. dimethyl sull”<|>xide: uv, ultraviolet.
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fimited lifespan (Hayflick 1965). This disparity
in behaviour, together with differences in nutri-
tional requirements (Swim 1967}, implies funda-
mental differences which make permanent lines
of limited value in metabolic studies where
information about the intact normal organism is
desired. Furthermore, the limited in vitro lifespan
of normal diploid celis, which has been shown
to be inversely related to the age of the donor for
human skin fibroblasts (Goldstein et al. 1969:
Martin e1 al. 1970), offers an additional advan-
tage to their use in toxicity testing. It is a useful
parameter in terms of which the chronic effects
of low doses of an agent can be monitored and
yet still provide information within a matter of
months.

In this preliminary investigation we have
studied the effects of A*~THC and AB,, on two
fibroblast strains derived from normal adults
TIIC is the principal psychoactive constituent of
marihuana (Mechoulam er al. 1970) and is of
interest in view of the increasingly widespread
use of cannabis preparations. It has been studied
previously in tissue culture (Zimmerman and
McClean 1973; Huot and Radouco-Thomas
1974 Nahas et al. 1974), in attempts to elucidate
its pharmacological actions but littde information
is available about its toxicity. AByis a potent
mycotoxin - with  well-documented  acute and
chronic toxic properties (Wogan and Pong 1970),
and was chosen as a control substance to estab-
lish the response of the cells to a known toxic
agent.

N



Methods

THC (95%, lot SSC 69961, from Health and Welfare
Canada, Ottawa, Ont.) was stored at —70"C in absolute
ethanol at a concentration of 5 mg/ml. A stock solution
was prepared immediately before use by adding 0.1 m! of
the ethanol solution to 4.9 ml of RGM (Eagle’s medium
supplemented with 15% fetal calf serum {Goldstein and
Littlefield 1966)), resulting in a concentration of 100
ug THC per millilitte and 2% ethanol by volume, This
was diluted with RGM to the desired final THC conecen-
tration. Corresponding solutions containing alcohol alone
were used to establish the effects of aleohol on cell
growth,

Since THC is relatively unstable, preliminary experi-
ments were carried out to determine its stability under our
incubation conditions. For this purpose a solution con-
taining 50 ug THC per millilitre was prepared in glass
equipment, Duplicate 5-ml aliquots were extracted im-
mediately and a series of further 5-nyl aliquots distributed
among plastic petri- dishes. Duplicate dishes were ex-
tracted immediately and then at various time intervals
over the next 6 days following incubation at 37 °C, The
extraction procedure employed involved protein pre-
cipitation by the addition of 15 m! methanol followed by
four successive extractions of the supernatant with 5 ml
hexane, The pooled ihcxane extracts were cvaporated to
dryness under nitrogen at room tempersture and the
residue dissolved in Sml absolute ethanol. The uv
spectrum was recorded on a Pye Unicam spectropho-
tometer and compared with that of the pure THC suitably
diluted from the stock alcohol ‘solution. When a more
sensitive gas chromatography ~ mass spectrometric meth-
od for the assay of THC subsequently became available
(Rosenfeld et al. 1974), this experiment was repeated
using a THC concentration of 0.01 ug/m! in RGM.

AB, (Calbiochem, CA, -U.S.A)) was bought as the
purified solid and stored in chloroform solution at
2.5 mg/miat —70 °C. As required, 0.1 m! was evaporated
to dryness, the'AB.! redissolved in 0.25 ml DMSO and
2.25 mi RGM added, producing a final concentration of
100 ug AB, per millilitre and 104, DMSO by volume;
subsequent dilutions were made with RGM alone, Effects
due to DMSO alone were monitored using corresponding
solutions prepared in the absence of AB,.

The two cell strains used were established from skin
biopsies of healthy adult males by standard procedures
{Cooper and Geoldstein 1973), and stored in liquid
nitrogen, Ampoules lof cach at carly passuge level were
thawed into petri diPhcs (Falcon Plastics, Los Angeles,
CA, US.A) and grown to conlluence at 37°C in an
atmosphere of 959, dir - 3'4, CO;. At confluence the cells
were rinsed with phosphate buffered saline and harvested
with 0,1259, trypsin. They were then plated at low
(230 or 500 cells per dish) or high (80 000 celis per dish)
density into S-cm petri dishes containing RGM with the
appropriate concentration of drug or vehicle, Cells plated
at low density were fed again with fresh medium contain-
ing drug or vehicle after 7 days and then at the end of 14
days the cells were fixed with formalin and stained with a
standard azure-eosin dye (Giemsa's stain) for casy
visualization. The number of macroscopically visible
colonies was counted to determine the plating efficiency,
i.e. the fraction of the cells which had survived to form
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Fic. 1. Relative plating efficiencies of cultured humar
fibroblasts incubuated with (0) A%THC and () AB,
Plating efliciency = (No. of macroseopic colonies X 100),
(No. of cells plated), Data are expressed as the percentag
of the plating efliciency of the same strain in growtl
medium alone (mean + SD). .

colonies, Triplicate dishes of cells plated at high density
for each level of drug and vehicle were harvested daily
and the number of cells per dish counted in a Cytograph'
6302 cell counter (Biophysics Instruments, Mahopac
NY, U.S.A). This was continued until growth ceased a:
a result of density dependent inhibition or drug toxicity

Results

In the experiment to determine THC stability
using the uv spectrum (absorption maxima al
276 and 283 nm, log ¢ = 3.2 and 3.1, respec
tively), we found no significant change ir
extractable THC from zero time up to 6 days at
37 °C using 50 ug THC per millilitre in RGM,
with the recovery in the range 72-76%,., Morc
importantly, this result was confirmed when the
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Fig. 2. Mass culturé growth of cultured human fibro-

blasts in the presence of (a) A%-THC and (b) AB,.

cxperiment was rcpeated with gas chromatogra-
phy —'mass spectroscopic assay of the extracted
THC. The specificity of this technique leaves no
doubt that A®-THC and not some other moiety is
being assaycd while its sensitivity permitted the
‘use of a THC concentration in the range used for
the studies with cells, i.e. 0.01 pg/ml,

The effects of the drugs on colony formation
after plating at low density arc shown in Fig, 1.
At THC conc)cmrations of 0.01, 0.1 and {.0
ug/ml (0.0318,°0.318 and 3.18 uM, respectively),
the plating efficiencies were essentially the same
as the RGM control cells which were exposed to
neither THC nor alcohol. At 10ug THC per
millilitre (31.8 pM), the plating efficiency of both
strains was reduced by almost 50%, while at

.20 ug/m1 (63.6 nM), colony formation was totally

inhibited. These dilferences were significant (by
Student’s 1 test) with p < 0.005. Cultures with
0.0029%, and 0.02%, cthano! were not significantly
different from the vehicle-lree control but the
plating clliciencics were clevated in the controls
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containing 0.29, alcahol (p < 0.025) and 0.49,
(p < 0.01). AB; produced no effect at 0.001 or
0.01 pg/ml (0.00318 and 0.0318 M) but reduced
plating efficiency in both strains at 0.1 and
1.0 ug/ml (0.318 and 3.18 pM) with p < 0.005;
corresponding levels of DMSO alone had no.
effect,

Figure 2 summarizes data for one of the two
strains on the growth of mass cultures. Neither
THC at concentrations up to [ pg/ml nor the
corresponding alcohol levels produced any de-
tectable change in growth rate or final cell
density during a 7-day period, by which time
density dependent inhibition of growth had
occurred. AB; at 1.0 and 2.5 pg/ml produced
progressively increasing inhibition and at 5 pg/m}
there was cssentially total inhibition of growth.
DMSO levels corresponding to 5 and 2.5 ug/ml
of AB, resulted in some growth inhibition com-
pared to the untreated cells but this was small
relative to that produced by AB,. Similar results
were obtained with the second cell strain.

Discussion

' Our data with AB, are in general agreement
with previous studies using permanent lines
(Gabliks er al. 1965; Harley et al. 1969), al-
though the dose level at which we are observing
toxic effects, 0.1-1.0 ug/ml, is somewhat lower.
This could be due to higher sensitivity of human
diploid cells to AB, or to slight differences in
methodology. '

In particular, our resuits are in good agreement
with those of Legator (1969) who also used
human cells: he reported growth inhibition of
human embryonic lung cells at 0.05 pg AB, per
millilitre. In additional experiments, not reported
in detail, we showed that the same plating
efficiency results were obtained if the cells were
plated initially into RGM alone and then fed
again 24 h later with medium containing the
drug or vehicle. This confirms that the reduced
plating efliciencies observed were due to a real
impairment of cell growth and not merely to
reduced attachment of the cells to the dish in
the presence of the drug.

Although THC has been reported to be un-
stable at ambient temperatures, our results
confirm that under the incubation conditions
used there was no detectable change in concen-
tration over a period of 6 days. We conclude

e e .. cos——



that oxidation of THC is neglipible, probably
duc to its stabilization by binding to serum pro-
tein present in the RGM (Wahlqvist er al. 1970).

Serum levels of THC, at which psychoactivity
is demonstrable in man, have been established to
lie in the region of 10-30 ng/ml (Agurell ef al.
1973}, two orders of magnitude less than the
lowest dose producing an acute toxic response in
our culture systeni. However, it may be that long
term exposure of cells to THC at levels below
those at which acute effects are observed can still
produce deleterious effects. This is of importance
in view of reports that THC tends to accumulate
in fat and brain tissue (Kreuz and Axelrod 1973)
and that cell-mediated immunity is depressed in
chronic marihuana users (Nahas er af. 1974). In
an experiment to investigate this, we grew the
same strains of cells in mass culture in the
presence of various dose levels of THC and AB,
until they .became senescent. Significant reduc-
tion of the replicative lifespan of the cells
occurred only at the same drug levels that
diminished plating efliciency. Consequently, for
these two drugs, no additional sensitivity to their
toxic eflects was demonstrable on chronic ex-
posure over a period of approximately 5 months.
The toxicity of THC has previously been studied
in animals (Thompson et ¢, 1973b; 19734), but
direct comparison with our data is diflicult, not
only because of marked interspecies diiferences,
but also because the THC was given orally and
no serum levels were reported.

Our data show that using cultured huwman

fibroblasts to estimate the acutely toxic levels of

a known toxic agent, AB,, we obtain results
quantitatively similar to those from other. test
systems. The results are available both rapidly
and relatively inexpensively. Furthermore, the
same test-system is readily extended to the study
of chronic toxicity by observation of the effects
of an agent on the overall in pitro lifespan of the
cells. This may be of value in predicting the
effects of long-term exposure to drugs or en-
vironmental agents since the limited in vitro
lifespan of diploid cells represents an excellent
model of human aging (Hayflick 1974).

The procedure described is subject to two
possible limitations. The.drug under study must
be solubilized in an aqueous medium, and this in
general requires the -use of a vehicle. While
drug-free controls should clearly be run con-
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comitantly it is still possible that synergistic
effects between drug and vehicle may occur and
will be ascribed to the drug alone, One means of
controlling for this may be to use two chemically
dissimilar vehicles whenever possible. Of more
specific importance is the fact that many biologi-
cally active agents exert their effects through
metabolites, in particular, solubilized products
of liver oxidation. Although there is cvidence
that mammalian fibroblasts possess inducible
microsomal mixed function oxidase activity
{Nebert and Gelboin 1968), this remains to be
demonstrated for human diploid fibroblasts.
Hence, toxicity due to metabolites might go
undctected: A possible solution is the use of a
combined test system using purified liver micro-
somes in conjunction with cultured cells and we
report such an approach in detail in a separate
paper (Cooper and Goldstein 1976).

Acknowledgment
This rescarch was supported by a grant

~through the Programme of Research on Drug

Abuse co-sponsored by Health and Welfare
Canada and the Medical Research Council of
Canada and was carried out during the tenure of
an Ontario Heart Foundation Senior Research
Fellowship (JTC) and a Medical Research
Council of Canada Scholarship (8G). Dr. Jack
Rosenfeld is thanked for the gas chromatogra-
phy — mass spectroscopy assay of THC and
Diane England for technical assistance.

Acunruii, S, Gusiarsson, B, HousmsteoT, B, LEANDER,
K., Linocren, J-E., Nicsson, 1., Sanposerg, F.,
and  Aspere, M. 1973, Quatilation of Al-etra-
hydrocannabinol fn plasma from cannabis smokers,
J. Pharm, Pharmacol. 25, 554~558. .

Canr, J. V., and Legator, M, 5, 1973, Hexachlorophene-
induced aherations in the metabolism of cultured
human lung cells, Proc. Soc, Exp. Biol, Med. 142,
564566,

Coower, 3. T, and GoLpstrin, S. 1973, Skin biopsy and
successful fibroblast colture, Lancet, H, 673,

e 1976, Toxicity testing i virro 11, Use of a micro-
some-cultured buman fibroblast system to study the
cytotoxicity of cyclophosphamide. Can. J. Physiol.
Pharmacol. 54, 546-550.

GanLiks, J., Sciaerrer, W., FrIEDMAN, L., and WoGan,
G, 1965, Effect of allatoxin 3, on cell cultures, 1.
Bacteriol. 90, 720-723.

GoLnsten, 8., and Lirteerielp, J. W, 1969, Effect of
insulin on the conversion of glucose-+C to CO. by
normal and diabelic fibroblasts in culture. Diabeles,
18, 545-549,



- by Mouse Testes in vitro

[

Cannabinoids Inhibit Testosterone Secretion

Abstract. Addition of delia-9-tetrahydrocannabinol or cannabinol (o an ineubaiio,
medium containing decapsulated mouse testes caused a significant reduction in the
accumulation of testosterone in the medium. This result suggests that the reportec
effects of cannabis on male sexual and reproductive function may result from direci
inhibition of testicular steroidogenesis by both psychouctive and nonpsychoactive

constituents of marihna.

Marihuana and its psychoactive con-
stituent.  delta-Y-tetrahydrocannabinol
(THC), have heen implicated in the alter-
ation of testiculur function in several
species including man.  Administered
through various routes, either marthuana
or THC can reduce the concentration of
testosterone (T) in peripheral plasma in
both rat and man (/, 2), suppress
spermatogenesis and produce changes in
sperm-hewd proteins (3. 4). and reduce
the weight of the testes and the accesso-
ry reproductive organs (3--3). A reduc-
tion in certain androgen-dependent be-
havieral responses. such as intra- and in-
terspecics aggression (63 and copulatory
behavior in male rals and mice (7). has
also been observed. In men. reduced
sexual potency and gynecomastia (/, 2,
8} have been reported in heavy marni-
huana users. However, changes in ag-
gressive and sexua! behavior induced by
canmabinoids may he related to the ac-
tion of these compounds on higher brain
centers rather than to changes in the
function of the hypothalumic-pituitary-
testicular system.

Cannabis-related decreases in periph-
crad futeinizing hormone (LH) and pro-
nctin fevels (7. 2. 9) suggest that alter-
tion in testicular function may be secon-
dary to suppression ol the pituitary,
Increased adrenal weight (5) and corti-
costerone production (/0) with cannabis
treatment  suggest  another  possible
mechunism for the alteration in testicular
function. _

In contrast, the demonstration of an
inhibitory effect of THC, cunnabinol

(CBN), and other cannabinoids on il
synthesis of protein and nucleic acid i
incubated testiculur slices (J/) suggest
that THC may act directly on the testis
We therefore studied whether these can
nabinoids arc capable of direcily ul
fecting the testicular biosynthesis of T
vitro. We examined the effects of TH(
and CBN (which is believed not to b
psychoactive) using decapsulated mous:
testes in an in vitro incubution system,

Adult (2 to 3 months of age) or imnmu
ture (34 to 37 days) closed-colony but m
inbred laboratory mice were killed b
cervical dislocation; the testes were i
mediately removed. decapsulated, an
incubated in Krebs-Ringer bicarbonat
buffer, glucose (I mg/m), and 12,5
10°* international unit of human chorior
ic gonadotropin {Follutein, Squibb) pe
milliliter (/2. The THC or CBN, at th
various doses, was introduced into th
incubation sedium in a 20-ui volume
cthanol, The same amount of ethant
wus added to the control flasks, The cor
centration of T in the medium after
hours of incubution was determined b
radioimmunoassay (/3) after suitable d
lution of the aliquot (J4). As a contro
mouse testes were incubated either wil
ethanol (at doses of 10, 20, or 50 plim
or without ethanol, At these doses, etf
anol did not affect T relcase. The di
ferences between the mean T concentr2
tion in alcohol-containing and in contrc
incubations were no greater than 9 pet
cent and were not significant.

The effect of THC on testes obtaine
from adult mice is shown in Table |. Th

Table 1. Effccts of ireatment with §*tetrahydrocannabinot (THC) in vitro on the production ¢
{ testosierone (T) by the decapsulated testes of adult (2- 1o 3-month-old) und immature (34-to 3
d:;_y.’“ld) mice. The results represent mean (+ 5.5, concentration of T in the incubation med:
um at the end of a 4 hour incubation. The size of cach treatment group is shown in purentheses
Abbreviation: N.S., not signtficant.

Concentra- Age Concentration of T (ng/ml) Inhibi- .
tion of of ——— e tiem P
THC (ug/ml) mige Controls Treated (%)
0.25 Adull S17 & 5% (8)° 386 + 27 () 25 < .03
2.5 Adult 517 % SR (8) 426 = 37 (®) 8 . N.S.
12,4 Adult 225 = 24(1D) 159 2 10(11) 29 <2
25 Adult 517 = 3R (R 71+ 16 () 86 < 001
28 Tmmature 253 & = 16010 51 . < .6

RXTEN 118

“Listing identica) contral values mare than orce fepresents comparison of sever! treatment groups (0 on
countrol group. o}l run in a single incubation, . :
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addition of THC in a 20-ul volume of eth-
snol, to the incubation medium, in order
to achieve 'I.’HC concentrations of 0.25,
2.5, 12.5, or 25 pg/ml resulted in 25, 18,
20, or 86 percent inhibition, respective-
ty, in the accumulation of T in the
incubation medium, In another experis
ment. with testes obtained from imma-
ture mice. the dose of 285 ug THC per
milliliter resulted in a 53 percent de-
crease (P < .001) in the accumulation of
T (Table 1). In a subsequent experiment
with adult animals, the addition of 25 or
250 pg CBN per milliliter of incubation
medinm significantly (P < .001) inhib-
ited the production of T (Table 2). These
results complement the findings of Jacu-
bovic and McGeer (!7), who demon-
strated that THC, CBN, and other cun-
nabinoids can inhibit the synthesis of nu-
cleic acids. proteins. and lipids in
testicular slices in vitro.

Recently, THC has been shown to
possess  estrogenic  activity (/5). and
some investigators have suggested that
estrogens may inhibil testosterone syn-
thesis by a direct action on the testis
(16). However, in this tncubation sys-
tem, the addition of estradiol, at doses as
high as § pp/ml, did not affect T accumu-
lation in the incubation medium (/7).

It is always difficult to extrapolate

from experiments conducted in vitro (o
conditions in vivo. Although THC can
concentrate in testicular tissve (/8). the
actual in vivo concentrations in human
maribunna users, or in experimental ani-
mals treated with cannabinoids, may
vury considerably from those used in this
study. However, the resuits do indicate
that (1) THC. in a wide runge of doses
(including the relatively low level of 0.25
pg/ml), can significantly reduce T bio-
synthesis in the decapsulated mouse tes-
tis and (i) CBN can have a similar of-
fect.

The ability of either cannabis or THC
to lower ptasma T levels in vivo has been
described (/, 2). We have observed tha
subcutaneously injecting male mice with
100 ug CBN per day for 4 days signifi-
cantly reduced T levels in the plasma
sumpled approximately § hours after
the last injection (1.73 = 0.75 versus
8.50 = 2.26 nyml; P < .02) (/9). The
similarity of the response of mouse tes-
tes in vitro to both THC and CBN sug-
gests that nonpsychoactive constituents
of cannabis can contribute to its effects
on the endocrine system. Furthermore.
suppression of (esticular function by
CBN. or other nonpsychoactive com-
ponents of marihuana, could account for
some of its effects on undrogen-depen-
dent behaviors.

The mechanism of action of marihuana
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Table 2. The efect of reatment with can-
nabinoal (CBN) in vitre on the production of
testosterone (T) by the decapaubated testes
from adult mice. The results represent mein
(= S.F.) concentration of T in the incubation
medium at the end of i 4-hour incubation.

CBN T
COR-
centri- Inhibi-
tivn ng. ml N lon P
(mp/ml) (e)
368 = 27 9
28 R I ) 73 <2 (0]
(01

250 I8x 5 8 9s <

on testicular function remains to be

clucidated, but our results indicate that
the reduction in peripheral T levels ob-
served in vivo (/. 2) impaired sperma-
togenesis (3, 4), and decreases in andro-
gen-dependent behaviors (6, 7Y may be
due. at least in part, to a direct inhibitory
effect of cannabinoids on the production
of T by the testis.
S. DALTERIO

A. BarTKE, S, BURSTEIN
Worcester Foundaion for
Experimental Biology., Shrewshury,
Massachusetts 01545
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Effects of Marihuana Use on Body Weight

-and Caloric Intake in Humans
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Abstract. Body weight and caloric intake were meas-
ured in a group of heavy and casual marihuana users

. prior to, during and following 21 days of marihuana
- smoking under research ward conditions. A group of
" contro! subjects were studied under identical condi-

tions, but they did not smoke marihuana. Both heavy
and casual marihuana users had a significant increase
incaloricintake and gained weight during the marihua-
na smoking period. Heavy and casual users gained an
average of 3.7 and 2.8 Ibs respectively difing the

,first 5 days of marihuana smoking. In contrast,
" control subjects gained only a small amount of weight

(0.2 1bs) during the same time interval. Water reten-

- tion did not appear to be a major factor in weight
gain by the marihuana users. These lindings are in

agreement with both anccdotal reports and previous
experimental data that marihuana use is associated

‘with increased caloric intake and weight gain.

Key words: Marihuana smoking — Weight gain —
Experimental setting — Caloric intake.

_Marihuana is commonly believed to enhance food
“inlake in man. Anccdotal accounts of increased food

ingestion associated with marihuana smoking (Siler
et al., 1933; Haines and Green, 1970: Snyder, 1971)
have only recently been assessed in clinical studics
(Hollister, 1971; Williams ct al., 1946).- Hollister
(1971) found that subjects ingested more of a choco-
lale milkshake preparation after 0.5 mg/kg oral dclta-9
THC than after placebo. When offered the milkshake
3 post-drug, marihuana subjects consumed 731 ml
vs. 503 ml ingested by the placebo group. Chronic

¢ Send offprint requests 1o lsaac Greenberg, Ph.D., Alcohol and

Drug Abuse Rescarch Center, Mcl.ean Hospital, 115 Mill Street,
Belmont, Mass. 02178, U.S.A.
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exposure to marihuana (39 days) or pyrahexyl. a
THC analogue. (28 days) was also associated with
weight gain (Williams et al., 1946).

In a recent study, Regelson et al. (1974) administer-
ed delta-9 THC to patients with cancer to determine
if the drug would retard chronic weight loss. In a
preliminary communication, these investigators report
the delta-9 THC appeared to stimulate appetite and
the patients gained weight. However, no data concern-
ing amount of weight gained or calories ingested was
reported.

The present study was part of a larger group of
experiments designed to assess the elfects of chronic
marihuana use on various biological and behavioral
functions (Mendeclson et al., 1974). This report locuses
upon (he influence of marihuana smoking on food
intake and body weight.

METHODS

Subjects. Male voluntcers were recruited through advertisements
placed in local newspapers. Psychiatric and medical examinations
were carried out, and only those subjects in good physical and mental
health were sclected for participation in the study. Twelve ‘casual’
and fifteen *heavy’ marihuana users were studied compared with ten
subjects who scrved as controls. -

Casual uscrs reported a mean duration of 5.3 years marihuana
use with a monthly smoking frequency of 11.5 times, Heavy users
reported a mean duration of marihuana use of 5.6 years and a
monthly smoking frequency of 42 times. Both groups were matched
as closely as possible with regard to socioeconomic background,
intelligence and Tevel of education. Further background information
about the subjects is présented in Table 1.

Ten control subjects were exposed Lo identical ward: conditions.
These subjects had a past history of casual alcohol use and could
work for money or alcohol on the rescarch ward, Control subjects
did not have access to marihuana or other drugs. As Table |
indicates, the backgrounds of the control subjects were comparable
to the casual marihuana users in all relevant respects, During
the study they drank virtually no alcohol (average 1/5 oz. per day)
and therefore qualify as drug-free controls.

Muarilmana. All marihuana smoking had to be done at time of
cigarctte purchase, under the observalion of a stall member.



Tuble 1. Buackground characteristics and previous drug-taking experience: casual and heavy marihuana smokers
Casual users Heavy users Controls
(N =12} (¥ = 15) (N =10)
Mean {(SD) Mcan (SD) Mean (SD)
Age 233 (.0 2 (1.6} 23 (1.5)
Yeurs formal education t4.5 (1.4) 13.6 (1.5) 151 (1.6)
Years used marihuana 5.3 (L1 5.6 (1.9 6.4 2.3
Marihuana use {times/inmo) 13.0 (6.2) 41.0 (26.4) 34 (1.3)
19.9 4.1

Alcohol use (times/mo) 9.3

(8.0)

A detailed report of the experimental analysis of marihuana acqui-
sition and use has been presenied elsewhere (Mendelson et al,,
1972). Unused portions of smoked marihuana cigarettes were
returned to the stafl to insure that ‘roaches’ were not wecumulated
and smoked without stall knowledge. Since studies were carried
out on an inpatient hospital rescarch ward, stafl were able to insure
that subjects did not use drugs other than marihuana.

Cigaretles containing approximately g of marihuana were

obtained from the National Institute of Meatal Health (NIMIT)
in lot standard dosage form, Each cigarctte contained approximately
1.8—2.3% THC as assayed by the NIMH. Actual content analysis
of the marihuana using cthanol-Soxhlet and Modified Lerner
extraction procedures was as follows: cannabidiol, 0.18% £ 0.04%;,
APTHC, 0.002, A*THC, 2.06% 1 0.08%, cannabinol, G.U8Y,
+ 0.012%,
Gueneral Design, The investigation was carried out on a four-bed
clinical rescarch ward of the Alcohol and Drug Abuse Research’
Center at the McLean Hospital. Fach study consisted of three
consecutive phases: (1) a pre-drug 5-day bascline, (2) a 21-day period
during which marihuwana (or alechol for control subjects) was avails
able,"and (3 a post-drug period of 3 days duration. All other
conditions were identical for the marihuanz and for the alcohol
control subjects. :

Food was prepared in the caleteria of McLean Hospital and was
brought to the research ward ‘and served by nurses or mental
health workers. The type and amount of Tood caten was recorded
and caloric intuke caleulated. Subjeets were also permitted 1o choose
their favorite snack Jouds and both the culeteria and snack foods
were supplivd free 1o the subjeets. Body weight was recorded cach
morning at §:00 wm. Urine samples were collected on o 24-h
basis for all the casual and 11 of the 13 heavy marthuana users,

RESULTS

Daily body weight and caloric intake are reported
for the heavy and casual users and the control group.
Changes in body weight and caloric intake during
successive S-day periods of the study were analyzed
with paired r-tests. Comparisons were made between
the pre-drug control period and the first 5 drug days
(study days 6 — 10) and also between the last five drug
days (study days 22—26) and the post-drug phase.
Body weights were obtained at 8:00 a.m. and represent
food consumption during the previous day. Thus,
post-drug body weights are plotted for a 4-day
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(10.0) 6.9

(days 28-—31) rather than a S5-day (days 27-31)
period in Figure 1,

Heavy marihuana users showed a significant
(P < 0.01) increase in caloric intake and body weight
following initiation of drug use (Fig.1). Although
body weight continued to increase during the drug

phase, caloric intake decreased, but remained above

baseline pre-drug levels. Upon termination. of the
smoking phase of day 26, both bedy weight and caloric
intuke decreased significantly (P < 0.01). The number
of marihuana cigaretles smoked per day, displayed
across the top of Figure 1, progressively increased
during the 2!-day drug phase; there was no clear
relationship, however, between the number of mari-
huana cigarettes smoked by any single subject and the
amount of food consumed. In fact, as Figure!
indicates, the highest weight gains during the first
five drug days corresponded to the least amount of
marihuana use (4.29 cigarettes per day).

The casual user group (Fig.2) also demonstrated
increases in both body weight and caloric intake.
Both measures increased significantly during drug
availability and use (P < 0.05) and caloric intake
decreased signilicantly following cessation of mari-
huana use (P < 0.01). However, body weight loss
following cessation of marihuana use did not reach
a statistically significant level. As with the heavy
user group, no clear dose-weight reiationship emerged
for any subject. Once more, the high initial increases
in body weight corresponded with relatively low levels
of drug use (2.02 cigarettes per day).

Control subjects (Fig.3) sustained monotonic
increases in both body weight and caloric intake during
the 30-day study. This pattern is in sharp contrast
to the curvilinear changes seen in both marihuana
groups. Further, the magnitude of weight and caloric
intake changes in the control subjects was well below
that seen in the marihuana groups. Weight gain com-
parisons between cither marihuana group and the
control group were statistically significant. (Casual
users vs. control: f = 4,13, P < 0.005; heavy users
vs. conlrol: 1 = 4.09, P < 0,005.) The control sub-
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- jects continued 16 ingest food in increasingly greater

amounts during the last live days of the study, while
both marihuana groups had significantly depressed
food ingestion levels during this period of time.

To determine if fluctuations in body-weight might
be due to water retention, urine volune output was
plotted as a function ol time and drug phase (Fig.4).
If water retention were a function of drug use, urine
volume output should have decreased upon initialion
of marihuana use and should have increased with
cessation of marthuana use. However, the opposite
phenomena was found in the twelve casual and eleven
heavy users, indicating that increased fluid intake
paralieled increased lood intake.

DISCUSSION

Results obtitined in this study are in agreement with
the findings of others on acute (Hollister, 1971)
and chronic (Willizlms et al.. 1946) ciffects of mari-
hoana use on food ingestion. Hollister (1971} found
that increased caloric consumption associated with
acute delta-9 THC administration could be measured

-39-
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Ih foliowing drug administration. Williams et al.
{1946) Tound that an increase in body weight oc-
curred during a 39 day period of marihuana usc.
Caloric intake, however, only increased in a transicnt
manncr and then fell steadily to below pre-drug
bascline levels. Evaluation of these data is difficult
since the type, content and potency of the marihuana
prepardtion smoked is not specified. Moreover, con-
trol groups were not studied to determine if non-
drug related variables such as experimental selting, .
prison routine, type of food available, eating schedules,
ctc., had any influence on patterns of food ingestion,
In the present study, high caloric intake was recorded
throughout the smoking period for casual users,
but shawed a trend toward a sustained decrease below
initial values for the heavy users. Since marihuana
was aviilable in our study for 21 days'(vs. 39 days
as described by Williams et al., 1946), it is possible
that a longer period ol marihuana availability would
produce an initial increase followed by a depression
of caloric intake.

A possible reason for a relative decrease in caloric
intake after a significant initial increase at the onset
of marihuana smoking may be related to gradual
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development of marihuana tolerance. It is also pos-
sible that the initial increase in food intake at the be-
ginning of the manlumm smoking phasc may have
generated aversive conscquences (e.g.. fear of being
overweight) and induéed subjects to reduce food intake
during subsequent marihuana smoking. In fact, sub-
jects often verbalized their concern about gaining
oo much weight, but when overt dicting was reported,
it began during the 5-day post-smoking period,

Control subjects lgained very little weight as the

siady progressed. Increases averaged just over two

pounds during 30 days and showed a lincar trend.
This phenomena might be expected considering re-
stricted ward environment and the availability of free
food. !

Although there was no clear evidence that mari-
huana use resulted lin marked fluid retention, this
possiblity cannot bc entircly ruled out. Benowitz
and Jones (1975) have recently !cponcd that weight
gain in subjects administered daily 4” THC may have
been due to fluid retention and plasma volume ex-
pansion. Caloric intake was not presented in their
report. The subjects in the present study showed clear
changes in caloric consumption accounting for at least
part of the signilicant weight changes. More detailed
studies of total body water content are now being
conducted (o determine how caloric intake and
changes in body waler influence the weight of mari-
buitna uscrs.

Following administration of either pyrahexyl or
delta-9 THC, rats show a decrease in food intake and
‘m body weight (Abel and Schiff, 1969; Manning
et al,, 1971; Sjoden et al., 1973; Sofia and Barry,

'7"‘. L1

‘tn data analysis,

= 10) and casual (O-—-O) (¥ = 12} user urine volume output as a function of experimental phase

1974). Why marthuana administration depresses food
intake in laboratory animals but elevates caloric
intake in humans remains unknown. Dosage factors
may be as important as species differences. Human
subjects control the amount of marihuana they smoke,
while animals are usually given dosages proportiona-
tely many times greater than those used by humans
(Elsmore and Fletcher, 1972). In the single report of
THC- or marihuana-related weight gain in animals,
rats were first adapted to a deprivation schedula for
150 days and then given delta-9 THC (Gluck and
Ferraro, 1974). Under these conditions, rats consumed
food during their daily 1 h access period in contrast to
non-drug conditions. Thus, long-terin adaptation to
limited food access may be a nccessary prerequisite
for marihuana-related enhanced food infake in ani-
mals. Humans are under no such deprivation schedule,
and the seemingly contradictory results between
humans and laboratory animals may due be to
species differences or to variables which, to ddtc

~ have not been identified.
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Inhibition of a Lymphocyte Memhrane Enzyme by

A®-Tetrahydrocannabinel in vitro

Abstract. Delta-9-tetrohydrocannabinol (8%-THC) inhibited the activity of Iysolaci-

Lipd

I

thin acyl transferase, a membranebound [ymphocyte enzyme, at concenttations
whove 1.3 pM. Stimmlation of aeyl transferase activity by concanavalin A, ai carly
response in lymphocyte activation, was entirely abolished in the presence of A*THC,

Controversy exists as to the effeét of
Atqetrahydrocannabinol  (A%THCY on
the immune system. It has been reported
that lymphocyte activation in vilro cian
be inhibited by A™THC concentrations
as fow as 1.6 pM (/) although this has
been disputed (2), The lipophilic nature
of A*%THC suggests that any such action

T {
would be medinted at the level of the
lymphocyte plasma membrane, and it
has been shown that the early accelera-
tion of phospholipid turnover during
Iymphocyte transformation can  be
blocked by A%THC (3), Other workers
have suggested that later intracellutar
events in the transformation process,
such us DNA synthesis, are the site of
A™THC inhibition (). It is clear from

=42

f Ly
other studies (5) that perturﬁa!ions of
membrane structure by lipophilic sub-
stances may have a profound influence
on intraceliular events' in lymphocyte
transformation. We now describe the in-
hibition by low levels of A%THC of a
membrane-bound lymphocyte enzyme
that normally participates in the cvents
of transformation. Lysolecithin  acyl
transferase (E.C. 2.3.1.23) catalyzes the
formation of lecithin from lysolecithin
and coenzyme A-activated fatly acids.
As such, the enzyme has an importans
role in maintaining or altering membrane
structure, Its level in T (thymus-depen-
dent) lymphocytes is. rapidly increased
by mitogens such as concanavalin A
(Con A) (6). We report here the complete
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Fig. 1. Effect of A~THC cn acyl transferase activity in the presence (A) and absence (B) of Con
A. One millititer of RPMI 1640 containing 107 lymphocytes was incubated at 37°C with 10 ug of
Con A, 10 uM A*THC in 50 ul of dimethyl sulfoxide or Con A and A%-THC for various times as
described in the text. Controls were first incubated with 50 wd of dimethyl sulfoxide only, Acyl
transferase activity was assayed by incubating the cells for 10 minutes at 37°C with 25 amole of
olecoyl-CoA and 15 to 30 amole of [#*Pllysolecithin afler the preliminary incubation peri-
od. The amount of **P radicactivity incorporated into lecithin in controls represents 100 perceat
activity, All assays were performed in duplicate, and the stundard devintion is shown. The differ-
ences were significant (P < ,025) by Suuident's £-test for Con A stimulation at the preliminary
incubation times of 20 and 30 minutes, and for A>-TH( inhibition at 10, 20, and 30 minutes.

inhibition of basal and Con A-stimuluted
acyl transferase activity in the presence
of &4%THC concentrations above 1.3
uM.

Lymphocytes were prepared by gently
homogenizing spleens of mice in Hanks
balanced salt solution with a Teflun-glass
homogenizer. Red blood cells were re-
moved (7). the resultant white cells were
adjusted to 107 cell/ml in RPMI 1640 me-
dium, and their viability was checked by
the trypan blue cxclusion test. Portions
(1 ml) of cells were incubated at 37°C for
10, 29, or 30 minutes or not at all (con-
trols) in the presence of cither Con A (10
pg/mly or 10 uM A®THC in 50 pd of
dimethy! sulfoxide (or both) before the
assay for enzyme activity. Similar tym-
phocyte preparations were incubated for
30 minutes in the presence of various
concentrations of A%-THC in dimethyl
sulfoxide before assay. Dimethyl sulfox-
ide had no effect on enzyme activity at
the concentrations used. Acyl transfer-
as¢ activity was assayed by adding 25
nmole of olcoyl-coenzyme A (oleoyl-
CoA) and 15 to 30 nmole of *P-labeled
lysolecithin ) in 0.1 m! of H,O directly
to the lymphocyte preparation, The mix-
ture was incubated for a further 10 min-
utes at 37°C. Lipids were extracted in
a chloroform, methanol, water system
(i:1:0.8) and separated by thin-layer
chromatography (¢). The extent of acyla-
tion was calculated by comparing radio-
aclivity (counts per minute) detected in
the lecithin band with that in the lysoleci-
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thin band. Controls contained only 80 ul
of dimethy! sulfoxide and were normal-
ized to 10 percent acyl transferuse ac-
tivity, with all other results being caleu-
Iated relative to this value, Viahility
studies based on the trypan blue exclu-
sion tesl indicated thut no significant ef-
fect on the survival of the lymphocytes
occurred during incubation,

Prior incubation for 30 minutes with
Con A gave maximal stimulation of the
cnzyme, and  significant  stimulation
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Fig. 2. Effect of A*THC on acyl transferase
activity, Portions (! mD of RPM!{ 1640 con-
taining 107 lymphocyies were incubated at
37°C for 30 minutes with A%THC in 56 ul of
dimethyl sulfoxide, Acyl transflerase activity
was assayed thereafter by incubating the cells
for 10 minutes m 37°C with 25 nmoles oleoyl-
CoA and 15 10 30 nmoles [#*Pllysolecithin.
The amount of 2P incorporated inlo lecithin
in controls that contained no 3>THC repre-
sents 160 percent activity. All assays were run
in duplicate, and the mean = standard devia-
tion is shown,
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couis be detected at a 20-minute in-
cubation (Fig. 1A). Considerable inhibi-
tion of activity by 10 uM ALTHC oc-
curred in the presence of Con A (7.6 per-
cent activity) or in the absence of Con A
(5.5 percent activity). In the absence of
Con A, A°-THC gave complete inhibition
of activity at 1.3 g and half-maximal
inhibition (K)) at 0.35 uM (Fig. 2). Noin-
hibition could be detected below 0.1 pM.
The 2000-fold excess of substrate con-
centration over the A>-THC concentra-
tion makes it unlikely that the inhibition
is a result of lowered substrate concen-
tration due to interaction of A*-THC and
substratce,

The earliest detected biochemical
events in lymphocyte transformation are
those involving lipid turnover, especially
fatty acid metabolism (/0). These
changes precede the other changes, such
as increased DNA and RNA synthesis
by 16 hours or more (/]). One of the
causes of increased phospholipid fatty
acid turnover induced in iymphocytes by
mitogens stich as Con A, is the increased
acyl iransferase activity (6). This in-
crease in enzyme activity can be abol-
ished by-low concentrations of A%-THC,
and this effect may be responsible for an
observed inhibition of futty acid incorpo-
ration into phospholipids by 10 pM A®-
THC (12). It is of interest that subslances
that increase the fluidity of membranes.
such as decanol, chlorpromazine, 4-chlo-
rophenol, and barbital {/3) will inhibit
acyl transferase activity if present at
much higher concentrations than that of
AVTHC, namely greater than 1074,
This suggests that low concentrations of
ARTHC can induce changes in the lipid
phase of the lymphocyte membrane that
arc inhibitory to the membrane-bound
enzyme.

J. H. GREENBERG
M. E. SAUNDERS
A. MELLORS
Guelpl-Waterloo Centre for Graduate
Work in Chemistry, Department of
Chemisiry, University of Guelph,
Guelph. Ontario, Canada N1G 2W!
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IMPAIRMENT OF ROSETTE-FORMING T LYMPHOCYTES IN CHRONIC
MARIHUANA SMOKERS

Supnir Gurra, M.D., Micuaen H. Grieco, M.D., anp Pave Cusuman, Jr, M.D.

Abstract Rosettes formed by circulating T and B
lymphocyles obtained from 23 healthy, chronic
marihuana smokers were compared with those in 23
normal control subjects who denied marihuana use.
The mean percentage of T cells forming rosettes
was lower in the marihuana smokers (p < 0.005).
Nine of 23, or 39 per cent, had T-cell rosette forma-

OSSIRLE immunologic ellects of chronic ex posure o
marthuana lave not received sufficient attention
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tion lower than 2 standard deviations below th
mean for conirol subjects, The percentages of B
cell rosettes were similar in both marihuam
smokers and the controls. This study suggests sup
pression of a T-lymphocyle subpopulation it
chronic marihuana smokers, (N Engl J Met
291:874-877, 1974)

despite the widespread use of this drug throughout t
world. Previous studies have demonstrated frequent im
munoglobulin abnornulities in populations of narcotic
drug abusers, ™ but cell-mediated immunity has notbeer
examined closely.

Hunnn lymphocytes are divided into two populations
thymus-dependent or T cells, which are responsible for
cell-mediated immunity, and B cells which arc thymusin-
dependent and responsible for antibody-mediated im-
munity, Human T cells form spontancous nonimmune



sosettes with sheep.erythrocytes under appropriate ex-
perimental conditions.t B cells, which have surface im-
munoglobulin,® receptors for aggregated TgGf ind com-
plement components,” form rosettes with heterologous
aythrocytes coated  with antibody and complement.
Peripheral Tand B lymiphocytes may be enumerated with
these rosette-forming technics.

Rosette  formation and  other procedures, which
evaluate the functions of circulating blood lymphocytes.
have been insurmental in improving the understanding
of lymphocyte abnormalities of a wide variety of human
discases® 1 and may be useful in evaluation of cellular
aspects of immunity associated with drug abuse. ‘

Delta-9 tewrahydrocannabinol (THCY is reported 1o
alter cell-mediated immune responses in rodents.’ fna
recent study of 31 voung chronic mavibuana smokers, a
reduction was demonstrated in flymphocyte response in
vitro to allogencic cells and 1o phytohemagglutinin as
compared to those of normal subjects.!* Therelove, we
undertook other comparisons of the arenlating popula-
ton of T and I lymphocyies obtained Trom healthy
chronic marilana smokers with that of pormal sub-
jects.

Susjects anp MEetHODS

Subjects

Twenty-three healthy marihuana users volumeered for the
stucdy. The meanage was 203 # 3 vears{ 2 5.0 16 weremen
and seven women, Twenty-nine per cent reported use of tobaeco
onadaily basis, whercas 87 per cent sutted that they used alcohol
fess than threeiimes weekly, and none admined 1o daily aleohol
use, All but two denied the use ol all other illicit drugs within the
Lt three months, One reported the use of @ somll amount ol a

- substance sitid by the sapplier 1o be lysergie acid dicthylamide
(150) i week helore the study. OF the women Tour weve 1aking
birth convrol pills, wnd one each reported king nudtivitamins,
vitimin G and chilordiazepoxide hydrochloride (Libriam) within
24 hours of the study. A3 claimed and appeared tobe v good
health (in Case 13 a transient upper-respiratory-triet inlection
developed for which she sought medicat advice on the day alter
the inital and 10 days before the repeat study). Noue had
eidenee of sell-administration of injections on physical examina-
tion,

Hecnnse some subjects had abnormal 'f-cell and B-vell rosene
fovmations a vepeat study wis performed on 14, one o three
weeks later. At the same time as the repeat lvmphocyie study, a
hattery of intradermal tests was given with use of imermediate-
strength tabercuding 20 complement-fixing units of mumps, 106
pmicin nitrogen units ol trichophyton, and 100 protein nitrogen
units of candida. "Two others had skin wests without repeat lym-
phocyie studies, i

The controls were 23 healthy hospital emplovees. They were

————re et o ot 4 i e e

28.8 x 7.1 vears of age and included 15 men and cight women.
They denied the use of marihuana, other illicit drugs or the re-
cent use of any medication,

Methods

Urine specimens were obtained from all but six of the mari-
hgns asers, and rested quadivnively for opiites, methadone, am-
phetimines, cocaine. and barbiturates. Peripheral blood was oh-
tined for total lmphoceyie counts and for chemieal screening
1ests with use ol 2-channel AmtoAnalyzer,

Ten milliliters of heparinized venous blood was drawn. Lym-
phocytes wereisolated on Ficoll-Hypaque medium by centrifuga-
tion at 400 X g for 40 minutes. The imterface ring contained
munonuclear cells Grpproxinuely 90 1o 93 per cent lvimphocyies
andd 5 1o 10 per cent monoeytes), These cells were washed three
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times in Hanks's balanced salt solution. Almost 100 per cent of
cells were viable as tested by trypan blue exclusion (only viable
cells form rosettes). The lymphoeyte were adjusted in medium Te
19910 aconcentrationol 1 X 107 cells per milliliter,

Tecell rosettes. 1 cells were assaved by the “active” rosctie test,'®
Fiftv-microliter aliquots ulls‘mphr)q te suspension (1 X 107 cells
per millititer) were added 1o three plasiic tubes containing 50 pl
of gamma globulin-free calf serum  (heat-innctivated and
absorbed against sheep ervthrocytes), This mixture was incubat-
e at 37°C lor one hour. Alter incubation. 30-ul aliquots of sheep
ervthrocytes (concentration 4 X 107 cells per mulliliter) were
addded to cach of the three tubes and spun at 200 % g for [ive
minmutes al voom temperature. The pellet was gently suspended,
Two hundred lymphocytes from each wibe were counted under
phase microscopy with magnilication of 100 1imes, and the
percentage of rosetie-farming lymphocytes was caleulated. A
positive rosette was defined as a lymphocyte surrounded by three
or moresheep erythrocytes.

B-cell vosettes. B cells were assayed for their G, receptors by
madificuion of the rosetie-forming technic of Bincoetal. " Gue-
hundred microliter sliquats of ivmphocyte suspension (concen-
tration 2 % 108 cells per millititer) were added to three phistic
tubes conutining 100 gl of 0.5 per cent trypsinized sheep

ervthrocytes coated with antisheep hemolysin and fresh mouse

serum,

The mixture was cenrifuged for five minutes at 200 x g,
followed by incubawtion at 37°C {or 30 minutes. The pellet was
gently suspended ind lymphocyies were counted as in the T-cell
study.

REesuLts

The percentages of cells forming rosettes under the
conditions of this study are summarized in Table 1. The

Table 1. Enumeration of T and B Lymphocytes in 23 Controls
and 23Marihuana Smokers.

{irour T Lysenocyves (%) * B Lympuocyres (%)
Control 26638 11620
Smakers! 214270 11,6247
F-disiribution significance <0.005 NS

Student’s t-test significance p<.005 NS

*Mean = SD by “aclive™ rosette test, t Absolute lymphocyte count 2159 £ 1037,

fMean 2§D tcomplementreceptor). Mot significanl.

experiment subjects reported using marihuana for at
least 12 months and averaged a duration of 1.0 =24
(mean £ 8.1 years. The [requency per week averaged
3.5 % L9 and varied from one to seven times, The mean
percentage ol Teells forming roscties in the 23 marihuana
smokers was significunly lower than that ol the 28 normal
controls (p < 0.005). Since the normal subjects had values
.mgmg{ flmn 20.3 1o 32.8 per cent and a relatively higlh
standiard deviation, 2 standard  deviations above and
below the mean of the pormal (LLe., 19.0t0 34.2 per cent)
were used as the vange of nm'm;xl. With use of this
critevion, there were nine of 23, or 39 per cent, with
decreased mumbers of T cells as mes muul by the "active”
rosette-forming test Six who had low values initially had
low pereentages in a repeat study. Of cight with normal
values initially, seven were similar on repeat study,
whereas a mnglc patient had a borderline mm.ll value of
T8.5and 16.5 percentonrepeat.
The B-celt sindies showed the 28 marihuanasmokers to
have on the average normal pereentages of B eells (G, ve-
ceptor) forming roseties. However, five subjects hadalow
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pereentage of B-cellvosettes, and three were above the 7.2
to 16 per cent range of normal (2 standard deviations

above and below the mean). The repeat B-cell roscue

study indicaed  good  wgreement with the  initial
stuely. :

‘The results of skin-testing of smokers showed tha
mumps was the most common antigen cliciting a positive
response, being positive o eighit of 16, Five of the 16 had
no positive skin-test reactions to any of the antigens used,
Three ol the cigh with fow pereentages of 'F-cell roseties

were nonreactive, as were two of the cight with normal

percentagesol T-celiroseries,

Routine chemical screening tests by §2-channel Au-
toAmlyzer gave normal results i allmarihuana usersand
controls, except for two of the former, who had ghiamic
oxalacetic vansamipase levels of 52 and 53 mlU per
milliliter. Noue of the marihuana users had dangerous
drugs deteaedinthe wrine,

Discusston

Marihuana contains a number of possibly immunoreac-
tive molecules, including carotenoids, chilorophylls, xan-
thophylls, cugenol, guaiacol, piperidine v several

moleaites inthe cannabinoid series. ' 'The possible role in

allergie sensitzation of the cumabinoids and probably

' PHIC has beenimplicated by Liskow and Parker!? inu pa-

ticut with nasal and plaeyngead provitus, facrimation,
masal congestion, dyvspnea and wheezing immediarely
after smoking a marihuana cigarette. Scratch testing and
passive-transier studies confirmed an immunologic basis
tortheresponse.

Other immunologic changes in mar iuana users were
recently reported by Nadus et al. who Tound evidence of
inhibiton of cell-mediated immunity in THC-treated vo-
clentst® and muvihaana smakers.' Tu the latter study the
incorporation rates of *H thymidine by lvmphocytes were
15,679 = 499 ( &£ S.K.AL) counts per minute in response
w allogeneic cells in 34 and 13,799 £ 169 wih
phytohemagglunnin in 51 chronic unwihuan smokers.
This  value  contrasted  with 26,100 £200  and
23,250 £ 210 in 81 unmatched, older conwvols. In a
separate stucdy in vitro inhibition of phythohemag-
glutinin-induced blstogenesis of normal buman fym-
phocytes was observed with LG 1o 20 uMTHC

Our data suggest an assockhion between chronic
marihuana smoking and decrcased numbhers of a sub-
population of T cells forming “active” rosettes with sheep
erythrocytes, Abnormally low percentages of T-cell-
forming rosettes were found in a sizable number of un-
selected héalthy marihaana smokers. The reproducibility
of the depression in the Iunciion of the 1eeell roseue
was evident in repeat examination in the same pa-
tient,

Although it can never be established what the exaa
drug exposure had been in the marihuoana smokers, the
fuilure fo deteat dangerous drags in the urines of these
subjects lends support 1o their denials of recent use ol
these drugs. Itis possible that there was concealed use of
these or some ather suhxt.uuut.umm,lllc I-cell changes
not detectable in the urinary analytical procedures, 1t is

L6

not absolutely certain that these volunteers actaally con
sumed nnwibuami, However, they all described  the
miture of the raw nuacerials, the psye hu: effects, the styles
of use and (‘ummm of action in terms !ll.ll marihisug
~.moLc:sgcnuAll) use. As far us can be defermined, it can
be assumed that the ;,mup ol persons swudied were
marihuana users and can be considered o have been ex:
poscd 1o the psychivally active snbst.m(cx currently dis
tributed in New York Ciry as marihwis,

Since good correlution has been reported between
spontancons sheep erythrocyte rosente formation with
Branan 1 cells and other I-cell subserved Tunctions such
as mitogen responsiveness'™?® our daw suggest a dis
nwrbance in T-eell function in marthuana smokers. O the
other hand, invadermal testing showed no correlation
between the presence or absence of a positive reaction w
one or more of the antigens used and low or normal
percentages of Teells forming roseties.

H there is a reduction in T-cell function in marihnang
users, there are important clinical questions to be raised,
Cell-medited ity s concerned  with  defense
against viral and fungal infections and immune sur
veillance against tumors. Additional studies of cancer and
intracellnlar infections in marihuana smokers in relation
to Tcell function are wrgently needed in view of the i
creasing prevadence of chronic marihuana users in thi
country., |
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DOSE-RESPONSE RELATIONSHIPS TO CANNABIS '1 '
HUMAN SUBJECTS | ‘

GLENN F. KIPLINGER avp-JOSEPH E. MANNO*

Lilly Laboratory for Clinical Research, Marion Counly General Hogpital and
Indiana Universily Medical Cenler, Depariment of Tozicology and
Pharmacology, Indianapolis, Indiana

Relatively few clinical studies have been reported in which the relationship
between the dose of cannabis and effect has been systematically explored. The
reasons for this are centered around the chemical nature of the drug and uts
varied mode of use. Before the mid-1960’s, there wag general confusion as to the
identity of the pharmacologically active principal of the crude material. Since
that time there is general agreement that at least the principal active constitu-
ent of eannabis is (—)A%frans-tetrahydrocannabinol or more commonly A%
THC. This is, of course, the pyran nomenclature rather than the monoter-
penoid system. Severnl sensitive methods of assay for cannabinols have been
developed, most of these gas-liquid chromtographic procedures. In addition,
synthetic A%-THC has become more available so that studies with better dosage
control have been possible. Thus, most of thls dlscussmn will be derived from
reports of the last 4 or 5 years.

TMwmabwydhmmmwwmmsmmmmmemmwtmthmmapMp
macological difference between oral ingestion and the inhalation of smoke from
cannabis products. These reported differences have clouded the issue of the
overall effects of the drug, but are probably most clearly understood now in
terms of administered dose of active ingredients and their relative rates of ab-
sorption. Walton (8) reviewed most of the pertinent literature up through 1938
and points out the differences between the use of cannabis resin (Hashish) and
smolied cannabis. When writing of the experiences of hashish users, the empha-
sis is placed on the hallucinatory episodes and the long duration of action. On
the other hand, when smoked in the form of marihuana the reports center on
the euphoria, and the more subtle alterations of time and spacefnerception
Implicit in Walton’s review is the concept of dose-effect.

In 1944, the results of studies sponsored by the Mayor’s Comrmttee on Mari-
huana were published (5). A portlon of this report deals with chmcal studies on
cannabis. Doses used were usually 2 and 3 ml of a cannabis extract or three
-to five marihuana cigarettes. An attempt was made to relate observed effects
to the administered dose and in general it was found that larger doses produced
more profound effects. This was particularly true on such pam.meters as static
equilibrium, hand steadiness, and complex reaction time where small doses
produced definite effects and large doses larger effects. On other test parameters
such as simple reaction time and speed of tapping the smaller doses used pro-
duced only slight or negligible effects while the larger doses prochéced definite

|
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impairment, Pulse rate was found to be increased with all doses by either route
of administrafion. These effects cannot, however, be defined in terms of A>-THC
content of the mateTials used. ‘ :

One of the earliest systematic studies on dose-effect relationships with drugs
of this class was not done with the natural products of cannabis, but with one of
the Adams’ compounds. This work was done during the late 1950°s and early
1960’s and has been recently reported in a variety of sources, the most complete
of which is the Army report released in 1070 (7). Sim studied the response of a
number of volunteer subjects to orally administered graded doses of the com-
pound known as EA1476 or DMHP or the 3-(1,°2-dimethylheptyl) analogue
of A% THC, The doses used ranged from 10 to 60 upg/kg. Pulse rates in his
subjects increased and his data show a rough correlation of dose and effect
but with some apparent plateauing at the higher doses (40 to 60 upg/kg). Or-
thostatic hypotension was a prominent finding, but again .was not dose-de-
pendent and in fact seemed more pronounced at intermediate levels. Data on
the effects on psychomotor tests indicated most clearly the anticipated increas-
ing response with increasing dose. Over a range of 10 to 60 pg/kg of EA1476,
there was o definitive increased impairment on the Texas Battery (number
facility and flexibility of closure), the Purdue pegboard (manual dexrerity)
and the Stromberg Alanual Dexterity Test. In all instances, the impsairment in
performance correlated with the anecdotal reports of behavior and mood of
the subjects. .

Isbell et al. {2} reported on studies of dose-response analysis of A-THC in
man with pulse rate and subjective questionnaire data as assny parameters.
In their studies, A>THC was administered both by smoking and by mouth.
When smoked, the drug was loaded on the middle one-third of a tobacco ciga-
rette in alcoholic solution and then dried. For oral administration, the alcoholie
solutions were dispersed in cherry syrup. Appropriate placebos and double-
blind techniques were used. Doses were 50 and 200 ug/kg by inhalation or 120
and 480 ug/kg orally. Their data indicate highly significant, positive dose-effect
relationship on both pulse rate and subjective responses. They were also able
to compare the potency of THC by the two routes and found remarkable agree-
ment between the two assay parameters: With pulse rate, they found the drug
to be 2.6 times as potent when smoked and with subjective response data the
potency ratio was 3.0, smoking versus ingestion. - 4

The doses reported in their smoking experiments were (he{uantities applied
to the cigarettes. Subscquent reports indicate that only 50 % of the THC con-
tent is actually delivered in the smoke (1, 3). It is, therefore, likely that the doses
received in the smoke by the subjects in the study of Isbell et al. (2) were actu-
ally- 25 and 100 pg/kg. The only significance of this observation is that the
THC may be actually five to six times as potent by inhalation when delivered
.dose rather than cigarette content is considered. It would also be of interest to
know how mueh THC remained in the butts of the cigarettes used in these studies.

Weil et al. (9) conducted a study in which the effects of two doses of cannabis
were compared to placebo on several parameters. The portion of their study
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most relevant to this discussion concerns itself with their naive subjects, nine
in number, who received all doses administered. Their chronic users were ex-
posed only to the high dose which is reported as 2 g of cannabis containing 0.9 %
of A-THC. Their low dose was 0.5 g of the same material. The placebo mari-
huana consisted of the outer covering of the stalks of male hemp plants. To-
bacco, placebo and mint leaves were used as fillers in all cigarettes except that
the high dose contained no placebo material.

All cigareties were marked to o uniform length with an ink line and subjf‘cts
were instructed to smoke to this line. Thus, although the cigareties contained
4.5 and 18 mg of THC (low versus high dose), there is no way of knowing the
amount of residual THC in the butt which remained.

More pertinent perhaps is the fact that the data on pulse rate do not indicate
a dose-response relationship. Both high and low dose gave inereases of about
16 beats per min compared to 8 for placebo. In addition, their data indicate
that with the highrdosé the pulse rate had returned to normal by 90 min whereas
with the low dose it had not.

Weil et al. (9) presented data that indicated that their eight chronic users
given a single 2.0 g dose of cannabis had an increase in pulse rate of 33 beats per
min, double that of their naive group. However, the chronic users were not
studied with the same control eriteria of placebo and double-blind conditions.
One possible explanation may be that the naive subjects, in spite of instructions
and observation, inhaled less of the putative dose than did the chronic smokers.
This, however, would not explain the fact that the chmmc users were less af-
fected on psychomotor performance than the naive.

Dozxc-response trends were reported by Weil et al. (9) for both the digit sym-
bol substitution test and for the pursuit rotor in their naive subjects. -

Melges et al. (6) studied the effects of multiple doses of THC administered
orally as a standardized cannabis extraet on mental funetioning. Their doses
were calibrated for A-THC content and contained 0, 20, 40 or 60 mg. These
‘were administered to eight volunteers in a double-blind randomized block
design. Their test procedures were designed to evaluate recent memory function
and temporal organization. Four test situations were reported: digit spm
forward and backward (a straight memory task); serial subtraction by seven’s
which is less dependent on recent memory and more dependent on sustained
attention and long-term memory; and a goal-directed serial alternation (GDSA)
task which depends on retention of recent input, mental coordmatlon and serially
indexing recent memories relevant to a goal.

They found that GDSA was profoundly affected with a dose- dependent im-
pairment in performance. This has been termed “temporal disintegration.”
Dose-dependent impairment in digit span was also demonstrated. On the other
hand, the serial subtraction by seven’s yras not significantly affected; although
their data indicate a tendency toward impairment with inereasing dose. If is
apparent from their data that impairment of recent memory is a dose-dependent
phenomenen,

We have also been concerned with various aspeets of dose- dependent altera-
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tions in performance and in physiological parimeters (3, 4). These studies were
done in collaboration with Dr. Joseph Manno, currently at Auburn University
and Dr. Robert B. Forney. Subjects were male volunteers between the ages of
21 and 30 years. A brief medical history revealed no evidence of disease or of
gross psychiatric abnormality. All subjects were chosen from either cigarette
smokers or marihuana smokers, but none were daily users of marihuana. Also
rejected were those with a history of use of potent hallucinogens.

All marihuana was administered by smoking. The marihuana was of Asian
origin and assaved at 3.8% A-THC content with only a trace of 4%THC. A
placebo was prepared by exhaustively extracting marihuana until no canna-

" binoids were detected by gas-liquid chromatography analysis. This placebo

marithuana was also used to dilute the 3.8% material for preparation of cig-
arettes containing graded doses. Experiments were done which demonstrated
that only 50 % of the THC content of the cigarette was actually available in
the smoke. Cigarettes were, therefore, prepared on the basis of “delivered
dose.”” That is, a cigarette that contained 10 mg of THC was considered a 5-
mg dose. Doses used in our experiments were 2,5 and 5.0 mg in one study
and 6.25, 12.5, 25 and 50 ug/kg in another. In each experiment, a random-
ized block design was used with double-blind procedures; each subject received
each treatment at 1-week intervals.

All subjects were familiar with the smoking process and were asked to inhale
deeply, hold the smoke, and to consume the cigarette within & period of 10 min.
All cigarettes weighed 0.5 g and the placebo was indistinguishable from authen.
tic marihuana by taste, smell or burning characteristics. All were consumed
down to the charred paper by use of forceps to hold the butt, Analysis of the
residue indicated that less than 10% of the THC remained.

In one study, the purpose was to examine both the effects of alcohol-mam-
huana combinations and varying doses of marihuana as measured by THC con-
tent. The parameters measured were pulse rate, subjective effects {Cornell
Medical Index), motor performance on a pursuit meter and verbal psrformance
with delayed suditory feedback. We were able to demonstrate an additive effect
with alcohol in these studies. However, our dose-response relationships were not
as clear-cut on some parameters as had been anticipated. Significant dose-
response curves were developed for pulse rate ﬁ? subjective sensations.
Tigure 1 shows the pulse rates for 12 subjects und different test conditions.
The lower curve is the dose-response curve to THC at doses of 0, 2.5 and 5 mg
delivered in the smoke. The upper curve represents the same doses of THC in
the same subjects, but with a blood concentration of 0.05 % ethanol. Our lowest
dose of THC, 2.5 mg, produced a mean increase in pulse rate of 15 beats per
min above placebo level, ‘

In contrast, our dose-response curves for motor and mental function as
measured. by the pursuit meter and the delayed auditory feedback (DATF)
indicated very little difference between the high and low dose. Thls is shown in
figure 2 which is a summary of the data from four different pursuit ‘neter tests.
The lower curve is the response to 0, 2.3 and 3 mg of THC while the upper curve
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Fic. 1. Mean beart rate of 12 subjects administered doses of (—)AStrans-tetrahydro-
cannabinol {A%-THC) calibrated maribhuana cigarettes. Lower curve, marihuans alone;
upper curve, same doses in the presence of ethanol at s concentration of 0.05% in blood.
(From Joseph E. Manno, Glenn F., Kiplinger, Norman Scholz and Robert B. Forney: The
influence of aleohol and manhuana on motor and mental performance. Clin. Pharmacol.
Ther. 12: 202-211, 1971.)
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F1G. 2. Mean score for 12 subjects on four pursuit meter patterns after doses of (—-)A%-
{rans-tetrahydrocannabinol (A%-THC) administered as calibrated marihuena cigarettes.
Lower curve, marihuans aloue; upper curve, same doses in the presence of ethanol at s con-
centration of 0.05% in blood. {(Sce reference 4.)

is the same only in the presence of alcohol, 0.05 %. Our feeling at this time was
that perhaps there was some plateauing effect, or that our instruments would
not allow the distinction between the two doses we were using. In order to ex-
amine this phenomenon, we decided to extend the dose response analysis to
lower doses and to administer THC on a ug/kg basis. Doses chosen were 6.25,
12.3, 25 and 50 pg/kg with a placebo control. Parameters meaaured were essen-
tially the same except that we added 2 measure of static ethbrmm and the
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Addiction Research Center Inventory for marxhuam effects. These results are
summarized in figures 3, 4 and 3.

Tigure 3 shows both the magnitude and the duration of the eﬁect on pulse
rate. If the rate at 20 min post-smoking is used as the dependent variable against
dose, there is a highly significant linear dose-response curve. Notice that the
duration is also dose-dependent in thiat larger doses have not yet returned to
baseline at the termination of the experiment.

As an aside from the dose-response data, Dr. Thomas Bright working in our
laboratorics has shown that the increuse in pulse rate can be blocked by the
beta-adrenergic blocker, propranolol. The blocker was administered in four di-
vided doses totaling 160 mg during the 24 hr before challenge with a cigarette
calibrated to deliver 25 u/kg of THC. Appropriate control with intravenous
isoproterenol demonstrated that bete-blockade had been established.

Figure 4 shows the data for the pursuit meter on four different patterns.
Again, there is a significant inerease in error score which is linearly depeudent
on dose.

Tigure 5 shows the effect of the same dose on static equilibrium. This is meas-
ured with an electronic device which records sway as electrical counts. Increasing
counts indicate increasing sway. Stability is also measured under conditions de-
signed to remove visual and proprioceptive cues. Thus, there are four sets of
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Fig, 3. Magnitude and duration of the effect of doses of (—)a%rans-tetrahydrocannahi-
nol (A%-THC) on pulse rate. All doses administered to the same 15 subjects as calibrated
marihuana cigarettes. (From Glenn F. Kiplinger, Joseph E. Manno, Bruce E. RodJa and
Robert B. Forney: Dose-response analysis of the !effects of tetrahydrocannabinol in man.
Clin. Pharmacol. Ther. 12: §50-657, 1071.) "
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‘F1c. 4. Mean error score for 15 subjects on four different pursuit meter patterns. Doses
of (—)a%-trans-tetrahydrocannabinol (A%-THC) were adminisiered as calibrated marihuana
cigarettes, Ordinate, error scors is millimeter of deviation {rom a standard trace; abscissa,
dose of A*-THC; roman numersal refers to the four patterns used in the study. All curves
show a significant dose-dependent increase. (See reference 3.)

curves: normai conditions (eye open and fixed for far vision); eyes closed; eyes
open, but with a vibrator on the stand to remove or confuse proprioceptive input
from the fect and legs; and eyes closed with vibrator on. All curves were parallel
indicating no particular sensitivity of one condition over another,

In summary, as one might predict for an active pharmacological substance,
there is a relationship between adniinisterad dose of cannabis, its constituents or
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Fia. 5. Effects of (—)a%-frans-tetrahydrocannabinol (a*-THC) on static equilibrium in
15 subjects. Doses were adminiatered as calibrated marihuana cigarettes, Ordinate, electri-
cal counts as a measure of sway in the standing position; abscissa, dose of A%-THC. See text
and reference 3 {or explanation of the four conditions. All curves show a significant dose-
dependent increase in sway.

analogues, and the response observed. Perhaps the most consistent of these is the
tachyeardia characteristically produced by THC. This has been demonstrated
by Isbell et al. (2) by both oral and inhalatiod routes and by us with the use of
inhalation. Curiously, Weil e¢ al. (9) fdupnd“no such relationship in their naive
subjects even though chronic users did show a pronounced tachycardia with a
single dose of the same material. :

Other parameters for which dose-response relationships have been demon-
strated include: several psychomotor measurements (3, 4, 7); positive responses
on subjective questionnaires (2, 3, 4); mental performance and short-term mem-
ory (3, 4, 6). .

The hallucinatory experiences and transient psychoses produced by these

"
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£

derivatives are also part of the dose-response phenomenon in that they are
generally observed with doses far in excess of those required for euphorigenic
effects.
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Deita-9-Tetrahydrocannabinol: Localization in Body Fat

Abstract. [DCIAR-Tetrahydrocannabinol (A’THC)Y was injected subcutaneously
in rats every day for 1 ro 26 duys. Concentrations of NTHC and its meiabolites,
}1-hydroxytetrahydrocannabinel and 8,11-dihvdroxytetrahydrocannabinol, were
determined in various tissues. A fter a single injection, the concentration of A*THC .
in jat was ten tiines greater than in any other tissue examined, and persisted in

this tissue for 2 wecks. With repeated injection, ATHC and its metabolites
t

accumulated in far and brain.

Previous studies have shown that
[HCJA Y tetrahydrocannabinol (ATHC)
persists in the plasma of man for sev-
eral days after its intravenous adminis-
tration {7} and that, after a single injec-
tion of [THIA'THC to experimental
animals, total radioactivity remained in
fat (2, 3) and brain (4) for several days.
A major metabolite of A'THC, t1-hy-
droxytetrahydrocannabinol (11-hydroxy
THC) (5, 6). is behaviorally active in
animals (5) and humans {7), whereas
8,1 I-dibydroxytetrahydrocannabinol (8-
11-dihydroxy THC) has been demon-
strated to be a nonaétive metabolite
{4, s 8.

Because of the lipophilic nature of
A'THC, its persistence in plasma might
be due to sequestration in and slow
release from fat. In chronic marihuana
users the effects of A’THC might result
from accumulation of AY"THC or an
active metabolite in brain. We now
describe the selective accumulation and
retention of A*THC and its metabolites
in fat after single and repeated sub-
cutancous doses of [HCJAYTHC to rats.

Female Sprague-Dawley rats weigh-
ing 150 g were injected subcutaneously
just below the scapula every other day
'with 14 ul of an ethanol solution (1

55~

mg/ml, 17.5 pe/mg) of [MCIATHC
(9). Forty-four hours after 1, 3, 6, 9,
or 13 doses of the THC solution, four
rats were decapitated, The brain, lung,
and parts of the liver and perirenal fat
pads were homogenized, and the
APTHC, 11-hydroxy THC, and 8,11~
dihydroxy THC were scparated and
measured by extraction mzo heptane
of various pohmlcs (10).

There was a tenfold greater concen-

tration of APTHC in fat than in the

other tissues (Fig. 1A), and there was
a fourfold increase over the initial con-
centration in fat with repeated injection.
In brain A’THC could not be detected
at day 2, but by day 7 could be
measured (0.37 ng per gram of tissue),
and this concentration doubled by day
27. ' .
The accumulation of [1-hydroxy
THC, the active metabolite of A*THC,
shows a similar distribution (Fig. 1B)
except that its concentration in fat, ale
though higher than that for the other
tissues, was less than that of AYTHC in

fat. In brain, Il-hydroxy THC was un- .~ .

detectable at day 2 but by day 27

reached a concentration ' of 045 ng a

per gram of tissue,
The accumulation of 8 ﬂ-dnhydrow




Nanograms per gram of tissue

THC (Fig. 1C) 5 similar except for
fivefold greater accumulation in liver
than in Jung; 8,11-dihydroxy THC has
been shown to be formed readily in
vitro in fiver but not in lung (/7).

" 'The retention of A'THC and s
metabolites in fat (Fig. 1D) and the
other tissues was examined by injection
of a single dose of [MCIAYTHC and

_analyzing the tissues periodically over

14 days for A"THC and metabolites.
An approximate half-life of S days was
found for A®THC in fat, while [1-
hydroxy THC and &,11-dihydroxy THC
persisted in smaller amounts over 14
days. In liver small amounts (0.44 ng
per gram of tissuc) of AYTHC and its
metaboliles were present for 14 days,
while In lung similar amounts were
present for 2 days only.

Estimates were made of the residual
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20r  Accumulation of
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sk C !
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unidentified  polar  metabohlites  72).
After 13 doses of [MCJAMTHC, there
were negligible amounts in brain, small
amounts in fat (0 to 5 ng per gram of
tissuc) and lung (3 to 10 ng per gram
of tissuc), and large amounts (30 to 60
ng per gram of tissue) in liver. The
amounts of polar metabolites accumu-
lating in liver and lung were greater
than the sum of AYTHC, ll-hydroxy
THC, and 8,1 I-dihydroxy THC in these
tissues.

The disappearance curve for AYTHC
in the plasma of man (/) and of total
radioactivity in rats (2) shows an initial
rapid decline (hall-time of minutes)
after intravenous administration fol-
lowed by a long slow phase (half-time
of days), suggesting that APTHC is
rapidly taken up in tissues or metabo-
lized or both. Since the disappearance

Accumulation of
[*¢] 11—hydroxy THC

B

5 b , - -
! . lljwer / /"A‘\.\ Liver
::c,ax<::ii::::::::::::"B?:i ;iif:;f/’“““ T Lung
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Persistence in fat of /\% THC

and metabolites

11 ~hydroxy THC
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Time {days)

}:‘ig. L. The distribution of A"THC, [f-hydroxy THC, and 8.11-dihydroxy THC In rat
tissues after repeated subcutancous doses of PCJYTHC. (A to C) The [""ClA°THC was
given every other day for the stated number of days. (D) A single dose of [“CJA"THC
was given, and tissues were examined al the times indicated. Resulls are expressed as

mean =+ standard error of the mean for four

i

animals at each time point.
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"A'THC. The importance of fatl

curve for totul metabolites is #
phasic (f), and A°THC is p
plasma for a week after a single %%
dose (1), it is probable that '
sequestration, especially in fat, lf" '
dominant role in the dispositios

tion of drugs in explaining theif -
tion of action has beecn shov?
drugs such as thiopental (/3),
mine (14), and DDT (I5). Thess C§;
show a similar biphasic disappeal
curve from plasma, a high localis
in fat, and a comparable rate of
cumulation in fat with repeatc{i :
ministration. DDT reaches makieg
levels in fat of man after 1 yo&§
the normal amounts fouad in food!
If the period of injection of ATTHCH
been extendad over a longer time: #
plateau for AYTHC accumulation #1 |
might reach a much higher valu &
that reported in Fig. 1A, With s %
tion, DDT concentrations incteﬁ“g
rat brain because of mobilization {;‘c&
fat stores (/7). 1t would be of i
to study this phenomenon in g
chronic marihuana users who Kﬂ?%
fiashback (18). o
Davip S,
JuLiug AXEL

Laboratory of Clinical Scienct,

i

" National Institute of Mental Health. |

Bethesda, Maryland 20014
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Phytohemagglutinin-Induced Lymphocyte Transformation Iizn o

Humans Receiving A%-Tetrahydrocannabinol
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Abstract. Eichr otherwise healthy maie chronic marijuana smokers were hospual‘
ized for a period uf 30 days. Initially they received placebo, then a sustained dose of
210 mifligrams of & -tetrahvdrocannabinol (& -THC) per day for 18 days, Sollowed by :
placebo. Lymphocyte responses 1o phytotiemagglatinin were examined during each
of these periods. Neither the daily ingestion of marijuana extract containing 210 milli-
grams of 8-THC for I8 daxs nor the history of chronic marijuana smoking had a
depressive effect on the vmphocyte responses of :hese subjects 1o phymf:emagg{uu-

nin.

A controversy vurrently exisls regard-
ing the status of cell-mediated immunity
in otherwise healthy marijuana smokers.
Nuhas er al. (1} reported that in vitro
blastogenic responses to phytohemag-
glutinin (PHA) and allogencic cells in
chronic marjjuana smokers were de-
pressed by 40 percent, bringing them to

“levels seen in patients with cancer or ure-

mia or transplant recipients with iatro-
genic immunosuppression. Although this
work has not been directly confirmed,
Gupta et al. 2) found a 5 percent mean
decrease in thé rosette-forming capacity
of lymphocytes from chronic marijuana
smokers, supporting the concept of a T-
cell defect. By contrast, Silverstein and
Lessin () noted no difference between
chronic murijuana users and normal con-
trols us evaluated by in vivo response to
skin sensitization with 2 4-dinitrochlore-
benzene, a technigue for determining the
functional integrity of cell-mediated im-
munity. Most recently White and co-
workers (¢) have reported that they
could find no significant difference be-
tween the blastogenic responses of lym-
phocytes  from  long-term  marijuana
smokers and matched control subjects in
response to the mitogens PHA and poke-
weed. This is in direct conflict with the
earlier report by Nahas er al, (). under-
scoring the need for further investigation
of this subject. A recent report indicates
that oral  delta-9-tetrahydrocannabinol
(A%THCQC) is an effective antiemelic in
patients receiving cancer chemotherapy
(5). The use of A%THC in these patients
would be undesirable if it contributed sig-
nificantly 10 immune suppression.

A mujor problem in interpretation of
these studies has been the experimental
vitriation introduced by the use of chron-
ic marijuana smokers who smoke materi-
al of unknown potency at unspecified
times in a nonregulated manner. The pur-
pose of this study has been to compare
the PHA-Induced blastogenesis of nor-
mal human subjects and subjects receiv-
ing a known quantity of A*-THC, the ma-
jor psychoactive component of mari-
juana, at scheduled time intervals under
carefully controlled hospital conditions.

-57-

Eight male volunteers between the”
ages of 21 and 30 were selected for this
study. They were part of an exiensive ;
study of many marijuana effects. All
were regular marijuana smokers (me.m
frequency of 13.5 marijuana cngarcttes~
per week for an average duration of 3.5
years). They denied the regular use of
drugs {other than alcohol and tobacco).
particularly narcotics, barbiturates, and
amphetamines. A complete medical his-
tory und physical examination confirmed
their good mental and physical health.
Subjects were asked 1o refrain from ali
drug usage for 1 week prior to admission
to the Clinical Research Ward of Lang-
ley Porter Neuropsychiatric Institute in
San Francisco, California. They were
then admitted in groups of two and kept
under constant observation for the 30 .
days of the hospitalization period,

Each subject received a capsule con-
taining either placebo (0.2 ml of ethanol)
or drug (a crude marijuana extract in 0.2
mi of ethanol, recently assayed for AP
THC content) (6) every 4 hours during

the entire hospitalization period. Placebo .

was given in a double blind situation to
all subjects for the first 6 days. wnng
which time baseline data were acquired.’
Then vapidly increasing doses ‘of drug
were given until a maximum of 210 mg of
APTHC per day in divided 30-mg doses
was reached. This dose level was main-
tained for 18 days, followed by an abrupt

switch to placebo for the remaining 4

days of hospitalization. [n addition to the
oral doses, all subjects smoked a g’

marijuana cigaretic just before dnd on '

the last day of prolonged oral adm:mstm—
tion. Blood samples were drawn for lym- .

phocyte cultures during the initial pla-'";;

cebo penod just before the drug was .
started, at the end of the period .of pro- “
longed drug administration, and at the |
end of the final placebo period. The con-
trol subjects were aged 21 to 50 years

B

and were recruited from laboratosy staff . -

and friends, Most had never used can-':

nabis and none had any in the previous 6

months. They all were "in excellent
health. :
Blood samples were drawn wnh 10
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Fig. |. The lymphocyte responses to phytohemagghatinin for cight patients on the drag protocol.
Sampling time No. 1 is at the end of the initial placebo period. sumpling time No, Y is al the end
of the period during which the subjects received 210 mp of M-THC per day, and sampling time
Mo. 3 is after rupid withdraowal of the drug. {n ¢ach graph the dotted line represents the mean,
and the shaded area = 2 standard deviations (S.D.). for normal control lymphocytes tested
simultancously with the subjects’ lymphocytes (V = 15). The solid line is the mwean for the
subject group with the vertical burs representing < 2 8 1) The dashed line in the lower part of
the first graph is the PHA dose-response curve of lymphacytes from a renal transplant patient on

immunosuppressive drugs.

units of preservative-free heparia per mil-
liliter and processed according to the
method of Mangi and Kantor (7} for
short-term storage of human lympho-
cyles prior (o in vio stimulation. Sub-
ject and control samples drawn at the
same time were coded. packed together
in the same insulated cartons with no re-
frigerant, and shipped via air express to
Ann Arbor Tor the lymphocyte studies.
Cultures  were  established  within 24
hours of venipunciure. Lymphocvie sus-
pensions were prepared by separation on
a Ficoll-Hypaque gradient (density 1.077)
and lymphocyte incubations were estab-
lished by a modification of the micro-
culture system described by Thurman ef
al. (8). Each culture contained 1 ~ 1P
lymphocytes in 0.2 ml of medium 199
{Grand Island Biclogicud) contitining pen-
icillin, streptomycin. amphotericin B,
and giutamine plus 25 percent serum, ci-
ther autologous or homuologous, Dose-re-
sponse curves to PHA (phytohemaggiut-
nin-P, Difco} employed triplicate cul-
tures at seven doses ranging from 0,03 to
50.0 ug/ml. The cultures were incubated
at 100 percent humidity, 37°C., 97 percent
air, and 3 percent CO, for 66 hours, at
which time 0.2 uc of [PH}thymidine, spe-
cific aclivity 23 ¢/mmole (Nuclear Dy-
narmics), was added. After an additional 6
hours of incubation the cultures were
harvested with a multiple automated
sample harvester and counted in u scintil-
lation counter. Lymphocyie blasiogen-
esis was measured by the incorporation
of PHlthymidine into DNA and cx-
pressed as the average number of vounts
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per minute per culture. Dosc-response
curves of the subjects and controls
cach sampling time were prepared by us-
ing geometric statistics (9).

These results are shown in Fig. 1. The
dose-response curves of six subjects for
whom complete data were available for
all three time intervals were compared
by snalysis of variance o the dose-re-
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Fig. 2. Lymphocyte responses 1o phytohe-

magglutinin (PHA)Y in seven chronic maris
Juanu smokers. The dotted line represents the
miean and the shaded area 2 8.0, for nor-
mal controls in this lnboratory. The solid line
represents the mean and the vertical bars = 2
5D for chronic murfuana smokers whose
Iymphocytes were studied 8 1o 72 hours after
smoking marijuuana.,
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sponse curves of six conlemporancous
controls. The controls were selected ran-,
domly from a pool of {5 controls (10).
There was o statistically significant
(F = 05y higher unstimuluted back-
sround count at times 2 and 3 during and
shortly after high doses of A™THC.
There was a  statistically significant
increased response 1o PHA at all doses
during and immediately after high doses
of A-THC (P =< .0005). but this effect
was abolished if the data were normal-
lized to account for the higher back-
ground counts of the subjects, At all
time periods the response of the sub-
jects to a very low (0.05 ug/ml) dose of
PHA is greater (P < .05) than that of nor-
mal contyols. This increased response
perststs when the data are normalized te
account for the higher background
counts. The awmalysis clearly indicates
that at very low doses of PHA the sub-
jects had enhanced responses. The re-
sponses o PHA in total ure statistically
increased in the subject group, afthough
we are unwilling to assign any biologic
significance o the small differences ob-
served. The results obtained on'lympho-
evies from a kidney transplant patient
whose blood was coded and shipped
along with the subjects” lymphocytes are
included in the graph to illustrate the
magnitude of suppression of lymphocyte
response  seen with  potent  immuno-
suppressive agents.

Na differences i the blastagenic re-
sponse were observed when the sub-
jeets” lymphocytes were incubated in
hoemologous type AB® serum as com-
pared o autologous serum.  Further-
more, in cxperiments not shown, no al-
teration of the response of normal lym-
phocytes was seen when serum from
paticnts recetving 210 mg of A%THC per
dav was added to the supporting medi-
um, We conclude from these observa-
tions that (i) these chronic manjuana
smokers had evidence of an increased
lymphocyte response to a sshoptimal
stimulating dose of PHA; (i) no evidence
of depression of Iymphoceyte responses
to PHA could be ascribed to their prior
marijuana use or to oral A*THC adminis-
tration: and ¢iii} the serum of these sub-
jeets did not inhibit the blastogenic re-
sponse to PHA of normal lymphocytes.

In the absence of a sensitive and practi-
cal assay for A%THC serum levels, and
hecause our duta are from subjects re-
ceiving ora! cannubis rather than smok-
ing marijuana, the following observa-
tions are provided 1o confirm that ade-
quiatte drug absorption does occur via this
route. The usual cardiovascular effects
following a single marijuana cigarette are
tachycardia and peripheral vasodilata-

SCIENCE. VOL. 192

'


http:normaliz.ed

-50-

-

tion (/1). After continuous administra-
tion of A=THC, however. the initial tachy-
cardia was followed in some subjects
by bradycardia. In this group of subjecis
the mean pulse rate was 60 per minute
for the first 8 days (placebo period). rose
to 66 per minute on the first day of can-
nabis admihistration. and dropped to a
fow of 54.3 per mintile after 12 days of
drug administration. Other cardiovascu-
lar effects consistent with A%-THC in-
toxication (/2) included a fall in mean
systolic blood pressure of 14 mm-Hg, a

fall in mean diastolic blood pressure of

17 mm-Hg, and an associated weight
gain which averaged 4.54 kg per subject
during the first 16 days of drug adminis-
tration. The weight gain, due to fluid re-
tention, was lost within 48 hours of stop-
ping drug administrationn, Typical mari-
juana effects were also noted by changes
in clectroencephalograms,  autonomic
nervous system, perceptual motor tasks,
endacrine system functions, and ward
behavior. The participants reported sub-
Jjective feelings of intoxication during the
period of drug administration. Other cx-
periments with similar subjects have
shown that ATHC given orally pro-
duces a near complete cross-lolerance to
single acute doses of smoked marijuana
administered at various points during the
oral dosage schedule (/2).

An additional seven chronic marijuana
smokers were studied. This group con-
sisted of males and females aged 20 10 26
years. The group averaged 4.7 marijuana
cigarettes per week with a mean duration
of smoking of 4.6 years. The blood sam-
ples were drawn § to 72 hours after the
Inst use of marijuana. Controls consisted
of non-drug-using laboratory personncl
in the same age range. Control and exper-
imental lymphocytes were cultured at
the same time. As indicated in Fig. 2, the
mecan PHA responses of marijuana
smokers fell well within the normal
range. These resulis are in agreement
with those' found in the hospitalized
gronp and with those of a similar study
reported by White and co-workers ().

In summary. in otherwise healthy
chronic marjjuana smokers, eight of
whom were observed under controlled
conditions and given pharmacologic
amounts of 4> THC, normal lymphocyte
responses to PHA were observed.

R. Jant Lau, Davip G, TUBERGEN
Mason BARR, Ir.
Epwarn F. Dosino
Departments of Pediatrics and
Pharmacology, University of
Michigan, Ann Arbor 48109 ..

N. BENowITZ, REESE T. JONES
Departmment of Psychiatry, University of
California, San Francisce 94143
21 MAY 1976
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MINIREVIEW
THE PHYSIOLOGIC DISPOSITION OF MARIHUANA IN MAN
Louis Lemberger and Alan Rubin

Lilly Laboratory for Clinical Research
Lilly Research Laboratories
and the
Departments of Pharmacology and Medicine
Indiana University School of Medicine
Indianapolls, Indiana 46202

Marihuana and hashish are the most widely used illicit drugs.
They are derived from the hemp plant, Cannabis sativa. Among the
diverse chemicals in the plant, more than 20 so-called cannabi-
noids have been isolated and their chemical structures elucida-
ted (1). In 1965, Mechoulam and coworkers (2,3) isclated a9-
tetrahydrocannabinol (A%-THC) from cannabis extract and demon-
strated that it was responsible for the psychopharmacologic
effects of cannabis in animals. Later, Isbell (4) and Hollister
et al. (5) confirmed these findings in man. This paper reviews
The physiologlc disposition of AS-THC in man; the disposition of
A9-THC in animals has been reviewed elsewhere (6,7,8).

Absorption

Various vehicles for the oral administration of A%-THC have been
studied extensively in man (9). H3-A9-THC was either dissolved
in sesawe oil or ethanol, or was emulsified in 5.5% sodium glyco-
cholate (a bile salt). Volunteers who ingested these prepara-
tions reported an Intense and unpleasant psychological '"high"
when sodium glycocholate and sesame oil were used as the vehicles
for A9-THC, whercas they reported a moderate and pleasant high
when ethanol was used as the vehicle. The "high' reported after
A9-THC in sodium glycocholate appeared 15-30 minutes after
administratiou, compared to 60 minutes when sesame oll or ethanol
was the vehicle. Plasma levels of total radiocactivity were con-
siderably higher and of longer duration after the sesame oil and
sodium glycocholate vehicles than after the ethanol vehicle, and
appeared to parallel the psychologic high, The radiocactivity in
bYood rose most rapidly and reached the highest levels when ’
sodium glycocholate was the vehicle. This correlated well with
the intensity of observed and reported drug effects, The radio~
activity in plasma rose most slowly and achieved the lowest peak
level when ethanol was the vehicle. Others have reported that
30~95% of 'a dose of A9-THGC is absorbed from the gastrointestinal
tract after oral ingestion of this drug dissolved in ethanol (5,
10,11). 1In these studies, the plasma levels of total radio-
activity increased slowly and reached a peak at the time when
maximal psychologic effects were reported (3 hours).
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i Isbell (4) compared the effects of A9-THC in man after giving the

' drug via the pulmonary and oral routes. 1t was necessary to
administer about three times as much drug orally to achieve the
same psychologic effects as after inhalation and he suggested
that more efficient absorption via the pulmonary route might be
an explanation. 1In support of this suggestion, Lemberger and

, coworkers (10,12) reported higher initial plasma levels of radio-

‘ activity after subjects smoked marihuana cigarettes containing
14C-A9-THC than after oral administration of equivalent amounts
of this radiocactive compound.

Distribution

.About 80-95% of Ag-THC becomes bound in vitro to human plasma
proteins, predominantly thosé in the TIpoprotein fraction (13,14).
A metabolite of A9-THC, 11-OH-p9-THC also binds to plasma proteins
(94-99%) (15), but interestingly it becomes bound primarily to
both the albumin and «lipoprotein fractions.

In man, Lemberger et al, (16,17) investigated the plasma concen-
trations of intravenously administered l4C-A9-THC. 1In volunteers,

+ who claimed no previous exposure to cannabis, A9-THC disappeared
rapidly from plasma during the first few hours; then, it dis-
appeared more slowly. The apparent half life of AI-THC was esti-
mated to be about 56 hours. The initial, rapid phase was
attributed to distribution of A9-THC from the intravascular com-
partment to the tissue compartment, as well as to metabolism and
excretion of the compound. When this study was repeated in sub-
jects who had smoked marihuana daily for at least one year prior
to the experiment, a biphasic plasma disappearance curve was ob~
served again. However, the apparent half life of the drug was
estimated to be only 27 hours. There were ng group differences

, in the apparent volumes of distribution of AS-THC. Except for

: the fact that one group smoked marihuana chronically, the sub-

| jects were -similar with respect to age, weight, and cigarette

: (tobacco) smoking habits, It Sppears that a constituent of the

1 marihuana cigarette (whether AZ-THC itself, another cannabinoid,

, or a polycyclic hydrocarbon) is absorbed during the smoking pro-

) cess and Induces enzymes that catalyze the disappearance of

A9~THC from human plasma.

In marihuana smokers, A9~THC disappears from plasma similarly
after inhalatlon and after intravenous administration (10,12,18),
A9-THC and its metabolites were detected in human plasma for at
least three days after single-dose administration of A%-THC by
either route, These findings suggest that A9-THC and its metabo-
lites are stored in human tissues for prolonged periods. Indeed,
the persistence of this drug and its metabolites in the tissues
' has been reported in animal studies. High tissue concentrations
| of A9-THC would reflect its marked lipid solubility as well as
! binding to tissue protein, Furthermore, in man a high degree of
' penetration of A9-THC into tissues is indicated by an absurdly
large apparent volume of distribution, about 500 liters (11).
However, when one considers the distribution of total radiocactiv-
%EX after l4C-pA9-THC administration, the apparent volume of
istribution approaches that of the total body water (about 50
liters), This suggests that the metabolites of AY-THC are con-
siderably less lipid soluble than the parent compound and are not
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sequestered in tissue to any great extent. The marked sequestra-
tion of A9-THC in animal tissues is of particular interest be-
cause the highest concentrations of A9-THC (and its metabolites)
are found in the lung, that organ which receives the initial drug
"bolus' when smoke is inhaled by man from a marihuana cigarette.

Metabolism and Excretion of Tetrahydrocannabinols

After the intravenous administration of 14C-A9-THC to man, 11-OH-
A9-THC represented about 20% of the administered dose of radio-
activity recovered in the feces, and the 8,ll-dihydroxy compound
represented slightly less (11,19). Also present in feces were
polar metabolites that perhaps were conjugates of the hydroxy-
lated metabolites. Human feces did not contain detectable amounts
of acidic metabolites of A7-THC (11).

About 20-30% of the radioactivity from a dose of l4c.A9-THC
appears in human urine after oral and intravenous administration;
essentially all this urinary radioactivity is in the form of
metabolites of A9-THC. Only about 5% of the urinary radicactivity
was attributable to 11-OH~-A”-THC (16). About 90% of the urinary
metabolites were polar and acidig¢. These are characteristics of
1l-carboxylated metabolites of A7-THC found initially in rabbit
urine (20), and later identified in human urine after A9-THC
administration (19).

After the intravenous administration of 14C-29-THC to human
marihuana abstainers, 67% of the administered dose of radiocactiv-
ity was excreted in one week (22% in urine and 45% in feces) (16).
In chronic marihuana smokers, 71% of the total dose was recovered
in the excreta, but a significantly greater proportion nf radio-
activity was excreted in urine compared to the nonusers (17).
Similar patterns of A9-THC elimination were reported after oral
administration to chronlc users (9,10). '

The rate of elimination of A9-THC from different species appears
to correlate well with the plasma half lives of the drug; for
example, in rabbits the half life of the drug is short and it is
rapidly metabolized and excreted; whereas in man the half 1ife of
AS-THG is long and it is metabolized and excreted more slowly.

11-0H-A%-THC is formed rapidly from Ad-THC in man, appearing in
plasma within 10 minutes after the intravenous administration of
A9-THC 516). After the intravenous administration of tritiated
11-0H-A7-THC to infrequent marihuana users, the drug disappeared
from plasma in a biphasic fashion with an apparent half life of
about 22 hours (21). The physiologic disposition of 11-OH-p9-THC
and A9-THC are similar. The 8,ll-dihydroxy is a metabolite of
both A9-THC and 11-OH-A2-THC. Also, both the 11-OH-aA%9-THC and
8,11-dihydroxy compound are eliminated primarily via the feces
(19,22)." When 11-O0H-A%-THC was administered to man, about 22%
was excreted in grine and 507 in feces. In addition, the metabo-
lites of 11-0OH-A7-THC present In human urine and feces were both
qualitatively. and quantitatively the same as those seen afte
AS-THC administration (19,22),. '
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Is the Pharmacolopic Activity Due to Ad-THC or an Active Metabolite?

In chronic cannagis smokers, indirect evidence suggesgs that
metabolites of A“-THC may be partly responsible for A7-THC agtiv-~
ity (10,11,12,23,24,25)., After the oral administration of A7-THC
and gt the time of peak psychologic effect, plasma concentrations
of A7-THC are low compared to concentrations of its metabolites.
At equivalent plasma concentrations of A9-THC the pharmacologic
effects observed after oral administration exgeed those seéen
after rapid 1.V. administration (11). When AZ-THC was inhaled,
its concentration in plasma was initially high, but it was the
concentrations of the metabolites in plasma that showed a tempor-
al correlation with the psychologic effects.

Although in man the plasma concentrations of 11-0H-A2-THC were

reportedly lower than those of other metabolites of AI-THC (9,16),

plasma concentrations may not necessarily reflect concentrations
in brain. For example, in mice, the concentrations of 11-0H-p9-
THC in brain are about eight times those in plasma (26). Ryrfeldt
et al. (27) alsg reported a greater tendency for the ll-hydroxy
metabolite of AY-THC to distribute into mouse brain and other
tissues compared to A9-THC itself. Likewise, Perez-Reyes et al.
(28) reported that 11-OH-A%-THC penetrated the brain of mice Four
times faster than A%-THC.

Recent studies by Lemberger and coworkers (21,22) provide evidence
that 11-OH~AY9-THC may play a direct role in the actions of A”-THC
in man., After the intravenous administration of 1 mg of either

11~0H-79-THC or A9-THC, there was a marked increase in subjective .

symptoms, a pronounced psycholggic '"high', and a marked tachycar-
dia. The effects from 11-0H-A9<THC were rapid in onset and were
about twice the intensity of .an equivalent dose of A9-THC. The
finding that the metabolie fate of 11-0H-A%-THC was both quanti-
tatively and qualitatively similar to that geen after the adminisg-
tration of A9-THC suggegt that after the administration of
marihuana or hashish, A”-THC 1s rapidly converted in man to 11~
OH-A9-THC which is responsible in part for the psychopharmacologic
effect. Holligter (29) also studied the activity of intravenous-
ly administered 11-0H-pA%-THC in man and found it to be about 1.25
times more potent than A7-THC. Perez-Reyes et al. (30) also’
found 11-0H<A9-THC to be active in subjects after a slow intra-
venous infusion (1 mg/5 min); however, they did not observe major

differences in potency between A9-THC and the 11-0OH compound.

Perhaps the different techniques used in these studies, particu-
larly the rates of drug administration, are responsible for the
differences between these and the above-mentioned findings.

Summary and Conclusions

In the past, it has been difficult to detect A9-THC (or cannabis)
in biologiec fluids and excrement of humans after the usage of
marihuana. Among the reasons for these difficulties were: 1)
the low dose of drug used to produce the desired psychologic
effects in man; 2) the low plasma concentrations due te a high
degree of distribution into tissues; 3) predominant excretion of
A9-THC via the feces, whigh is not assayed routinely; and 4) the
extensive metabolism of A?-THC such that very little unchanged-
drug appears in urine., In addition, the excretion of high

-63-

res—



Vol. 17, No. 11 Physiologic Disposition of Marihauna in Man 1641

concentrations of an acidic metabolite of A9-THC has made it
difficult to selectively quantitate A9-THC in urine. 1In recent
years the availability of l4C-labeled A%-THC and the development
of sensitive and specific methods (GLC/mass spectroscopy) for the
detection and quantitation of this drug and its metabolites have
led, to significant progress in the elucidation of the physiologic
disposition of this compound. 1In brief, A9-THC appears to be
readily absorbed from the lung when inhaled in smoke from a
marihuana cigarette. Once absorbed, the drug may become bound to
plasma lipoprotein as well as to tissua protein. a9-THC is
metabolized by the liver to 11-OH-aA7-THC, 8,11-dihydroxy-s9-THC,
l1-carboxylated compounds, and other unidentified polar compounds.
The 11-0U-AY9-THC has been implicated as a pharmacologically active
metabolite of A9-THC. The parent drug and its hydroxylated
metabolites are eliminated from the body via the feces and, to a
lesser degree, via the urine.

The continued development of methods for the precise measurement
of the cannabinoids in biological specimens should eventually
permit identification of other metabolites of A9-THC formed by
man, Also, it should be of some interest to assess the potential
interactions between A9»THC, its metabolites, and unrelated drugs
that may share common pathways of metabolic disposition. For
example, it would be important to know whether chronie use of
A?-THC alters the disposition (hence the pharmacologic/toxicologic
effects) of commonly used therapeutic agents (or other drugs of
abuse) that are eliminated metabolically.
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Marihuana: Studies on the Disposition and " -
Metabelism of Delta-9-Tetrakydrocannabinol in Man v

. Abstract, A9_-Tetrahydrocannabinol (the major active component of m‘arihua;zég
‘administered intravenously to normal human volunteers persists in plasma_for: :
more than 3 days (ty,, =56 hozfu-s)..lts metabolites appéar in plasima within 10
minutes after administration and persist along with the precursor compound: Z}";-
he radioactive:mé-

Tetrahydrocannabinol is compleiely metabolized in man, and t

. tabolites are excreted in urine a_fnd feces for inore than 8 a‘d?:s. o
Marihuana and hashish are Igsycho-‘ drocannabinol {A’THC). Until 'recent
active plant materials prepared from ly there has been little infcrmatiqq b

. Cannabis sativa. The active component  garding the metabolism and dispositiopf "
of Cannabis in animals (7) and in man of APTHC because of the diﬁicultj'i:;"
‘(2) has been reported to be A'-tetrahy-  synthesizing and ‘éﬁsaying thi‘s_”:' com-
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' ?pound." The;_ avaxlablhty of 1C-labeled
»,‘A”THC of relatively high specific ac-
ftivity has made possible studies of its
. physnolooac disposition and metabolism
» 7w+ Lin rabbits (3) and rats (4). Howcver,
‘ istudies on thé physiologic disposition !
-and metabolism in man have not been
' ireported. We now report the levels of
A“THC in plasma after its intravenous'
m}cctxon, its retention in body storcs,
£and the excrenon of its metabolites in
‘mard;
": Three normal volunteers (one male

‘and two females) betweén the ages of

118 and 22 who professed no previous
.« - exposure to Cannabis (5) were |given
' *0.5 mg of [MCJA®THC (6) intravenous-
1y. Blood samples were obtained at in-
tervals thereafter, and urine and feces
fwere collected for up to 10 days after
1injection of the labeled compound. The
1 unchanged A*THC was measurcd by ex-
! traction at pH 6.5 to 7.5 into four vol-

H
'

tumes of heptane containing 1.5 percent
{isoamyl alcohol.

i . The radioactivity in the organic phase
;was assayed by liquid-scintillation spec-
ftrometry. Of the ATHC added to
_plasma or urine 95 = 5 percent was re-
. covered, Total radloactwlty in aliquots
* of plasma and urine and in a methanol

! extraction” of AYTHC with heptane,
. polar metabolites which remained in the
aqueous phase were extracted first
with ether and then with ethyl acetate,
!'The most polar metabolites and con-
" jugates remained in the aqueous phase.
¢ After intravenous administration of
S { [MCJAYTHC the amount of this com-
T ; pound in plasma declined rapidly dur-
e . ing the first hour (with a half-life of
whoe ,about 30 mmutes) (Fig. 1). After 1
e * hour the A’THC fell much more slowly
S ‘i (with a half-life of 50 to 60 hours).
-  To establish the identity of the ap-
. parent A’THC measured in the hep-
i tane extract of plasma, samples of
© plasma collected during the first hour,
* during the remainder of day 1, and
»during days 2 and 3 were pooled
L '5 separately and extracted with heptane,
“i. " “ After evaporation at reduced pressure,

?
H
i
i

A ; the residue was taken up in a small vol- -

',:g ume of ethanol and applied to an Fast-

i man silica-gel chromatogram sheet for

, * development in a hexane : acetone sys-
ey “item (3:1), Most of the radioactivity
B 4 {about 85 percent) in the extract ob-

. : tained during the first hour is chromato-
graphncally identical with authentic
: A'THC (Fig. 2). A small portion of
i the radioactivity in the heptane extract
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’ Vextract. of feces was determined by
’ : ;’ liquid-scintillation spectrometry. After -
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Fig. 1. Plasma levels of A°THC, total radioactivity, and ether-extractable .radicactivity
after the intravenous injection of [MCJATHC (0.5 mg in 1 ml of ethanol) to three
normal volunteers. The radioactive solution was injected during an inferval of 1
minute into the tubing of a rapidly flowing intravenous infusion of 5 pércent dextrose
in water. The dose rzfmged from 80 to 146 nc/kg (5.6 ;zg{kg to 7.9 pg/kg). Blood
samples were drawn in heparinized syringes from the opposite arm at 'various times.’
Plasma was assayed for A"THC, total radioactivity, and ether extractable mdloactmty

by liquid-scintillation spectrometry,

had the mobility of authentic 11-
OH-THC (7). Almost all of the radio-
activity in the hcptanc extract of plasma
obtained during the remamdcr of day 1
and during days 2 and 3 had the same
mobility on chromatography as- syn-
thetic A’THC. i
The decline of total radloacthty and
the more polar ether-g:xtract'lble metab-
olites in plasma was similar to that of
APTHC, A rapid initial decline preced-
ed a much slower phase of disappear-
ance’ from the plasma. Polar metabo-
lites were formed rapidly and were
present in plasma at higher concentra-
tions than AYTHC.
About 30.percent of the adminis-

'

Fig. 2. Histogram of thin-layer chroma-
tography of “C-labeled A'THC extracted
from plasma at various times. R.L. rep-
resents a typical subject. Samples of
plasma from the first hour, from the re-
mainder of day 1, and from days 2 and
3 'were pooled separately and extracted
with four volumes of a solution of heptane
containing 1.5 percent isoamyl : alcohol.
The extract was evaporated to dryness at
reduced pressure, dissolved in a, small
volume of ethanol, applied to an Eastman
silica-gel chromatogram sheet, and de-
veloped in a hexane ! acetone (3:1) sys-
tem. Authentic A*THC and 11-OH-A*THC
were cochromatographed with the heptane
extract. The sheet was cut into 1-cm strips
from the origin to the solvent front and
placed in vials containing scintillation so-
lution, and radioactivity was determined
by liquid-scintillation spectrometry.. .

._65_

. . A .
tered radioactivity was excreted in the
urine (Fig. 3); most appeared during
day 1, but metabolites continued to be
excreted into the urine for morc than
1 weck. Less than.'1 percent of the
urinary radioactivity was : unchanged
APTHC, and #C-labeled '11- OH-THC
did not appear to account for more than
a small. percentage of the’ metabohtcs
Even after hydrolysis of cotg]ugates with
Glusulase (&), which increééed the pro-
portion of labeled 11-OH-THC in the
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Fzg 3. Cumulatwe excretion of radioac-
tivity after the intravenous injection of
MCJATHC, - W.R. represents a typical
subject. Urine and feces were collected for
at least 8 days after the intravenous ad-
ministration of CIA"THC. Urine and feces
were frozen until ‘analyzed. The feces
were suspended in three volumes of
methanol and vigorously shaken for 10
minutes on a mechanical shaker. The ma-
terial ‘was centrifuged, and an aliquot of
the methanol. extract was assayed for
total radioactivity. Urine was assayed di-
rectly for total radioactivity by liguid-
scintillation spectrometry.

ether extract ‘about 80 pcrcent of the
metabolites - remamcd uncharacterized.
The 'extraction -and chromatographic
properties of this portion suggested that
the radioactivity might be in the form
‘'of polar compounds.

i About one-half of the radioactivity

¢

‘administered as [MCJAYTHC is recovered
'in the feces (Fig. 3). There was al-
imost no_radioactivity in the feces col-
- lected on day 1, presumably because
"the compounds were excreted in the
bile and their passage through the) gas-
trointéstinal tract delayed excretion in
the feces. A’ methanol extract of feces
containing the 'radioactivity was evap-
orated at reduced pressure, and the res-
iduc -was dissolved in phosphate buffer
(0.1M, pH 6.5). The heptane extract
of this aqueous solution contained most
“of the radioactivity, Almost none had
the chromatographic characteristics of
- A*THC, however; and only 10 percent
: appeared to be the 11-hydroxy deriva-
tive. Hydrolysis of conjugates by incu-
_ bation with Glusulasc increased the ap-
parent 11-OH-[MCITHC to about 20

\

percent of the radioactivity, Most of

" the remaining “C stayed at the ori-
gin, presumably in the form of more
polar metabolites.

1322

The initially rapid decrease of [14ClA?
THC in the plasma represents redis-
tribution of the. A’THC from the in-
travascular compartment into tissues
(including brain) and metabolism. In
man the cffects of marihuana are maxi-
mum within 15 minutes, diminished be-
tween 30 minutes and 1 hour, and
largely dissipated by 3 hours (9). This
would be consistent with the finding
that, after intravenous administration of
[MCJA"THC, the concentration in

‘plasma rapidly declines, with a half-life

of about 30 minutes, and that over two-
thirds of the total radioactivity excreted
in the uring s present during day 1.
During this.initial phase, metabolites of
AYTHC are present in higher concentra-
tions in the plasma than the parent dmg
(Fig. 1).

The slower decline of A”THC in

plasma (ty, == 56 hours) and of total -

radioactivity (¢;,» = 67 hours} presum-
ably represents rctention and slow re-
lease of the drug from its stores. Since
AYTHC is a nonpolar compound, it may
accumulate in fat or other tissues such
as lung which have an affinity for drugs.
It has been reported that, in animals
(3, 10) soon after the intravenous ad-
ministration of labeled AYTHC, higher
levels of radioactivity were present in
lung than in other tissues, If, indeed,
the A"THC is bound in lung, then in
man this would be even more signifi-
cant since inhalation is the usual route
of administration.

The finding that ATHC and its
metabolites persist in humans for long
periods indicates that the drug and its
metabolites accumulate in tissues when
administered repeatedly. It may cxplain
in part the phenomenon of “reverse
tolerance™ seen in chronic users of
marihuana. Possibly a critical degree of
tissue saturation must be attained be-
fore effective threshold levels of ATHC
can be achieved. On the other hand,
long-term administration of marihuana
may induce enzymes which convert
the drug to an active metabolite of
ATHC. In animals it appears that 11-
OH-THC is as active as A*THC (7).
In the present study of naive subjects,
11-OH-THC appears to be only a minor
metabolite of the AYTHC. However, the
more polar metabolites present in
urine and feces may represent {urther
metabolic products of 11.0H-THC.

Since a considerable percentage of
the metabolites of AYTHC are excreted
in urine during day 1 after its adminis-
tration, it should be possible, by means
of solvent extraction and thin-layer
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_ normal vVolunteers and_that it is.com-

chromatography, to develop;'a sensitive.:|

assay for the detection of- metabolxtes

of ASTHC in human urine, :
From our results it can be {

that A"THC  persists for a long time in

pletely metabolized .in man: and ex-,
creted as polar metabohtes in unne
and feces... -
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Effects of Marijuana and Tobacco
Smoke on DNA and Chromosomal
Complement in Human Lung Explants

Human lung explants cxposed to smoke from marijuana or
from Kentucky Standard tobacco cigareties have been reported
to display abnormalitics of cell morphology, mitosis, DNA
synthesis and atypical prolifcration'. We report here a study
designed to test the effects of both types of smoke on the DNA
and chremosomal complement.

We used the model system for exposing lung explants to pufis
of fresh smoke in standardized conditions®. Lung explants were
prepared and exposed to cigarettes made from marijuana or
Kentucky Standard tobacco as previously described!. Normal
lung tissuc was obtained not only from older patients operated
on for pulmonary tumours?, but also from a healthy young man.
(age 25 yr) killed in an accident. The DNA determinations were
carried out in metaphases and telophases of the original stained
lung cultures by Feulgen microffuorometry®. All together, over
2,000 cells were examined in control cultures and correspond-



T

404

ing cultures from 4-70 days after exposure to marijuana or
tobacco Cigarette smoke. Chromosomes were prepared accord-
ing to Inui er @l for the examination of chromosomal status,

Results were reproducible in all cuitures. They were essen-
tially the same for cultures derived from the lungs of the older
tumour patients and from those derived from the healthy
young man. There was a good agreement between chromosomal
and DNA data.

Toable 1 Comparison betwean the DNA Content® in Metaphases and

Telophasest, and Number of Chromosomes? in Fibroblastic Cells of a

Conutrol Adult Human Lung Explant and after Exposure 10 Fresh Smoke
from Mamuana and Kentucky Standard Cigareties

Mean frequency ifrper ¢ gent

Type of DNA content DNA content ~ Number of
experiment  in metaphases in telophases chromosomes
4DNA %4DNA 2DNAZ2DNA 2N * 2N

Control 76 24 70 30 56 44

Kentucky 56 44 48 52 36 64
Standard pCo==0.,01 pCo<0.0065 pCo <0.0005

Marijuana 52 48 52 48 31 69
pCo=0.0025 pCo <0.005 pCo <0.0005

* Microfluorometry.
1431 cells measured.
1 633 metaphases counted,

There were significant differences between control and
exposed cultures; 4-28 days after exposure to marijuana or
Kentucky tobacco cigarettes there was not only a significant
decrease in number of cells with 2 N, and with 4 DNA and 2
DNA (Table 1), but the variability of cells with deviating
DNA content and chromosomal numbers was greater than
that observed in controls (Figs. 1 and 2). This difference was
especially marked after marijuana cigarette smoke.

It thus seems that exposure of human lung explants to fresh
smoke from marijuana or Kentucky Standard tobacco cigar-
ettes evokes not only abnormalities in DNA synthesis, mitosis
and growth!, but also results in alterations of DNA and chromo-
somal complement, that is in a disturbance of the genetic equilib-
rium of the cell population. The finding that these changes were

IDNA

JDNA
[
M pCo 061 T pCo 00085
¥ —pCo 0.05—
o -
&
5 )
g H
fre
.
pCo 0.0025 T pCo  0.0005

DNA amount in basic units

Fig. 1 Comparison between the DNA content (Feulgen micro-

fluorometry) in metaphases (M) and telophases (T) of fibroblastic

cells {(number measured =431) from (a) control adult human lung -

explant, and after exposure {o fresh smoke from (¢) marijuana,
and {&) Kentucky Standard cigarettes (5 experiments).
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Fig. 2 Comparison between the number of chromosomes of

fibroblastic cells (number of metaphases counted =633} from

(a) control adult human lung explant and afier exposure to fresh

smoke from (¢) marijuana and (b) Kentucky Standard cigarette
(number of cultures examined=12).

observed very early, and that they persisted for prolongsd
periods after exposure, indicates that these alterations are nat
lethal to the cells. The question whether the cells with abnorma
DNA and chromosomal complement are responsible for the
subscquent atypical growth, and may represent an early stag
preceding malignant transformation, cannot be answered &
present.
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Effects of Marijuana and Tobacco
Smoke on Human Lung Physiology

Mouse lung cxplants exposed to smoke from cigarettes to
which marijuana was added have been reported to display
more cellular abnormalities than those exposed to smoke from
cigarettes without marijuanal, We report here a study designed
to test the cffects of smoke from cigarcttes made of marijuana
only on human lung explants, and to compare these effects
with those obtained after exposure to smoke from Kentucky
Standard cigarettes.

We used the model system developed for preparing and
exposing lung cxplants to pufls of fresh smoke in standardized
conditions?, Fresh human adult lung tissuc was obtained

Fig. 2 a, Metaphase of fibroblastic cell in
human adult lung explant, 6 days after
4 cxposures 0 4 puffs of marijuana
cigarelte smoke (H and E, % 1,000), Note
tripolar metaphase with pieces of chromo-
somes lying distant from metaphase and the
very large spindle. b, Metaphase of fibro- .
blastic cell in human adult lung explant,
§ days after 4 exposures to 2 puffs of
Kentucky Standard cigarette smoke (H
end E, x 1,000). Note chromosome distant
{rom main metaphase. ¢, Same culture as b.
Anaphase, note lagging of chromosomes.
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Fig. 1 Comparison between cffects of fresh smoke from

marijuana and Kentucky Standard cigarctiecs on the DNA

content of fibroblastic cells in human adult lung explants, one,

seven and thirteen days after exposure (Feulgen microspectro-
graphy). 375 cells measured. MI: Mitotic index.

from men (45-56 yr} who had undergone surgery because
of pulmonary tumours. For the lung cxplants pieces of
“normal lung” werc taken far distant from the tumour.
Absence of tumour was established by microscope examina-
tion, The cultures, which at three to four weeks showed a
recgular monolayer of fibroblastic cells, were exposed in a
‘Filtrona CSM 12° smoking machine to puffs of fresh smoke
from marijuana cigarettes, or to puffs of whole fresh smoke, or
smoke of the gas-vapour phase? from Kentucky Standard
cigarettes. Marijuana cigarettes containing 1.8 g of marijuana
(UNC 303, 0.6% tctrahydrocannabinol (THC)) for each
cigarctte were prepared with the same paper ‘as that for
Kentucky Standard tobacco.

Experiments were carried out on over 1,300 cultures of
human lung cxplants. For cach experiment a minimum of
eight sets consisting of tweniy-four coverslips with matched
lung explants was used. Each set comprised a control culture
not exposed to cigarette smoke, a culture exposed to four pufls
per day (25 ml. at intervals of 58 s) of fresh smoke from
marijuana cigarettes for 4-10 consecutive days, and a culture
exposed in the same manner to two pufls from Kentucky
Standard cigarettes. The Jower number of puffs from Ken-

tucky Standard cigarcttes was given because of the relatively
high cytotoxic cffect of this type of cigarctte on the cullures.
The larger puff volume of 25 ml., instecad of 8 ml, used in the
previous study?, was chosen because it resembled more closely
the standard pull volume of 35 ml. inhaled by human smokers.
Media were changed immediately after each exposure.




¢

Chromosomal behaviour during nutosis wis studied m hve
cultures® under phase contrast and in the original stained
cultures from 1-45 days after exposure. The mitotic index
was obtained by counting all mitotic figures and relating them
1o the total number of cells of each monolayer grown on the
coverslips. Frequency of mitotie abnormulities was obtained
by counting all abnormal mitoses and relating them to the
total number of mitosis in each culture. DNA metabolism
was examined by autoradiography and Feulgen microspectro-
graphy*~*.

Results were reproducible in all cultures. There were
significant differences between control cultures and those
exposed to smoke from marijuana and Kentucky Standard
ciparettes {Table 1). From 1-4 days alter exposure, cytotoxic
effects such as pycnosis, necrosis and cell death were observed
in the exposed cultures, accompanied by a striking decrease
of mitosis and DNA synthesis, 'T‘hcsc{c:u‘ly alterations were
more marked after exposure to either whole smoke or the gas
vapour phase of Kentucky Standurd than they were after
smoke from marijuana cigarettes. The lesser cytotoxic effect
of marijuana, which contains a sticky resin, may perhaps be
because cigarettes made from marijuana have a larger side-
stream than Kentucky Standard cigarettes so that, in spite of
the higher dose, less smoke per se reached the cultures'.
Other alterations observed in surviving cells were essentially
the same after exposure to marijuana and Kentucky Standard
cigarettes. There was a marked increase in size of cytoplasm,
nucleoli and nuclei!, accompanicd by a significant increase in
DNA content (Fig. 1). In control cultures even the largest
nuclei contained 2-4 or only slightly higher DNA amounts, in
all exposed cultures none of the large nuclei had 2-4 DNA,
but the majority carried a significantly higher DNA content
(P=10.0003). As can be seen from Table t and the examiple in
Fig. I, this striking increase in DNA was observed very carly
afier exposure {1 day) at a period where mitosis and DNA
synthesis were inhibited, and at later periods after exposure
(7-45 days), at a period where stimulation of mitosis and DNA
synthesis occurred (Table I, Fig. 1). In addition, from 1-45
days after exposure, all cultures displayed mitotic abnormalities,
which were not only more severe, but had also a significantly
higher frequency than in control cultures. The abnormal
behaviour of chromosomes during division was particularly
clear in metaphase and anaphase, in which lagging and
breakage of chromosomes and occurrence of tripolar meta-
phases and very large spindles were observed in living and
fixed cultures (Fig. 2a-¢). The difference in frequency of
mitotic abnormalitics in exposed and control culturcs was
particularly evident in young cultures. These controi cultures
had 0-3% abnormal mitosis, and the corresponding exposed
cultures had 20-30%, that is a mean increase of about 7 times
{Table 1). In older exposed cultures the significantly higher
{requency of mitotic abnormalities persisted. Since, however,
the frequeacy of siitvtic abnevmalities jpcreased  with

A G Tt bt et Pt 59054 e LRV E T 45 o
controls (up to 10%), the difference, aithough still bed
statistically significant, was somewhat less than for yu®

g
Hiars

R
R,

Fig. 3 a, Fibroblastic cells in monolayer in control culture &
human adult lung explants (H and E, x500). Note wei
separated cells. b, Same culture as a, but 17 days afier
exposures to 4 puffs of marijuana cigarette smoke (H and
% 500). Note irregularity and disparity of cells, and criss<r
formation. ¢, Same culture as a, 17 days after 4 exposures i
2 puffs of Kentucky Standard cigarette smoke (H and E, x S}
Note essentially the sameirregularity of cultureasin 4. Notea
irregular shape of large nucleus, multiple nucleoli (inset x 1,008
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Table T Comparison of Effects of Fresh Sn;woka from Marijuana and Kentu
' of Adult Human Lung

cky Standard Cigarettes on Mitosis and Metabol

ism in Fibroblastic §
Explents (n; =200) ;

Hgand

\ , exposed cultures

Time Type and mean ratios of frequency of alterations controls v\
after DNA synthesis (CH-TdR) DNA coatent* {(number %
Type of fast Mitotic index (number of fabelled cells)  of cells with high DNA Miltotic abnormalitig
cigarette exposure content) 1y =7,500 i
(in days)  Decrease Increase Decrease Increase  Decrease Increase Decrease Increass
Marijuana -4 4+0.2 — 340.1 - — 5£0.5 e ’iil.}‘i.
pCo=:0.001 pCo =0.001 pCo> 0.000! pCo>0.00¢
7-45 — 2+0.2 — 2:+0.2 —_ 5405 — 3406

pCo=0.005 pCo=0.005 pCo>0.0001 pCo=0,
Kentucky Standard - 4 5+0.2 —_— 10+0.2 — e 5405 — T+15¢
whole smoke pCo=0.0005 pCo > 0.0001 pCo> 0.0001 pCo> 0.0
gas-vapour 7-45 — 2402 — 2402 — 5+0.5 — 3405
phase pCo=0.005 pCo=0.005 pCo > 0.0001 pCo=0.08
ny=No, of cultures examined. #;=WNo. of cells measured. *Feulgen microspectrography. é
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cultures (Table 1). A detailed study of time sequential micro-
scopic, ultrastructural and cytochemical effects of marijuana
and tobacco smoke on young and old human adult and foetal
lung cultures has been completed (Leuchtenberger, C, e al.,
in preparation).

The marked decrease of DNA synthesis and mitosis observed
early after exposure was followed at later periods (7-45 days)
by an increase of mitosis and DNA synthesis (Table 1). In
comparison with controls there was about a two-fold augmen-
tation of 1hese and this was accompanied by irregular growth,
characterized by disparity in shape and size of nuclei and
nucleoli, piling up, and criss-cross formations of cells. The
appearance of exposed cultures was strikingly different from
the corresponding control cultures, which showed rather
regular monolayers with more or less contact inhibition
(Figs. 3a-).

It therefore seems that fresh smoke from cigarettes made
from marijuana evokes essentially the same abnormalities in
DNA metabolism, mifosis and growth in fibroblastic cells of
human aduit lung explants as does whole fresh smoke or the
gas-vapour phase from Kentucky Standard cigarettes, This
similarity is particularly noteworthy when the important role
of cigarctte smoke for pulmonary carcinogenesis is examined*®+®,
but while it is tempting to suggest that smoke from marijuana
cigarettes plays the same role in pulmonary carcinogencsis, no
conclusions can be drawn until results of epidemiological
studics in human marijuana smokers and chronic inhalation
experiments in laboratory animals with marijuana cigarettes
become available.

We thank Professor F. Saegesser for lung tissues, Dr O. J.
Bracnden for the marijuana, Dr D, C. Cameron and Professor
H. Isliker for encouragement, We also thank Mrs M. Andrey
and N, Friderici for technical assistance. This work was sup-
ported in part by grants from WHO and ASFC, ‘
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Inhibition of Cellular Mediated Immunity in

.Marihuana Smokers

N
Abstract.

The cellular inediated immunity of 51 young chronic marihuana

smokers. as evaluated by the lymphocyte response in vitro to allogeneic cells
and 10 phytohemagghuinin, was significantly decreased and similar to that of
patients in whom impairment of T (thymus derived) cell immunity is known to
occur, This inhibition of blastogenesis might be related to an impairment of DNA

synthesis. |

it has been previously repotted (/)
that delta-9-tetrahydrocannabinol (AY.
THC), a psychoactive substance of
Cannabis, when administered to rodents
alters their cellular mediated immune
responsiveness, and it was suggested
that similar changes might also occur
in man. In our study the mixed lympho-
¢yte culture (MLC) and phytohema-
glutinin (PHA) responsiveness of 51
marihuana smokers, 16 to 35 years old
(roedian age 22), were studied. Only
subjects who bad used Cannabis prod-
ucts {at the exclusion of other drugs)
at least once a week (average four
times a week) for at least 1 year (aver-
age 4 years) were sclected for this
investigation.

Eighty-one healthy volunteers, 20 to
72 years of age {median age 44) were
used as controls. Purified lymphocyte

ing cells were incubated per well with
I pg of purifieda PHA. The medium
used was RPMI“1640 with penicillin,
streptomycin, and glutamine, to which
25 percent  autologous  serum  was
added. 1

Results are summarized in Table 2

and compared with data obtained in
60 patients with cancer, 20 patients
with uremia, and 24 renal allograft
recipienis with iatrogenically induced
immunobuppression. The mean values
registered in the group of marihuana
users were significantly lower than
those of the normal, but much older.

control group. Since an inverse cor-
relation exists between cellular immu.
nity, as refizcted by in vitro lympho
cyte blastogenesis and aging (5), re-
sults obtained in the group of mari-
huana smokers may be interpreted as
being indicative of cellular hypore-
sponsiveness. Supporting this conclu-
sion is the close similarity between the
depressed MLC and PHA responsive-
ness of marthuana users and that of
cancer (6}, uremia (7}, and immuno-
suppressed transplant patients in whom
impairment of T (thymus derived) celi
immunity is known to occur. Further-
more, we observed that in vitre inhibi.

tion of PHA-induced blastogenesis of -

normal human !ymphocytes started
with 1.6 M THC and was comple:e
with 20 pAf1. .
The major psy cho!oyca!ly active con-
_stituent of Cannabis sativa is ATHC.
This substance, as well as its metabo-
lites. is insoluble in H,O, but is very
fat soluble, and has a half-life of sev-
eral days in tissues where it might exert

a cumulative and pharmacological ef- |

fect (8). Such an cffect might be re-
lated in a still unknown way to the
depressed cellular immune response in
vitro of chronic marihuana smokers.
The efiect of THC on adrenergic re-
ceptors (9) might also play a role in
its immunosuppressive aclivity, as was
suggested for other drugs administered
coniinuously over a long period (/0).

“This inhibition of blastogenesis might
result from an impairment of DNA
synthesis. One of us (A.M.) sampled
Iymphocytes  from  four marihuana
smokers, cultivated the cells for 72
hours, and then observed a decreased

number of cells during the period of .

DNA synthesis (S period of the cell
cycle}? There was also an increased in-
cidence of chromosomal

‘Table 1. Comparative cellular mediated immunity of normal subjects, marihuana smokers, and

breakages,”

patients with impairment of T cell immunity. The in vitro blastogenic response of lymphocytes
was studied by tha MLC and the PHA tests. The incorporation rate of [“}‘}Lhymxdmc of the
T lymphocytes is given in counts per minutc = the standard error,

PHA

R i MLC .
suspensions were prepared from fresh - —
samples of venous blood by the Ficoll- Subjevis e NO _”UTh:vmld*m _No. {*H]Thymidine

) Al adic sthod (2) tested incorporated ——————2_ ' incorporated
fsopaque density gradient method (2). 8 {count/min) {count/min)
‘A microculture system was used for — ”

. screening of cellular responsiveness (3). ;"”"M °°'_‘"°"‘ 81 26400 % 200 81 | 23250=210

a N\ . ’ N N Cancer patients . !

For the MLC test, 1 X 10% responding  pi 00 mor 16 14894 = 792 16 - 17501 = 124
cells were incubated, per well, with 2 Regionial spread 23 15816 =+ 420 23 13345 = 540
X 10° stimulating cells pooled from a Distant spread 21 8968 * 459 24 10516 =% 580
panel of ten donors, phenotypically dif-  Uremic patients 26 12001 = 272

ferent [allogeneic cells in which 25 dif-  Transplant patients® 24 12307 = 357

ferent HL-A specificities were repre-  Marihvana smokerst 34 15679 = 499 51 13779 = 169

sented (4)}
For the PHA test, 2 X 10 respond-

ceETLDITADY DY

* After 1 1w 4 years of immunompnrz\swc therapy.
other drug taken,
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such as that observed by others (11},
and an increase in the prevalence of
micronuclei./Since it has been shown
that lymphocytes of normal individuals~
will undergo three or four divisional
cycles during 72 hours of culture (12),
the observed micronuclei might indi-
cate that there is an increased anaphase
lag with or without chromosomal break-
age during the preceding cell divisions
in vitro. Anaphase lag, formation of
hypodiploid cells, and alterations of
DNA content were also observed in cul-
tures of human lung explanis exposed
to marihuana smoke (13), Tetrahydro-
cannabinol in 3 to 9 M concentration
inhibits the growth of tetrahymena by -
reducing DNA and RNA synthesis
(14).

Further studies are required to eluci-
date the. exact mechanism by which-
marihuana products might affect DNA
synthesis and the genetic equilibrium
of T (thymus derived) lymphocyte pop-
ulation,

GaBrieL G, NaHas
NricoLe Suciu-Foca
JEAN-PIERRE ARMAND
- AXIRA MORISHIMA
Depariments of Anesthesiology,
Surgery, and Pediatrics,
College of Physicians & Surgeons of
Colurmbia University, New York 10032
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A- and&wf étrahydrocannabinol: Effects on |

Cultured Human Leucocytes

[

| i
' RICHARD L. NEU, M.5., HAROLD O, POWERS, Ph.D., SADDIE KING, B.A,, and

LL\!,MUM'P nothing is known about the po-
L3 pentially harmful genetie effeets of
warijnana in man, although the possibility

Cexists that it s teratogenic.™® The drug

has beent used by man for eenturies. Re-
eent studies have established that the
tetrahydrocannabinols {referred to heve-
after as THUY arve the aetive principles

" that affeet the human central nevvous sys-

34,5

tem in the resin of Cannabis sefiva L.
Only the optieally active levorotatory
forms of A% and AWTIHC are found in
natural aerijusna? Potal syntheses of
both compounds have heen veported.®?

1t has heen reported that the hallucino-
genie compornd lysergie acid diethylam-
ide (LS canses  ehromosome Direaks
and rearrangements o human ehrromoe-
sontes i eells eultuwred in eifro® However,
a veeent well-controlled experiment has
produeed no definite evidence that 1L.SD
damages hmman hvmphoeyte ehromosomes
i rivo as studied from 72-houv cultures.?
From the Genetic and Endoerine Unit, Depart:
went of Pediatries, | State University of New
Yok, Upstate Medienl Center, Syracuse, NJY.

Havorn 0. Powers, P, was o postdocioral
trainee of the Nutional Institute of Arthritis
and Metuholie Diseases on sabbatical leave from
the State University of New York at Oswego,
e has returned to his position as Professor of
Bislogy and Geneties,

This investigntion was snpported in part by Pub-
lic Henlth Rervive gronts TLeARR277 and AN
02504 and 5-T0-2-CH-1081 from the National
Institate of Arthritis and Metabolie Diseases.
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LYTT I. GARDNER, M.D. Syracuse, N.Y,

We made the present stady to determine
I AYTHE would cause sintilar chiromo-
some aberrations when added to hman
blood cultires. Whole blood mieromethod
ciltures were made from five healthy in-
dividuals using Chromosome Mediunm 1A
(GIBCO, thrand Island, N.Y.). The cul-
tures were ineithated for 72 hours at 37°C.
Twenty-four hours prior to the havrvesting
of the cells, A%THC was added to the cul-
tures at concentrations of 30, 35, 40, and
45 /il of medinm, Absolute ethyl al-
cohol was used as the solvent for the THQ,
Fsarlior experiments had  demonstrated
that certain amounts of absolute cthyl al-
cohol were eompatible with sueeessful eul-
tures. We added up to 0.01 ml of alechal
per ml ol wedinm to whole blood eultures.
The mitotie index decveased with inereas-
ing amounts of aleohol, but never went
below 2.7%. When these “ethanol con-
trol” cultuves were compared with eul-
tires containing no ethanol, there was no
observed differenee i ehiromosomal muor-
phology. Control eultures were set up con-
{aining the same amount of ethanol ag was
present in each of the THC euliures.
Preliminary studies vevéaled no meta-
phases in enlfures eontaining 50 pg or
more of ARTIIC per ml of medinm. Tess
than thirty metaphases were available foe
analysis  in cultwres with the higher
AR eoneentrations becanse of o lower
mitotic index and poorer quality meta-

The Journal of Clinienl Phurmaeology
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BEEECTS OF TETRAHYDROCANNADRINGL ON LEUCOCYTES

100

Metaohases per 1000 cells

30 35 40 15
ug of ASTHC per ml of medium

Fig. 1. .0 graph showing the average number
of melaphuse figures obseveed per 1000 eetls
al rarions goneenirations of ASTHC, The
“othanol vontrol” enltures conlained the sume
anonul of etheanol used in cach ASWTIHC cul-
ture, Fihanols control enltures wre indicated
with « solid line and the ARTTHC cultures with

a hraken f.r'm%,

|

phases, The presenree of ASNTINC in the
eultures resulted in a dreastie deerease in
the mitolie index at all eoneenfrations as
shown in g 1. Although a deevease in
mitotie hndex is aiso obvious in eontrol
cultures contatmng only ethanol, it is not
so severe n deerease a8 oeeurs when
ethanol and ARTHC are present in the
enltnres together. No more than 5% of the
mefaphases I the eontrol enlinres and in
those eultnres exposed to AT had
gaps and hreaks, No stretneal ehanges
other than these were observed. DPre-
liminary studies with A™TIC have given
the same resnlts,

f

Professionals in the health field arve-

disturbed aboul the laek of knowledee eon-
cernttie the  immedinde and long-lerm
effects of marijuana, Phe results of this
experiiment indieate that, in the eoncen-

.I\tl}'-.\x:gztét, 1970
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trations used, ARTIIC does not eanse
visible damage to hnman lymphoeyte
chromosomes in vitro. 'We cannot ex-
trapolate with any degree of eertainty the
in rilro vesulls to in vive cffeets ol MG
in man, eveu thongh our negative resulis
imply o major eytogenectic cifeet, sinee
there was no  observable  chromosomal
change. Ohviously there is o need for
Furlher researeh with this: eontroversial
stthstanee, ospeetally i its relationship to
the developing fetus,

Summary

AR Petrahydroeannabinol (A3 THO) was
added to human lencoeyte eultures to give
final eoncentrations of 30, 35, 40 and 45

Cpe peromb ool medium, There was a de-
ercase in the mitotie index with ineveasing -

eonrentrations of ANTI. No straetural
rearrabgements were ohserved, ARTHO
did not inerease the number of breaks
and/or gaps over those fonnd. in control
culiures (<H0%). In prefumingy experi-
ments A"THE has shown similar findings,
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Intact humoral and cell-mediated |
immunity in chronic marijuana smoking

Gary 5. Rachelefsky, M.D., Gerhard Opelz; M.D., M. Ray Mickey, Ph.D,,
Phyllis Lessin, B.A., Maschiro Kiuchi, M.D., Melvin J. Silverstein, M.D.,
and E. Richard Stiehm, M.D. Los Adngeles, Calif.

The immune system of 12 healthy chronie marijuana-smoking adults was evaluated
while they smoked marijuena daily [or 64 conseentive days under controlled hos-
pitalized conditions. Studics included enumeration of B and T ccll subpopulations,
Tymphocyte proliferative responses to PI A and to allogencie cells, and serum immuno-
aglobwlin levels, Percent B cells, initially low in 2 paticnts, beeame normal, Baseline
total B eells, determined cither by surface immunoglobuling (338 cells/mme * 60
SEM) or eomplement roerptors (162 cdls/mmae 2 27 ) werve significantly (p < 0.045)
less than control but increescd to normal (485 + 97 and 239 % 47 ) over time, Pereent
T ealls, initially low (< 40% ) in 4 patients, beeame normal, Baseline T eells (351
cells/mmd 2 70 SEM ), significantly lower than controls (2,010 * 210, p <L'0.05}, in-
creased to normal by day 63 (1875 * 281). In vitvo lymplocyle response to graded
doses of PHA and to allogeneie cells was normal initially and did not change over
time, Serum gl (1,064 2 330, Tgd (166 2 13}, and 1gM (16 £ 6) were normal. Serum
Iyl levels inereased in 4 subjeels withonl evidence of allergy. Short-term chronte
marijuana use docs not have a substantial adverse effeet on B or T cells of young
healthy adults. k

Recent evaluation of ccll-mediated immunity in chronie marijuana users
has vielded eontradicting vesults. A decreased T eell population' and a re-
duetion of in vitro lymphoeyte response to allogeneie eells and to phytohemag-

- ghatinin (PHA) have been rveported.® In addition, A tetrabydrocannabinol

{(TIC), the psyehoactive compound of marijuana,® has heen veported 1o inhibit
the PHLA response of normal human Iymphoeyies.! In contrast, others have re-
ported that ehronie marijuana users had a normal in vitro response to. PHA
and o pokeweed mitogen® and normal response to skin testing with 2,4-dinitro-
ehlorobenzene (DNCB).* Antibody-mediated immunity has not been adequately
evaluated ; low numbers of B lymphoeytes have been reported.!

All of these prior evaluations in humans were performed on outpatient popu-
lations of ehronie mavijuana users: In order to hetter define the immunologic
effeets of marijuana, we studied both humoral and eell-mediated immunity in 12
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Supported by USPHS/HSM Contrnet Noo 42-71-80 and USPUS Grant No. AM 02375,

Compuling wistaner wan obinined from the Health Sejeaneen Computing Faeility, UCLA,
supporfed by National Institutes of Health speeinl resenrel grant RR-3, i

Reccived for publiention Dee. 23, 1975, 1

Accepted for publieation Mareh 22, 1978,

Reprint requests for K, Riehard Stich, M.D, Deparimeni of Pedintries, UCLA Medienl Center,
Los Angeles, Calif, 90024, .

Vol. 58, No. 4, pp- 483-4950

-76-


http:l;1lort�tr.rm
http:o.l1lf.l.Q.1l

N
484 Rachelefsky et al. 1, ALLERGY CLIN. IMMUNOL.
) OCTOBRER 1976

healthy young adults who smoked marijuana daily for 64 consccutive days under
closely observed conditions,

MATERIALS AND METHODS

Twelve normal hiealthy males between the ages 21 and 28 were studied. During the 94-day
researeh period, they Hived in the UCLA Neuropsychiatrie Instituto under 24-hr supervision and
observation by trained drug resenreh staff to assure that the subjeets did not receive any drugs
other than the controlled marijuana.

Al subjects were sereened to obtain healthy individuals who were not regular users of
drugs other than marijunna. The subjeets were seleeted on the basis that they had not used
any olher drugs more than 2 to 3 times, consumed only 5 ounces of hard liquor maximum per
week, no more than 3 glasses of wine or beer per day, and no more than 10 eignrettes per day
over the preceding G mo. .

Six of the 12 suljects were moderate marijunna users (3 to 6 times per week for at least
the laxt 6 mo), and 6 were heavy users (smoked marijuana at least onee daily for the preceding
6 mo). All subjeets had negative medieal histories and completely normal physical examinations,
Baselino and monthly serial complete bhlood counts, urinalyses, blood chemistries; clest x-rays,
and eleetrocardiograms were all normal.

The marijuana eignrettes were pre-rolled by w standard National Inmstitute of Drug Abuse
machine, and cucl contained 900 my of marijunna eontaining 2.294 tetrahydroeannabinol. The
subjeets were required to smoke a minimum of one marijunnn eigarette per day; optional
cigarettes could be smoked during an 8-hr period ench afterncon and evening,

After n 12-day nonintoxieated baseline period, the subjeets smoked for 64 consccutive days,
followed by 1 wk of nonsmoking, with resumption for 9 (]:l:;’h' and then discharge 3 days later.
The mean number of marijuana cignrettes smoked daily was 5.4 £ 1.5 (8D).

Blood wasg drawn on each subjeet for in vitro immunologic studies between 7:30 and §:30
AM, on day 8 for haseline analysis and subsequently 23, 55, 63, and 70 days alter commencing
marijuani smoking, with the last test day 11:1‘\'ing followed a 6-day nonsmoking period.

Normal ageamatehed controls consisted of headthy individuals whoe had never smokeid
marijuana. They wero tested simultancously with the marijuana smokers over the same time
interval but were not kept in the hospital,

Peripheral ‘Llood [ymphoeytes were isolated from heparinized venous blood by Ficoll-hypa-
que fradient. centrifugation.” No more than 564 of the isolated cells were granuloeytes. PHA
stimulntion of isolated Iymphoeytes was performed by modification of the semimicero wmethod of
Semgar amd Terasukiv: PHA (PILA-M, Difeo Laboratories, Detroit, Mich.y in 7 titrition steps
(background and 100, 25, 125, 6.3, 3.2, and 1.6 g PITA) wax added to tripliente aliquots of
105 Iymplhoeytes in 0.1-m1 culture medium, At least one normal control was done simultancously
with each patient,

One-wny mixed leukoeyte eultures (MLC) were performed by the semimiero method .

degeribed,® using irradinted (2,800 r) eells as stimulators. Eneh subjeet was tested as hoth o
responder and o stimulator against £ controls in a checkerboard fashion. One of the control
cells had been frozen in liquid nitrogen and was used each time as o standard control against
each marijuana su])jcct. The variable control consisted ot a different age-matehed normal at
cach testing. .

White hlood counts and differentinls were determined and total lymplioeyte counts were
enleulated. T cell enumeration utilized the number of lymploeytes forming rosettes with sheep
erythroeytes (1 rosettes).? Lymphocytes sarrounded by at least 3 red blood cells were con-
sidered T eells. Normal values for T cells nre 5656 + 2 (SEM) and 2,010 cells/mms £ 250
(SEM). :

B lymphoeytes were determined1o by the presence of surface membrane immunogloliulins
(Ig B eells) and by tymphoeyte complement receptors (FAC rosettes). 11

Normal Ig B eells was 1695 £ 2 (SEM) with a total 520 cells/mm3 + 60 (SEM), wlhile
normal EAC rosettes wis 9.9% * 3 (SKEM) and 283 cells/mma % 48 (SEM). '

Serum levels of TgG, TgM, and TgA immunoglobuling were measured by single radial dif-
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NUMBER 4 .

TABLE |, Change in T and B lymphocytes over time in 12 chronic moarijuana smokers
compared to normal subjects

Representative days
post.smoking
Pooled
lmmunologic Basoline {Mean & SEM) values Normal
_test {Mean £ SEM) 265 | 63 {Mean + SEM) | {Mean & SEM)
T ceils* . .
Percent 48 3 45 4 53 3 48 4 56 2
Totul {cells/mm?® 951 701 1,300 183t [,875 281 1,336 78t 2010 210
Number tested (n) o= 12 n=-10 n= 10 n =54 n = 56
B cells :
A Igstain
Pgrccnl 18 2 17 3 18 2 17 2 16 2
Total (cells/fmm?®) 338 607 469 101 485 97 434 35 520 60
Number tested n=12 n= 10 n= 10 n= 51 n=52
B. EAC roscttes§ ’
Percent 8 4 8 6 6 2 8 4 10 3
Tolal {(cells/mm?) 162 27 160 50 239 47 206 21t 285 48
Number tested n=12 n= 9 n = 10 n= 5] n=352

*Determined hy. 3 or more lymphocyte-forming rosettes with sheep erythroeytes.?

tLess than vormal, p < 0.05. -
{Detected by immunofluorescent staining of surfnce membrane immunoglobulins.1o ',,-
$Detected by lymphoeyte recoptors.tt |

[Less than normal, p < 0.08,

fusion using immunoglobulin standards ecrtified by the World Health Organization.’2 Serum

Igk levels were mensured with Phadehas IgE test kit. Mean normal adult volue was 70 in-
ternitional units (11 )/ml # 28 (SEM).

Results were summarized using computer programs P3D and P7Da Averages and stan-
dard deviations were computed for cach variable for each fime period sepurately, for each sube-
jret averaged over thue, and for all readings combined into n single data pool. The lutter, for
purpose of analysis, will he roferred to na pooled resulte. In the ease of coll counts, phytoliemag-
glatinin (PHA) and MLC stimulntion counts, and TgG, TgM, JgA, and TgE determinations,
dutiwere evaluated on both the arithmetic and logarithnie seale; statistienl aomparisony were
Iased on thoe Tatter,

RESULTS

Results of immunologic tests were not influenced by numher of cigarettes cach
subject had smoked per day before or during the study period,

Table T depiets the T and B lymphoeyte results over time. The mean pereent
T cells remained within normal range during the study period. Absolute T
cells were deercased initially and ineveased signifieantly (p < 0.01) to a
normal level (951 eells/mm® £ 70 SEM to 1,875 + 281) from bascline to day 63.

T eell pereent was initially depressed (< 40%) in 4 (of 12) subjeets, with 2
hecoming normal by 25 days and 2 by 55 days postmarijuana smoking.

Pooled B eell determinations (1g B cells 17% + 2 SEM; BAC roscties 8%
£4) were not significantly different from the normal group. Initially, 2 (of 12)
subjeets had depressed (< 8620 1 Ivmphoeytes (as determined hy fmmunoglob-
ulin staining), with both heecomiug normal by day 55, One patient experieneed
a depression (27 to 76) by day 63, One other patien! had a deerease in BAC
roselies (8 fo 190 by day 25) and vemained low, Absoluie number of 13 Iympho-
extes by cither method was significantly (p < 0.05) lower than normat initially
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FIG. 1. Representative peripheral blood lymphocyte stimulation® by graded dose of phyto-
hemagglutinin [PHA—25, 12.5, 6.3, and 3.2 rg) in 12 subjects during 63 doys of mari-
juana smoking and cfter the 6-day nonsmoking period compared to: controls evaluated
simultanecusly. ! represents marijuana subjects’ response fcpm] * 1 SD; é -represents
controls response £ 1 SD.

but inercased to normal by day 25 for Ig B eells and hy d'ay 63 for EAC rosettes;

In vitro lymphoeyte response to PHA was normal at all dilutions of PIJA

in each patient and in the combined group initially and remained such without a

significant ¢hange during the smoking and nonsmoking periods (Fig. 1). The

pooled responses at the background (subjects 705 counts per minute [epm] * 81

SIM vy wntmh 7"4 G6Y and at all PHA concentrations were normal (i.e., {or

" 100 pg, 25 g, 12.5 pg, 6.3 pg, 3.2 pg, and 1.6 ng PHA concentrations the subjeets’
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FIG. 2. Mixed leukocyte culture response® of peripheral blood lymphocytes obtained from
2 subjects during 63 days of marijuana smoking and ofter the 6-day nonsmoking period
compared to a variable and standard control. The latters’ lymphocytes were obtained at
the beginning of study ond frozen in liquid nitrogen and tested each time. Each subject

was tested as both a responder and o stimulator against the 2 controls in o checkerboard

fashion. + is subjects’ lymphocyte response to control {cpm) * 1 SD; 1 is controls’ lym-
phocyte response to marijuana subjects’ £ 1 SD. l :

epm 1x 10% & 1 SEM were 488 + 23, 479 £ 24, 397 £ 25,225 £ 17,87 £ 8, and 32 £ 3
compared to 519 + 34, .>O‘ 24, 442 + 23, 250 £ 17, .)7 + 8, and 32 + 6 in the con-
trols, re%pe’ctivelv)

The marijuana subjeets’ ML vesponse (Fig, 2) to the standard and variable
control was normal initially (4,909 epm = 781 SBEM and 6,081 + 450) and did
not change significautly individually or as a group over time. The stimulatory
ability of the marijuana smokers’ lymphoeytes was lower than its corresponding
response to cither control,

Serum gt (mean total group 1,064 mg/100 ml + 33 SEM), IgA (166 £ 13),
and Tghl (96 + 6) were normal in all patients compared to age-matehed con-

trols.'™ There were no .wrmh(- mt changes over time. Initial serum IgB level was.

cevated (1,200 1U/mb) i pdtmnt though the geometrie mean for the 11
subjeets tested (BT U/’m t I SEM)Y was normal. The g levels inercased in
4 (ol 8) patients by day 55, with the levels inercasing from 33 1U/ml to 105, 18
to 75, 32 to 244, and 59 to lu.i. Allergie manifestations (i.c., urticaria, wheezing,
ele.) were not observed. ’

DISCUSSION

Our findings appear to dispute other reports deseribing an association hetween
chronic marijuana smoking and deercased humoral and ecll-mediated immunity.
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488 Rachelefsky et al. ‘ : 1. ALLERGY CLIN. IMMUNOL,
OCTOBER 1975

No dey Etussmn of the in vitro response to PH or allogencie cells was observed in-
owr population of elronic marijuana users. Initinlly depressed T eolls and B eells
hecame noval in spite of mard juana use. 8

13 It'mphm-yl(‘ nunbers returned to normal in those patients with initial de-
pressed Jevels, with 2 patients demonstrating o deerease over time. Levels of
Tz, 1, and IgdM were unaffeeted. Tgld levels inereased with time, suggesting
the develapment of speeifie 1¢¥, theugh none of our patients experienced allergie
reactions, lelamoediated sensitization to mavijuana has been deseribed.?

Nahas and assoeinfes, in evaluating 51 chronie mari juana smokers, reported
depressed incorporation rates of *-thymidine by lymphoeytes in respouse to
PHA and to allogeneie lvmphoextes (in 34 patients). The level of depression was
comparable to that ebserved in advaneed caneer and uremie patients, both groups
with kuown impairment of T eell funetion. In a separate stwdy, Nabas and asse-
clates' veparted that 1.6 to 20 e of THC inhibited the PILA response of normal
fuman bymphoeytes when added to in vitro eultures, Tn contrast, White, Buin,
and .himicki," in evaluation of 12 healthy ehronie marvijuana smokers, ,uhscl'VQfl
no sighificant difference of in vitro lymphoeyte vesponse to PHA or to pokeweed
mitogen when eompared to 12 age-matched controls.

The preceding stimulation studies nsed a single dose of PHA; a dose response
to PHIA as in our study was not evaluated. The resulty obtained by ns revealed
no abnor mality in vesponse of peripheral blood lymphoeytes to any coneentration
of PITA. Response to allogeneic lymphoeytes was also normal and unaffeeted by
marijnana use. ,

I one study,' T lymphoeytes (%) were deereased in 9 of 23 marijuana users,
with the overall group having a signifieant decrease compared to 23 controls,
Six of the 9 patients remained with low T eells on repeat 14 days Iater. Total T
lymphoeytes were not reported. We confirm low T eells in such a group of young
adults, However, our data sugeest that it is not “pure” marijuana but other fac-
tors that aceount for this observation.

In vive celhalar imnne funetion in marijuana users has been reported to
he normal. Silverstein and Lessin® performed skin testing to 2,4-dinitrochloroben-
zene in 22 subjeets and observed that all had the capacity to become sensitized
and develop cutancous hypersensitivity to this agent while 20% (12/60) un-
treated cancer patients had negative responses. 1t has heen noted that DNCB will

sensitize 80% to 9H5% of a normal population.’® Twenty (of the 22) had positive |

delayed-type hypersensitivity reactions to at least 1 of 4 common skin test anti-

gons, while Gupta, (ricco, and Cushinan?® observed that 5 {of 16) of his subjects |
¥

were unable to manifest positive reactions, with a normal expeeted response rate
being 90%.3 In the latter study, the presence or absenee of anergy was not re-
lated to pereent T cells, ie., 3 of 8 with low T cellg and 2 of 8 with normal T
eells had negative skin tests. .

In the only B lymphoeyte evaluation in ¢hronie marijuana smokers, Gupta,
Gricco, and Cushman? (mva&unn«r luA(J rosettes) observed that their 23 patients

had novmal pereentage (11.6% + )) though 5 subjeets had “low” values (no ;

values were given ). Total 13 eells were not reported. Serum immunoglo buhns have
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not heen reported in elnumc marijuana .smokm s, though TghM is clcvatcd in herom
addiets.”

The different effects of marijuana or its aetive eomponent on lymphoeyte in
vitro and in vivo function obsevved to date ave difficult to reconeile. Prior studics
have invelved a mixture of poorly defined populations lumped together as ehronie
martjuana smokers with each study evaluating one aspeet of the immune system.
Depressed B oand T lymphocexytes reported previously and observed initially in
our population might be a vesult of impuorities or other chemieals ineorporated
inte “street” marijuana. None of the previous anthors could be suve that their
test subjoets were not using any other medieations or illieit drugs. lven the
ingostion of aspirin ean inhibit the in vitro veaetivity of lymphoeytes.’ A recent
viral infeetion could also influence Tvmphoexte funetion.’ None of our patients
were i, and no other drugs were adminisicred during our study period. Thus,
we were provided with a well-controlled  population of chronie "marijuana
smokers. No substantial adverse effeet on B or T l\'m lioeytes or ou in vitro PHA
or MLC response was demonstrated.

ADDENDUM

Since preparation of the mannseript, Lau and associntes® reported results comparable to
anvs in o study of the eMects of oral THC, Bight healthy ehronic marijuans smokers were hos-
pifalized for 30 days, Each subjeet reeeived a mpsulo containing cither placcho or THC. A
sustained dose of 210 mpy THC per day was given for 18 dais. PHA responsoe of their lym-
phoeyfes was normal at baseline and was unaffected hy the ingestion of TIIC,

“Lau, R0, et al: Nntnhmna;,g!utinin -indueed lyvmphoeyte transformation in humans re-
ceiving delta @ tetrahydrocanuabinol, Science 192: 805, 1976.
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INHIBITION OF GLUCOSE EFFLUX FROM HUMAN
ERYTHROCYTES BY HASHISH COMPONENTS
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Department of Biology and Rescarch and Development Authority,
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Abstract-—Glucose ¢fllux from human crythrocytes under zero-trans conditions is inhibited
by the hashish components A’-tetrahydrocannabinol and cannabidiol at concentrations -
above 5 x 1077 M. The inhibitory cflect is rapid and apparently readily reversible, Increas-
ing concentrations of alcohols up to 20mM do not change the rate of glucose cfllux but’
they do amplify the extent of efflux inhibition by a [__l\'L" dasc of hashish component. Mclh-
anol, cthanol and propanol show this amplifying cffect in a decreasing order.

“MARIHUANA HUNGER”, the special craving for sweets, is a common symptom of
marihuana smoking. This symptom nmiay indicate a lowercd blood glucosc level, how-
ever, on the basis of glucose tolerance test, Podolsky et al.! have shown no lowering
of blood glucose Icvel. Rather, these authors detected hyperglycemic changes attribu-
table to the drug. '

The cffects of the hashish compounds, A'-tetrahydrocannabinol (A'-THC) and
cannabidiol (CAN) on rat and human crythrocvlcsz"’ and on rat liver mitochon-
dria®* and lysosomes® have been described recently. A paramount feature of the
eflects is an interaction between the hashish compounds and the membrane of these
cells or organells. It scems therefore possible that the hyperglycemic changes might
be related, among other factors, to an cffect of the hashish compounds on glucosc
transport across ccllular membrancs. -

As an approach to study such an effect in a defined system, we cxamined glucose
transport in human erythrocytes. This paper illustrates a marked cflect of the hashish
compounds on glucose transport, an effect which is accentuated by added alcohols.

MATERIALS AND METHODS

Freshly drawn human blood in heparin or stored transfusion blood (up to 3 wecks
ol storage) were used in this study, showing cssentially the same results, The pro-
cedure for washing the erythrocytes and for measuring glucose under zero-frans con-
ditions was as described by Karlish ef al.” Two modifications of this procedure were
introduced. First, 0-4 ml of the cell suspension (60% hematocrit) preloaded with
80 mM glucose. was rapidly mixed with 100 ml of the zero-trans washout medium.
Sccondly, glucose analysis was performed in part of the experiments with glucose
oxidasc.® In these cxperiments. glucose was determined by the use of a colourimetric
assay in which production of a coloured dye formed from o-dianizidine in a peroxide
coupled reaction was measured. Parallel experiments verified that the results of this

2008
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analysis were identical to those obtained with radicactive glucose. The glucosc oxi-
dase reaction products and the hemoglobin content, using standard Drabkin pro-
cedure.” were idetermined colourimetrically, using Klett Summerson colorimeter
with 42 and 54 filters, respectively.

All chemic: l]s were of analytical grade. A'-THC and CAN were kindly supplied
by Prof. R. Mcchouldm {School of Pharmacy, The Hebrew University, Jerusalem).
The hashish compounds were introduced as alcoholic solutions and the control sys-

tems contained the same amount of alcohol.

RESULTS

Glucose transport across the human crythrocyte membrane has been studied by
exchange'™ ! and by net fTux measurements, cither according to Sen-Widdas,'2
according to the zero-trans procedure of Stein and co-workers.”"!? The exchange and

the Sen-Widdas net Rux measurements require the presence of ghicose on both sides
of the membrane. Such requirement might complicate. the interpretation of the effect|
of the hashish components. The zerfo-trans procedure, on the other hand, mamtdms‘
the (.omcxnrauon of plucose at the trans (outer) face of the membrane at or near!
zero.” This pr ou.dum wits therefore adopted {or the present study.

Glucose L["UX from human erythrocytes was inhibitéd by A-THC and CAN at
concentrations above 5 x 1077 M. Representative data, depicting the effect of A
THC and CAN on glucose efllux are shown in Fig, 1. Tlte ordinate f values are the ;
ratio of amount of glucose, present in the cells at any time, related to its amount
in the cells at time zero,” CAN is significantly more uﬁlclivc than A-THC in arrest-
ing glucose efflux. Table 1 presents the kinetic parameters’ of the efflux data giveni
in Fig. 1. While the K,, value increases significantly with increasing concentrations |-
of the hashish componénis, V. is only slightly affected by these components. b

A s CONTROL v
Z B:ﬂ '] b
| |
? iy SO0 &-THe: i
' . s Bx10T M ‘
; 08 —ar— 520075y CAN .
06}-
L
04|-
021
o : I ) | . i . . | . 1 i
(¢] 20 40 60 80 100 120

TIME, sac

Fia. 1. Effect ofa&'!-TH(‘ and CAN on glucose elllux from human erythrocytes, The ordinate f values are -
the ratio of amount of glucose, present in the eells at any time, related (0 its amount in the cells at time
{ 7ero.’
|
\
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|
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i TasLg |. GLUCOSE EFFLUX FROM HUMAN ERYTHROCYTES
UNDER ZERO-trans CONDITIOMS AS AFFECTED BY HASHISH

i COMPONENTS |
Ve |
. (umoles/min per
Addition Ko 1. isotonic cell
(M} n {mM) water)
Control 13 2242 189 + 19
A-THC
§x 1077 [} 35+ 3 198 + 18
5% 10°f 6 63+ 15 208 £ 29
CAN -
5% 1077 6 43+ 4 216 + 21
Sx 0 ® 6 158 4 30 217 & 21

The cannabinoids were added rom methanolic stock
solutions: final methanol concentration in reaction mix-
tures: 32 mM. n = number of experiments. K and V|
were calculated according to Karlish er al” Mean
values + S.E. are given.

Glucose loaded erythrocytes (60 per cent cell suspension) were incubated with
107° M CAN for 5 min at 37° and then tested for glucose efflux by mixing an aliquot
with the washout medium (250 fold dilution). Under these conditions CAN caused
no change in glucose effiux, in contrast to its profound inhibitory effect when added
dircetly to the efflux medium, as shown in Fig. 1. Apparently the effect of the hashish
compounds is readily reversible, as already shown with respect to erythrocyte stabi-
lizing effect of these compounds.®

Since A'-THC and CAN arc not water soluble, they were added [rom methanolic
or ethanolic stock solutions. While the alcohols, at a concentration range of

| . 10

06

CAN+
I mM eif;cnoi

04}
0.2} .2 mM elhonol
s : ! : 1 ; L | : ]
0 20 40 60 80 0o

TIME , sec

eirors for the control, including the cthanol treatments without CAN, are given as vertical bars. The
ordinate f values are as in Fig. 1 '
L1331 E I

S —_—
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2008 A. Setons, No Sustr, Y. Graziantand A, Livew:
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08}- © 3
\\\ CAN + methonol
i . © - '
06}
- CAN + ethanol ‘
o4 CAN + propanol
o 2+
O H | 1 1 i
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TIME, sec

F16. 3. Eflect of 125 mM alcohol on the inhibition org ucose cfilux by 5x 107 M CAN, The ord:m
Svalues are as in Fig. L

2 x 1072 to 2 x 1072 M barley changed glucosc efflux, they did, however, amplt;
the inhibition of glucose efMlux by the hashish components. Figure 2 shows that
extent of elllux inhibition by a given dose of CAN is increased with increasing ale
hol concentration. The increased inhibition due to alcohol is significant. Furtha.
more, Fig. 3 shows that this amplifying cflect depends on the length of the alcohd
aliphatic chain: methanol, cthanol and propanol are eflective in a dccrcasmg order!
This trend appeared in all three experiments.

DISCUSSION i
Various membranc systems arc affected by A'-THC and CAN.%"® These reporty!
along with the present study, indicate that cellolar membranes are indeed a maja
site of inleraction with the hashish components. The effect of A'-THC and CAN o’
both osmotic fragility® and glucose efllux are very rapid and readily reversible, ba |
while A'-THC is more cffective than CAN with respect to conferal of osmotic slah&»g
lity,} the opposite is true with regards to inhibition of glucose eMux (Fig. 1). Thy
disparity and the multiplicity of membrane systems and functions affected by hashig |
components exclude the possibility of a single site and mechanism for the varmm
effects of the hashish components. »
The kinetic propertics of the drug-affected cfflux (Table 1) show features of com-é
petitive inhibition, as already demonstrated for phloretin.'* If the inhibition is indeed
competilive, it is expected that it will be dependent on the crythrocyte glucose con
centration. However, the degree of inhibition of glucose efMux by 5 x 107 M CAN
was independent of glucose concentration at a range of 30120 mM. In view of the
interaction of the cannabinoids with phospholipids® and with lipoproteins,'® it -
possible that these drugs modifly the lipophylic environment of the glucose car |
rier' 1 and thus change the apparent affinity of the carrier to glucose.
The phymolo;,ncal significance of the inhibition of glucose transport by A-THC
and CAN should be considered. For hashish smoku‘s temporary halt in glucos¢ '
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transport from the plasma into the crythrocytes is possible, parficularly since the
effective concentration of the drugs in inhibiting glucose transport (Fig. 1) correlates
with the doscs leading to physiological reactions in hashish smokers.'7-'# 1t is poss-
e that the hashish components affect glucose transport not only in crythrocytes
but in other cells as well. thus leading eventually to side-cflects and symptoms of has-
hish smoking, such as “marihuana hunger”, hyperglycemia and glucosuria. It is notc-
worthy that scveral lines of evidence indicate that glucose transport into adiposc
cells!® and across the muscle cell membrane?® show distinct properties of facilitated
diffusion which arc also typical for human crythrocytes.

The interacting eflects of alcohols and the hashish components in inhibiting glu-
cose transport (Figs. 2 and 3) may be duc to an increase’ of the effective drug con-
centration in the membrane by the alcohol. Interestingly, hashish smokers have dis-
closed to us a custom of drinking alcoholic beverages while smoking hashish in order
fo attain a more pronounced “high”. This claim of an in vivo interaction of alcoho

“and hashish should be rigorously tested.
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MNorma! Skin Test Responses in Chronic Marijuana Users

Abstract. The cell-mediated immunity of 22 chronic marijuana smokers showed
ro difference from that of normal controls when evaluated by in vive skin testing
with 24-dinitrochlorobenzene. However, a significant difference was seen between
these chronic marijuana uwsers, all of whom could be sensitized to 2,4-dinitro-
chlorobenzene, and age-marched cancer patients, who showed a decreased capacity

to be sensitized.

In a study of 51 subjects, Nahas (/)

suggested that cellular immunity may be

impaired by the chronic use of mari-
juana. His in vitro studies showed that
lymphocyte blastogenesis in response to
allogeneic cells (mixed lymphocyte cul-
ture) and in response to the mitogen
phytchemagglutinin was decrcased to
fevels comparable to those of patients

with a known impairment of cellular-
immunity (cancer, uremia, and kidney-

transplant patients), and that this de-
pression was statistically different from
that of normal controls. However, in
vivo skin testing with the foreign anti-
gen 2,4-dinitrochlorobenzene (DNCB)
- and with a battery of common antigens
may be a better gauge of overall im-
munocompetence than any currently
used in vitro lvmphocyte function test,
because skin testing closely correlates
to clinical prognosis in cancer patients
(2). Since 96 percent of the normal
population can be sensitized to DNCB
(2, 3), we tested the capacity of
chronic marijuana users o develop a
delayed cutancous hypersensitivity re-
sponse to DNCB and thus grossly eval-
uated, in vivo, their immunologic com-
petence.
4 For this study, the chronic mari-
juana user was defined as one who
regularly smoked marijuana a minimum

of three times per week for at least

6 months (4). Tobacco smoking and
alcohol were allowed but the regular
or frequent use of other drugs dis-
qualified the subject from the study.

Skin testing with DNCB was performed |

in a standard fashion (2) on 22 healthy
males ranging in age from 21 to 30
years. After the skin was cleansed
with acetone, a se:nsztmng dose of 2000

... The results of the DNCB skin testing -

ng of DNCB dissolved in 0.1 ml of
acctone was applied to the skin of the
upper arm. A 100-ug dose was applied
at the same time to the ipsilateral fore-
arm to test for previous sensitization.
After 14 days, the subjects were chal-
lenged on the ipsilateral forearm with
100, 50, and 25 ng of DNCB as well
as with a cutaneous irritant, croton oil,
as a check for an intact inflammatory
response. On the same day, four com-
mon antigens in doses of 0.1 ml were
injected intradermally in the contra-
lateral forearm. The antigens were

"monilia (Hollister-Stier, 2 units), mumps

(Lilly, 2 units), purified protein deriva-
tive (Connaught, 5 units, intermediate
strength), and Varidase (Lederle, 10
units).

All positive reactions were scored as
1+ (egythema and induration of less
than Mlf the diameter of the test site),
24 (measurable skin reaction over at
least half of the test site), 3+ (re-
action covering the entire test site), or

"4+ (bullae formation). .

All 22 subjects reacted to SO pg of
DNCB (21 were either 3+ or 4+),
and 21 reacted to 25 ug of DNCB (14
were either 3+ or 4+). Seventeen sub-
jects reacted to two or more common
antigens, three subjects reacted to only
one common antigen, and two subjects
faited to react to any of them.

The failure of two DNCB-positive
subjects o respond to any of the com-
mon antigens is probably not indicative
of a defect in immunologic memory.
In this age group, unresponsiveness is
probably due to lack of exposure to
these antigens.

are summarized in Table 1 and are

/ Table 1, 2,4-Dinitrochlorobenzene reactivity.

—

’ G Subjects DNCB-positive DNC B-negative

roups )
(No. Nomber Percent  Number  Percent

Marijuana smokers 22 22 100 0 ¢}
Normal controls? 279 267 96 12 4
Cancer patients {al] ages)” 548 334 70 164 30
Cancer patients (ages 21 to 30)F 60 48 80 12 20

* Data from published studies (2, 3.
740

t Concurrent contro’,.

~-88-

compared with combined data from
published evaluations of DNCB skin
testing in normal subjects and cancer
patients (2, 3). In order to0 obtain an
age-matched conirol group with prob-
able immunodepression, we reviewed
the skin test records of 60 consecutive
cancer patients between the ages of 21
and 30 years from the Division of
Oncology, University of California, Los
Angeles. These patients, who were not
under drug treatment at the time of
testing, were tested by the identical
procedure in the same institution as the
marijuana users and represent a con-
current control group. Twelve {20 per~
cent) were DNCB-negative.}Thus, this
DINCB procedure can detect a defective
immune response.

When our group of 22 DNCB-posi-
tive, chronic marijuana users was com-
pared to the control group of 279 nor-
mal subjects, there was no statistical
difference (5, 6). It appears that the’
chronic use of marijuana does not de-
crease the capacity of a subject to be-
come sensitized and to develop delayed
cutaneous hypersensitivity when chal-
lenged with the hydrocarbon hapten
DNCB. However, when the marijuana
smokers were compared with either
cancer group [all agss (5, 7} or agés
21 to 30 (5, 8)], a statistical difference
vas found.

The 10 percent difference in DNCB
positivity between all cancer patients
and the age-matched cancer patients,
although not significant (3, 9}, may be
due to the fact that many patients in
the age-matched group had early, local-
ized disease, Immunocompetence ap-
pears to decrease with increasing age
and extent of neoplam«, disease,

Prolonged immunosuppression has
profound implications. Patients with
congenital immunodeficiencies and those
with  jatrogenic immunosuppression
{(such as renal transplant patients) de-
velop cancer at rates at least 80 times
that of the general population (15).

+However, there is no clinical or epi-

demiologic evidence to suggest that
chronic marijuana users might be more
prone to the development of ncoplas.nc
or infectious processes.

In vivo skin testing has proved to
be a valuable tool in the gross evalua-
tion of the immune system because a
delayed cutaneous hypersensitivity re-
sponse requires the participation of a
number of components of cell-mediated
immunity. Since responses were normal
in the chronic marijuana users we
tested, it would appear that chronic
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marijuana Snxoking does not produce 353 (1973); R. C. Chakravorty, H. P, Curut.

chet, F. §. Coppolla, C. M. Park, W. K.

a gross ccllular immune defect that can Blaylock, W, Lawrence. Surzery 73, T30 (1973);

be detected by skin testing.
study is needed to evaluate
marifuana use and its effect,

-on the immune system,

Further Y. N. Lee, F. C. Sparks, F. R. Eilber, D. L.

Morton, Proc. James Ewing Sac. 27, 24 (1974).

chronic 4. Martjuana  smoking ranged from theee times
if any, per week to several times per day, Mo marl

» jusna was administerad by us to thess subjects,
i so the specific dosags levels or percentage of
tetrahydrocannabinol of the marixuana smoked

MELVIN J. SILVERSTEIM is not known.

- Pryrris J, Lessix 8
Deparimnent of Surgery, Division of
Oncoiogy, and Department of
Psychiarry: Center for the Health
Sciences. U/mersm of California, \

Sratistical analyses performed were the Yatas
modification of the chi-square procedure and
Fisher's exact probability test (two-tailed),

x*=0.18, P = .669: Fisher's exact P = 1.000.

6.

* 7. x*=17.84, P=005: Fisher's exact £ = .00l
"8 x%==3.68, P=.055 Fisher's exact P =.030,
‘) x¥=2.13, P=.14%; Fisher's exact P ==.133.
a

The effect of delta-9- tetrahydrocannabmol
on the chromosomes of human

lymphocytes in vitro

MORTON A, STENCIHEVER, M.D., F.A.C.O0.G.

MARJORIE ALLEN
Salt Lake City, Utah

Human leukocytes from 4 healthy danors were exposed to concentrations of
delta-9-tetrahpdrocannabinol in 72 hour tissue cultures. Concentrations studiced were
100.0, 10.0, 1.0, and 0.1 pg per milliliter of culture material. For each experiment a
control culture was cualuated. There was no increase in the incidence of
chremosome breaks or gaps in any of the study eultures when compared to controls,
The 100.0 pg cultures did not grow in tissue culture, and no cells in mitosis were
noted in any preparations from this concentration. The significance of these

negative data is discussed.

DeEvLTA-9-tetrahydrocannabinol  is  the
major active component in marihuana. This
drug is being widely used by individuals from
ali strata of socicty. It is primarily used by
voung individuals who are well within their
reproductive years, Persaud and Ellington® ®
have demonstrated  that camnabis resin s
wratogenic in the rat but causes only fetal
recorption and stunting in the mouse. Pace
ad associates,® on the other hand, could
not demonstrate teratogenic activity in the
1at in a variety of cxperiments. While no
epidemiologic outhbreak of teratogenicity in
human beings has been seen, it eannot be
stated with assurance that the use of this
agent i3 not teratogenic in the human being,
andl certainly more research needs to be car-
ried out,

New and colleagues® studied  delta-9-tet-
rhydrocannabinol in in vitro experiments
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with human leukocytes, and were able to -
find no increase in chromosome abnormal-
itics. Pace and associates® could find no
significant chromosome breakage in rat cells
alter exposure to marihuana, Gilmour and
co-workers! in studying scveral psychoactive
drugs for chromosome aberrations in vivo
looked at cultures from 16 “light” users and
were unable to find any significant chromo-
somne anomalics. Fowever, an increase in
chromosome  breakage was noted in 1L
“heavy” users,

It is the purpose of this presentation to
present data obtained from in vitro studies
of the effect of delta-9-tetrahiydrocannabinol
on human leukocyte cells.

Material and methods

Primary lenkocyte cultures were initinted
from 4 healthy subjects (2 male and 2 fe-
male} ranging in age from 19 to 33 years.
Noene were using any drugs and they had not
heen exposed to any agents, such as x-ray,
which might be implicated in chromosome
breakage. The women were not using oral
contraceptives, and all 4 were free of viral
illnesses at the time the cultures were initi-
ated. T'wenty milliliters of heparinized blood

¥ Prnn and T. K. Stary]l Trasenlontarion 4.
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Table I. Chromosome gap and break data for human leukocytes treated with

delta-9-tetrahydrocannabinot

was drawn from each subject and treated
with phytohemagglutinin for 30 minutes in
ice. Following this, the spc(‘imcniwns cen-
trifuged at 500 r.p.an. for 5 minutes. The
lymphocyte-containing sera were separated
into 5 equal portions in small Erlenmeyer
thasks. Dulbecee’s madilied Eagle's medinm
with penicillin and streptomycin was added
to cach flask to make a final volu:me of 10
ml. One flask served as a control, and, to this,
cthanol to make a final concentration of 0.1
per cent wvas added. Delta-9-tetrahydrocan-
nabinol in ecthanol was added to each of
the other flasks to make final concentrations
ol 100.0, 10.0, 1.0, and 0.1 pg per milliliter
of culture media, In cach, the final concen-
tration of ethanol was also 0.1 per cent. The
flasks were then cultured at 37° C. for 72
liours, U'wo hours prior to harvesting, 0.2 mg,
of Colcemid was added to each flask, and
harvesting was carried out with an air-dry
technique. Slides were stained with carbo-
fuchsin and coded for blind scoring. Slides

-90-~

Concentration No. of cells o Getls u_Mh_gflp‘_ PR IR (."."u‘ lUl_”l_{)El}kS
(pg/ml.) scored No. | Per cent No. | Per cent
. .S'ubj::cl_ ! (male)
100.0 - - - - -
10.0 301 3 1.0 9 29
1.0 280 : 2 0.7 0 0
0.1 275 ' + 1.4 2 0.7
S VIL 300 s 1.6 6 2.0
Subject 2 (female) |
100.0 , - : - - _ _
10.0 215 | 6 2.7 8 3.7.
1.0 - 232 . 4 1.7 2 0.8
0.1 230 | 8 3.4 9 39
0.0* Cooo203 - | 7 3.8 4 1.9
Subject 3 (male) i
100.0 - o - - - -
10.0 204 ) ) 0 3 1.8
1.0 : 201 0 0 4 1.9
0.1 200 1 0.5 a 1.0
0.0* o200 b 0.5 ; 15
Subject 4 ([emale) I '
100.0 - i - - - -
10.0 200 : 2 1.0 5 2.5
1.0 200 ' 7 3.5 2 1.0
0.1 200 [ 1 1.0 0 0
0.0% 200 ! 9 4.5 11 5.5
*Control. !

fromn each culture were then scored for chro-
matid and isochromatid breaks and gaps and
for the presence of abnormal fornis.

Results

Table T summarizes the data from the 4
experiments, No growth was seen in any of
the 100.0 pg per milliliter concentration
flasks. No mitotic figures were seen in any of
these - preparations. Tndeed, only rare cells
were seen at all) and thiese exhibited karyoly-
sis and fragmentation of nuclei, No evidenge
for transformation of lymphocytes was noted,
Although the remaining cultures grew well
and demonstrated a good mitotic index,
there was no significant incrcase in chromatid
or isochromatid breaks or gaps in any of
the concentrations when compared to the
controls. No abnormal forms were scen in
any of the cultures. For tabulation purposes,
chromatid and isochromatid breaks are con.
sidered as “breaks,” and chromatid and
isochromatid gaps as “gaps.”
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Comment

These in vitro data are negative. How-
ever, an abundance of work has not been
carricd out in determining whether or not
this agent actually breaks chromosomes. It
has been our observation on sporadic cases
that users seem to have an increased number
of chromesome breaks when compared (o
other individuals studied in our laboratory.
Although in vitro studies with pure delta-9-
tetrahydrocannabinol  did not demonstrate
breaks, it is not possible to rule out other
possibilities. Tt may be that impurities in the
marthnana way eause chromosome  breaks
and do genetic dmage, Te is also possible
that metabolic products of some ingredient
m marihuana may be capable of causing
chromosonie breaks in vivo., Since there is
evidence for possible teratogenicity® ® and
since the use of mavihuana is so widespread,
it seemms appropriate that these possibilities
be investigated in detail in future studies.
Careful human observations must be made,
and a variety of animal species must also he
studied in well-controlled experiments, Our
laboratory is currently studying a large num-
ber of youthful users for the presence of
chromosome abnonmalities, and an attempt
is being made to correlate frequency of use
with outcome. Altliough Gilmour and co-
workers' were unable to find any increase
in chromosome abnormalities in light users,
there did seent to be an tucrease in 11 heavy
wsers in their study. Unfertunately, these
mdividuals were frequently using other drogs
as well, including lyseric acid dicthylamide.
We are attempting to study  individuals
using only marihuana. While it is difficult
to find such individuals, it is important that
this be done in order to discover the efect
of this drug alone.

Delta-9-tetra hyd;'o—caanobmgl on lympgazgte;ﬂgiu

Another aspect to be identified is the fact
that certain individuals may be more prone
to chromosome damage by specific agents
than others. This information must be as-
certained if possible for marihuana, as well
as for other drugs, if a meaninglul potential
risk is to be determined. Certainly, we are
only at the beginning of our investigations,
and it 15 hoped that several investigators will
continue the study of the efTects of this drug
on human cells and report their findings. It
is as yet unknown precisely what blood levels
of the drug are attained in heavy users.
Subpharmacologie doses injected into vol-
unteers by Lemberger and  associates® ap-
parently produced blood levels far below the
higher concentrations investigated in this
study.

Finally, it is important to emphasize that
in vitro chromosoine breakage studies must be
well controlled and scored in a blind fashion
to eliminate bias. Spontaneous breakage and
gap rates vary from laboratory to laboratory,
methnd to method, and, indecd, experiment
to experiment. Widely varied concentrations
of the agent should also be tested. In this ex-
perinent, concentrations of from 0.1 to 100.0
pg per milliliter were used, the latter being
completely toxic with no growth seen. If
chiromosome breakage is considered a poten-
tial sign of nuclear damage, the in vitro
systemn allows for the control of most vari-
ables. Flowever, it must be remembered that
even within this system variables exist, and
data obtained from such experiments, wheth-
er positive or negative, must be interpreted as
part of the total picture and not as conclusive
evidence for the drug’s danger or safety.
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§UBACUTE EFFECTS OF HEAVY MARIHUANA SMOKING ON PULMONARY FUNCTION
< IN HEALTHY MEN

B Donarn P Tasukin, M.D., BerTraND . Sniariro, M.D., Y. P.Nocu Lee, B.S.,
AND CHarLEs F. HARPER

Ibstract  To evaluate the subacute effects of heavy
marthuana smoking on the lung, pulmonary function
was tested in 28 healthy young male experienced can-
nabis users, before and after 47 to 59 days of daily
td-libitum marihuana smoking (mean of 5.2 marihua-
n3 cigarettes per day per subject, 2.2 per cent AS-tet-
shydrocannabinol). Base-line  pulmonary-function
studies were nearly all within normal limits, but after
47 to §9 days of heavy smoking, statistically signifi-
ont decreases in forced expired volume in one sec-
ond (3 £ 1 per cent, S.E.), maximal mid-expiratory
Bow rate (11 % 2 per cent), plethysmographic specif-

HE increasing frequency of marthuana use in the
United States over the past decade! has stimulated
geater interest in its possible health hazards. Sinee the
principal route of administrationin this country ishy deep
mhalation into the hings, there is obvious concern regard-
agpossible adverse effects on the respiratory wract, partic-
glatly i view of the overwhehning evidence of the harm-
ful effects of chronic tohacco cigarette smoking on the
kng. Although acute atrway difatation has heen noted af-
o1 smoked marihuana both inchealthy voung men®® and
©mpatients with bronchial asthma 9 reports of bronchitis
dhier heavy or chironic smoking of marthuana®® suggest
that the long-term effects on the lang may he deleterious,
shhough these reports are cither anecedotal® or based on
duervations in which the variable of tobacco smoking was
ool controlled ¥ Since tests of pulmonary function arc ca-
puble of detecting abnormalitics in even voung, asymp-
wmatic smokers of tobacco, suggesting prohable early air-
ways disease, ™ the present study was designed to deter-
mine prospectively whether or not and to what extent
beavy marthuanasmoking over a period of approximately
wven 1o nine weeks might canse functional respiratory
mpairment in healthy young experienced cannabis users
sndwhether the quantity of marihuana smoked over this
period might be related 1o the degree of impatrment of
hng function,

MaTeriaL anp MeTHoODS

Volunteers were vecruited lhl:mg,h newspaper advertise-
ments, Only healthy male expericonced marihuana smokers were
xeepied for study, OF the 3 subjects selected, one withdrew
shortly af!crlnvin;, een .\L(cptctlimmh(-\md\.nml anotherleft
tefore ifs mmpl(!mn The Latter subjeet and the remaining 28
sudy participants ranged inage between 24 and 33 years, with a
mean .|g('of 24 years. During at feast the six-month period hefore
ey into the study, all 29 subjects bad smoked marihuana at

From the Depanment of Mcdicine, UCLA School of Medicine, L.os An-
gries, CA 90024, where reprint requests should be addressed to Dr, Tash-
[T

Presented at the annual meeting of the Americun Tharacic Saciety, Mon-
veal, P, Canada, May 18, 1975,

Supported by a contract (HSM 42-71-89) with the National Institute on
frug Ahuse,
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ic airway conductance (16 * 2 per cent} and diffus-
ing capacity (8 = 2 per cent) were noted as com-
pared with the base-line studies. The decreases in
maximal mid-expiratory flow rate and specific airway
conductance were correlated with the quantity of
marihuana smoked. These findings suggest that cus-
tomary social use of marihuana may not result in de-
tectable functional respiratory impairment in healthy
young men, whereas very heavy marihuana smoking
for six to eight weeks causes mild but statistically
significant airway obstruction. (N Engl J Med 284;
125-129,1976)

least {our davs a week, eight had smoked marihuana daily, and
four had smoked several times a day, Of the participants,-23 ci-
ther had never smoked tbacco or had notsmoked tobaceo for six
maonths and six smoked hall a package of cigaretes or less per
day. Only one subject sinoked hashish regularly. Prior inflormed,
writtenrconseni was obtained fromall participants.

Suhjects were sequestered on a carefully supervised research
ward of the Neuropsychiatric Institute at University of Califor-
nin, Los Angeles, for 94 days during which muld-disciplinary
studics of the biologic cffects of heavy marithuana smoking, in-
cluding the present investigation, were conducted. The first 11
davs of confinement served as a detoxification period during
whiich cannabis use was interdicted. Fach day therealter for the
following 80 days, except for one week between the 76th and 82d
days i the hospital, subjects smoked as many marihuana ciga-
rettes as desived, hut tobacco, aleohol and other drugs were not
permitted. This period of daily marihuana smoking was desig-
mated s the intoxication period, Fach cigarette contained 900 myg
of marihuana assayed by gas-ligquid chromatography at 2.2 per,
cent AQ-retrahyvdrocannabinol (AQ-THC),

Serial pulmonary-function studies were performed on the
cighth day of detoxilication, on the fourth day (“early intoxica-
tion”)and an either the 47th or the 59th day {("late intoxication™)
ol daily ad-libitum smoking, at the end of a one-week hiatusof no
smoking, which followed nine weeks of heavy daily smoking, and
one month after discharge from the hospital. On cach of the study
days, pulmonary-function tests were performed between 9 and
10a.m.andafier atleast nine hours ol nosmoking.

Spirometry was performed with thesubjectseated, withuscofa
13.5-liter warer-seal spirometer (Warren E. Collins, Incorporat-
ed). Foreed vial capacity, forced expired volume in one second
and maximal mid-expiratory flow rate were caleulated from the
hestof at least two vital-capacity efforts. Values were considercd
abnormal if they were > 1.64 standard deviations below the pre-
dicted value calculated fram the regression equations of Morris et
al. " hased on dataobtained in nonsmoking males.

Airway resistance uned thoracic gas volume were measured ator
near the resting end-expiratory volume with a 900-liter, con-
stant-volume whole-body plethysmograph 1817 Specific airway
conductance Givway resistance divided by thoracic gas volume)
was calculated from cacly of five sets of measurements, and the re-
sults were averaged. Values for airway resistance > 2.50 om of
water per liter per second and for specific airway conductance <
0.12 liter per sccond per centimeter of water per liter were con-
sidered abnormal. 181818

Closing volume was determined at least twice, a modified sin-
g,lr- ~breath nitrogen technic?® being used, with the subject stand-
ing. using n rapid-responding nitrogen analvzer (Cardio-Pulmo-
nary Instruments, Incorporated, Model 410Yand a Fleisch No. 3
prcumotachograph with electronic integration of low, Nitrogen
concentration and volume signals were recorded oscilloscopical-


http:ahnonn"I,'��I'.19
http:partiripants.23

ly, and the resulting curve was photographed. The volume at
which asustained upward deviation fom the slope of the alveolar
plateau (phase EH) of the nitrogen-washout curve first developed
wasassumed to represent closing volume, which was expressed as
a per cent of vital capacity. Calculations were made from tracings
in which the expired volume was within 5 per cent of the greatest
vital capacity, and expiratory flow rates were maintained at ap-
proximately 0.5 Hter persecond. The resultswere then averaged.
The change in nitrogen concenuration per liter was caleulated
from the slope of the alveolar plateau.*® Results of change in
nitrogen concentration and closing voluine were counsidered ab-
normal if > 2 standard deviations above the predicied value on
the basis of the regression equations of Buist and Raoss for non-
suoking males. 102!

Diffusing capacity of the lung for carbon monoxide was per-
formed in duplicate with a single-breath technic??; results were
considered abnormalif they were > 164 standard deviations be-
low the predicted vilue #

REesuLTs

Base-line lung function was completely normal except
for abnormalities in forced expired volume in one second
and maximal mid-expiratory flow rate in only one subject
who smoked tobacco (ladf a package a day) and hashish
(less than once a week), inaddition to marihuana*

Over the entive course of the study subjects smoked an
average total number of 377 marihuana cigarcues and an
average daily nuniber of 5.2 cigarettes, with a range of 1.7
to 10.0 mecan daily number of cigarcites per subject. In
general, this degree of nurihuana smoking considerably
exceeded cach subject’s customary social nsage.

The pulmonary-function tests performed alier 47 or 59
days of daily smoking (but after w least nine hours of no
smoking) were compared with the results of tests per-
formed in the same subjects during the base-line detox-
tlication period and expressed as a per cent change from
the base-line values for each subject; the per cent changes
for each test were then averaged for the endre group
of subjects. The significance of these changes was de-
ternined with Student's t-test for paired observations; P
< .05 was considered significant. The mean per cent
changes in lung function = | standard error (8.E.) of the
mean are shown in igare 1. Mean forced expived volume
m one second fell slightly but significantdy (P <0.01) after
chronic smoking. Larger wmean reductions in maximal
mid-expiratory flow rate and specific airway condnctance
were highly significant (P<0.001}); airway resistance in-
creased significanty in parallel with the reduction in
specific airway conductance. Individual values for max-
imal niid-expivatory flow rate and specific airway condue-
tance fell in 26 and 24 subjeats, respectively, out of the
total group of 28 subjects. There wus a slight but signifi-
cant average increase in closing volume (P < 0.05), but
nitrogen concentration per liter did not change. A modest
but significant fall in diffusing capacity was also observed.
Despite these findings of significant mean changes in
several indexes of lung function in the direction of func-
nonal impairment, “late intoxication™ results were still

*For more detailed information order NAPS Document 02734 from Na-
tional Auxiliary Publications Service, c/o Microfiche Publications, 440 Park
Ave. 8., New York, NY [0016; remitiing $1.50 for each microfiche-copy
reproduction or $5 for each photocopy. Qutside the United States and Cana-
da, postage is $2.00 for a photocopy or $0.50 for a microfiche, Checks or
money orders should be mude payable to Microfiche Publications.,
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Figurs 1. Changes in Forced Vital Capacity (FVC), Forced Ef-
pired Volume in One Second (FEV,), Maximal Mid-Expiralery
Flow Rate (FEF 5554 ), Airway Resistance (R,.}, Specific Air
way Conductance (5G,, ), Diffusing Capacity of the Lung s
Carbon Monoxide (DL . and Closing Volume as per Centd
Vital Capacity (CVNC, %j) after Chronic (47 to 58 Days), Heawy .
{Mean 01 5.2 Cigarettes per Subject} Daily Marihuana Smaoking
in28 Subjects. X
Values and vertical bars {except for CV/VC,%) represent ih '
means of individual per cent changes from initial base-lins
values =S.E.

tMean absolute change in CVNVC, % frombasevalues £ 15E
*Statistically significant as compared with zero (P <0.05}.

H

within the range of predicted normal values in all bu
three subjects, in whom maximal mid-expiratory flos
rate, closing volume ar airway resistance became slighth
abnormal.

The average daily number of marihuana cigareua
smoked by each subject was plotied against the per cen
chinges in maximal mid-expiratory llow rate and specif
ic airway conductance (Fig. 2), Linear regression slope
were obtained by the method of least squares, correlation
cocfficients were calculated, and the possibility of obtain- |
ing a given corvelation coefficient when no correlation exe
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Figure 2. Relation between Average Quantity of Marihuans j
Smoked per Day and Reductions in Maximal Mid-Expiratoy |
Flow Rate (FEF,5;5%.) and Specific Airway Conductanss |
(SG,.after 47 to 58 Days in 28 Subjects. ]
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wed was obtained from standard probability tables. Sig-
_gficant correlations were found between the average
quantity of daily marihuana smoked during the course of
the study and the degree of reduction in mid-flow rates
and specific airway conductance (Fig. 2). The changes in
birced expired volume in one second and closing volume
drerved in cach subject were not correlated with the
amountof marihuanasmoked.

Inthe subjects in whom lung-function tests were repeat-

, edboth after 59 days of daily smoking and after a subse-

quentseven-day period of nosmoking, or one monthafter
discharge, cach of the repeat studies was compared with
the same subject’s basc-line detoxication results and ex-
pressed as a per centchange from base fine. The mean per
tent changes in spirometric flow rates and specific con-
ductance for these subjects are shown in Figure 3. No sig-
nificant changes in forced expired volume in one second
were noted in this small subgroup of subjects. After 59
days of daily smoking, the mid-flow rates and specific con-
ductance were significantly reduced as compared with
base linc. Subscquently, after one week of no smoking, the
mean mid-flow rate had returned toward, but was still sig-
nificantly lower than, base line, whereas specilic conduc-
unce had returned essentially to base line. After one
month, the mean mid-flow ratc was similar tobase line. |

FEV FEF 3575

1 S_?ow
g0 . N
z
5 *
8 -10
! [ 4
| K
! =
g -20

[ Atter 59 days of heavy daily smoking (N-10)

[ Alter 1 week of no smoking lollawing 74 days of dally smoking
(N*61

Ore month alter discharge (N-8)

| Figure 3. Changes in Forced Expired Volume in One Second

{FEVy), Maximal Mid-Expiratory Flow Rate (FEF5.759,) and
Specific Airway Conductance (SG,.jwith Chronic Marihuana
Smoking and after Subsequent Cessation of or Reduction in
Smoking.
Velues and vertical bars represent the mean of individual per
centchanges frominitial base-linevalues +18.E.

‘Significantly different from zero as compared with initial ’

base-line values (paired data), P < 0.05.

ile results of texis performed in each subjectimmedi-
ately after the smoking of one or more marihnana ciga-
retics during “earh™ and “hue intoxication”™ were ex-
pressed as a per cent change from the vilues obtained in
the sine subject immediately before smoking. FThe aver-
age per cent changes in lung function observed in 11 sub-
jectsimmediately after only one marihuana cigarette dur-
ing both “carly™ and “late intoxication™ arc indicated in
Figure 4. Significant differences were noted between the
srute effects of one cigarctic on maximal mid-cxpiratory
flow rate, airway resistance, and specific airway conduc-
tince during “early intoxication” as compared with the
ume quantity smoked during “late intoxication.” in 17
whjeets, in whom lung function was measured immedi-
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Figure 4. Acute Effects of Smoking One Marihuana Cigarette

on Puimonary Function {Abbreviations as in Figure 1)-during

Early (Three Days) and Late (59 Days) Marihuana Intoxication
in 11 Subjects.

Values and vertical barsrepresent means of individual per cent
changes immediately after marihuana smoking as compared
with immediate pre-smokingvalues = 15.E.

Mean absolute change in CV/VC% from immediate pre-
smoking values,

*Significantly differentfromzero, (P <0.05).

ately after one maribuana cigarette during “carly intoxi-
cation” and immediately after an average of 4.6 cigarettes
during “lute intoxication,” comparable acute increases in
forced expired volume in one second, maximal mid-expi-
ratory flow rate, and specific airway conductance and
comparable acute decreases in airway resistance were ob-
served during both periods of intoxication,

Discussion

Previous studies have vevealed definite respiratory
symptoms in approximately 10 to 20 per cent of young
persons who were smokers of tobacea in contrast to a vir-
tual absence of respiratory symptoms in nonsmoking sub-
jects of the samie age.'#! It is of interest that none of the
subjects selected for this study, T of whom smoked mari-
huana at least daily and three of whom smoked several
timeslay, admitted 1o chironic conghy orsputom produce-
ton, wheezing, breathlessness or frequent chest illness,
However, vespiratory symptoms nuy have been underes-
timated in these subjects since a standardized respiratory
questioniire was not used.

Previons studics have demonstrated significant age-ad-
justed differences in closing volume and maximal expira-
tory flow rates at middle and low lung volumes in compari-
sons of tobacco cigarette smokers with or without symp-
toms with nonsmokers.®!"12 Qur failure o demonstrate
any diflerence in the same indexes of lung Innction com-
paring our group of moderate-to-heavy users of marihua-
na with nonsmoking males!™?! cloes not support the hy-
pothesis that social degrees of marihaana smoking cause
lung functional impairment. However, our study group
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nray not be representative of habirual marihuana smokers
as awhole because itwas notrandomly selected.

O the other hund, the changes in hing funcdon noted
oncomparison of L intoxication” with base-line studies
suggest that heavy marthuana smoking for 47 1o 349 days
causes mild but delinite narvowing of both large and ime-
dinn-sized airways s reflected by the inereases in airway
vesistatiee and decreases inspecitic conductanee)* and of
sundlairways (s rellected by the changes io maximal mid-
expiratory flow rate and closing volume).*#* The signifi-
cant correluions between the number of nuwihaam ciga-
rettes sipoked by any subject and the reductions in utid-
expiratory flow rates and specific conductance suggest
that the degree of impairment in airway dynamics is relat-
ed to the quantity of inhaled irritants contained within the
simoke. That these changes might be the result of an in-
flamnatory reaction of the racheobronchial epithelium
to chronic trritation from marthuana smoke is suggested
by previous findings of Henderson ¢t al.?¢ of inflamma-
ton and increased muceus on biopsies of tracheal mucosa
in voung men who had simoked > 25 g of hashish over sev-
erab months, The improvement in lung lunction noted in
our subjects immediately after nuwthuanae smoking dur-
ing ad hibituny "late intoxicanon” suggests that the chronie
fonctonal changes observed are probably not due to a
chronic pharmacologic effect of errahydrocannabinol
since the tracheobronchinlsmooth muscle was still capab
ol dilating acutely in response o marthuana smoking,
presumably reflecting an acute pharmacologic broncho-
dilitor action ol AU-tetrahydrocannabinol? Y However,
the signiticant differences in the bronchial dyninie re-
sponses to the same quantity of marihuana smoked dur-
ing “lare” versus “early intoxication” suggest the develop-
mient of partial pharmacologic tolerance 1o the bronchodi-
fator effect ol tetrahydrocunnabinol analogous to the wl-
cramce found in laboratory animals to most of the pharma-
cologiceffects of cunnabis.*?

The reduction in single-breath diffusing capacity for
carbon monoxide after heavy, daily nribuoana smoking
was not explained by iy difference in hang volume, he-
moglobin cobeentration or thime of breath-holding. Al-
though curboxyhemoglobin levels were not mcasured in
these subjects, itis unlikely that back pressure to the trans-
fer of carbon monoxide was responsible for the observed
deereases in the diffusing capacity of the hung {or carbon
monoxide?? since carboxyhemaoglobin has a half-life of ap-
proxinutely six hours®™ whereas our studies were per-
formed in the morning after w least a nine-hour absti-
nence from smeking,

Serial lung-function tests performed in the small num-
ber of subjects who were vestudied after cessation of
smoking for one week .uul, amin, one month after dis-
charge from the hospital indicate that the mild impair-
ment in airway dymunics vesulting from several weeks of
llczwy daily smoking was reversible. The return ol specific
airway conductance 1o base-line values after one wecek of
no smoking and of waximal mid-expiratory How rate to
inital values alter one month of presumably less heavy
smoking is consistent with a reversal of obsuructive
changes involving both the farge and small airways after a

I

.
decrease in the quanity ol inhaled irritanis, the improve. !

nent in smaller airways Lagging behind those in farger
ones, Improvement in some indexes of lung [unction ha
also been noted i tohaceo cigarette smokers with mild air-
wiys obstraction one to three months after cessation of
\m()Lm;, 1328

1t is of note thin despite statistically significant climges
in severad indexes of lung function alter 47 1o 59 days of

heavey marihwna smoking, values were still within lhc'
p;cdnml limits of normal in nearly all subjects, sugges:

ing that the observed changes might not be clinically im;
portant. However, the significant correlation between the
quantity of marihuana smoked and the degree of func
donal impairment and the lack of complete reversibility of
the functional chunges after one week of no smoking sug-
gest that heavy marihuana smoking over a much longe
period night lead to clinically important and less readih
reversible impatrment. Addigonal studies are needed for
further definiton of the nature and course of the abnor-
malities in lung mechanics and diffusing capacity assoctat-

cd with heavy marihuana smoking, to determine the rela |
tion of these physiologic abnormalities to possible mar-

phologic changes and to evaluate the long-term effects

tess heawvy, socil degrees of marihuana simoking on the |

lung.
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BIOLOGICAL DISPOSITION OF TETRAHYDROCANNABINOLS”
EDWARD B. TRUITT, JR. ’

Columbus Labomzorzcs Baltetle Memorial Institule, Columi;us Ohio 4

Despite many centurics of use and yvears of rescarch, there has been a rather
large “research gap” in our knowledge about marihuana (22). A primary area
of ignorance hasbeeo the almost complete lack of data concerning the fate of its
cannabinoids® or other components in body metabolism. This situation is unfor-
tunate because adequate drug metabolism studies are a necessary foundation for

‘comprehensive pharmacological and toxicological tests and for rational consid-

eration of the fundamental questions of safety and legalization.

Before the confirmation in 1964 of (—)-frans-A’-tetrahydrocannabinol (AS-
THC) as the primary active component in marihuana (11}, only meager evidence
was available concerning the biological fate of tetrahydrocannabinols. As early
as 1946, Locwe (19) showed a transfer between dogs of an ataxia-producing bloed
extract. Miras (23) measured the distribution of radioactivity in organs of the
rat after intraperitoneal injoction of purified THC preparation from a plant
grown in “CO.. He was the first to note two striking characteristics of THC,

namely that it is poorly absorbed after intraperitoneal injection, and that it is

highly concentrated in the liver. With the synthesis of A3- and A*-THC, and the
labeling of these compounds first with 3H (5, 24), and later with #C (27), meta-
bolic studies became possible.

Before discussing the metabolic fate of marthuana, a preliminary considera-
tion is needed of the fate of cannabinoids during pyrolysis into marthuana smoke
since this is the principal way in which the drug is used in most countries. This
review will endeavor to survey the information available at present concerning
the changes during the smoking process as well as after entry into the body,

SMOKING STUDIES

The earliest reported studics on the composition of marihuana smoke appar-
ently utilized plant material having an undocumented history and did not at-
tempt to simulate the smoking patterns typical of a marihuana smoker (7-9,
25, 30). Smoking studies at Battelle have employed a smoking machine’ pro-
grammed to reproduce the puff interval, rate and volume characteristics taken
from 4 large panel of experienced smokers (Foltz et al., unpublished data). Gen-

erally these smoking studies have rectificd certain early misconceptions and -

showed that the ratios of cannabinoids in smoke are similar to the ratios of

! Supported by contract PH-43-68-1338 from the Center for Narcotic Addiction and
Drug Abuse Studies, NIMH, nnd grant MH-18919, NIMH in collaboration with Roger L.
Foltz, Ralph 1. Mitchell, Henry M. Grotta, Allison F. Fentiman, Glenn Kinzer and E. G.
Leighty.

? Presented in part at the First Midwestern Conference on Drug Metabolism Umversaty
of Cincinnati, Junuary, 1971

3 The term eannabinoil is intended 1o inclinda the Cy compounds tvpical of and presen!
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cannabinoids found in the plant. The major exception to this is that the heat
of combustion converts most, but not all, of the THC-acid precursors into THC.
Contrary to early speculations, there is very little conversion of cannabidiol to
THC by ring closure and only minimal isomerization of A%-THC to A%-THC as
claimed by Lerner and Zeffert (18). The recovery of A%-THC which has been
added to reefers, made from exhaustively extracted plant material, has not
substantiated the repert by Claussen and Iforte (8) that over 90 % of the THC
is lost through combustion. The average distribution of A%-THC in smoke pro-
duced from the Battelle machine is shown in figure 1 (Foltz et al., unpublished
data). These data show that approximately 50 % of the total THC dose is deliv-
ered, provided the butt is fully consumed, and these findings have heen con-
firmed in another laboratory (20).

Absorplion

Many investigators have encountered difliculty in detcéting, much less quan-

tifving, unchanged THC in body fluids by using non-radicuctive techniques.

This difficulty is chiefly due to the rapid conversion of THC to its metabolite
(vide infra). THC has a half-life of only about 14 min in rabbits (2), 30 min in -
rats (16), and roughly 30 min in man based upon experiments with three normal
subjects (17). .

Smoke inhalation, the principal route of administration of marihuana in
man, is rapid and efficient but difficult to quantify and to apply to animals.
AMarihuana is also widely consunied orally, and Isbell ef al. (15) have shown that
absorption from the gastrointestinal tract is only about one-third as ¢ffective as
inhalation of smoke containing THC. Many pharmacological and toxicologieal

)

DISTRIBUTION . OF A'~THC 1IN

MARIHUANA SMOXLE

sIDEsSTREAM 8% MAINBTREAM 23%

PYROLYZED 50% sUTT 21%
Fic. 1. Distribution of A% THC in marihuana smoke
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studies point to sloxx and limited absorpmon of THC after mtrapentoneal ad-
ministration. The intravenous route, which is subject to limitations in chronic
usc and which is dissimilar to street use, remains the method of choice for short-
term experiments. :

The solubilization, micro-emulsification, or suspension of finely divided par-
ticles of THC is a necessary, but confounding, factor in the preparation of the
drug for absorption. The agents used have included various surfactants (Tween
80, Triton X-100, Pluronic I'-68), solvents (ethanol, propylene glycol, dimethyl-
sulfoxide, glycerin, and peanut, olive, or sesame cils) and suspending agents
(bovine serum albumin and gum arabic). Each of these agents may, in itself,

influence the rate of absorption of THC and some may produce pharmacological

effects. The wide variety of methods employed by different investigators makes
quantitative comparisons difficult, and the use of oils or the suspension of un-
solubilized THC microglobules appears to impede absorption.

Distribution

In addition to the early study by Miras, the distribution of radiolabeled
compounds has been studied in animals (2, 12, 13, 16, 29), and in man (17).
Most of these studies have used *H and report ouly the total radioactivity of

. tissues despite rapid metabolite formation (2, 4, 10, 32). Nevertheless, these |

data were useful in showing:
1. The rapid accumulation of radiosctivity in the liver;
2. Biliary excretion and persistence of the drug and/or metabolites in the
feces,
3. The ability of THC and/or mctabohtes to cross the placenta,
4. The portion of the drug and/or metabolites excreted via the kidney and
urine;
5. The lack of preference of the drug and/or metabolites for brain tissue.
By inhalation, the distribution pattern was not remarkably different from the
intraperitoneal route except for initial retention by the lung (12). In plasma,
80 to 95 % of the A%THC migrates in association with lipoprotein (31).

Aetabolism

The hepatic accumulation noted above prompted investigators in this labora-
tory (10), and others (2, 4, 32), to add A%- or A%-THC to liver homogenates and
then to the microsomal fraction fo examine possible metabolism #n vitro. Little
metabolic alteration occurs in whole liver homogenates, but, when the high
speed microsomal fraction (10,000 X g) is fortified with NADPH,* regenerating
system, a metabolite is rapidly formed which has been identified as 11-hydroxy-

AB-THC when A&-THC was used as the precursor (4, 10), or 11-hydroxy-A%-THC :

when AL-THC was used as the precursor (24, 32). The metabolite of A%-THC
has also been isolated and identified in urine (4, 5).

The importance of these hydroxy-THC metabclites is emphasized by 1) their
rapid formation (accounting for the difficulties of many investigators to detect

* NADPH:, nicotinamide adenine dinucleotide phosphate-reduced form.
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THC in vive), 2) their pharmacological activities which strongly resemble AS-
and A*-THC and exceed these precursors in potency, and 3) the parallel time
courses of their presence and the duration of observable drug action. Wall and
associates (32) have reported a further conversion of A%-THC to §,11-dihy-
droxy-A®THC and then to 11-hydroxy cannabinol. They have also detected
sidechain oxidation at the bela-position. Some 1l-hydroxy canpabinol is also
formed from cannabinol (33). These biotransformations may be summarized in
the following reactions scheme:

CH, CHOH ©CHOH

A HO
{;~\\Q?]\\ OH  liepatic A OH
i Microsomal . — )
0 TA Seriageste HC >
_—CHy Calln —CsHy
I, 0 G o
AXTHC 11-hydroxy-2-THC s,u-dihy;imxy-yfmc
: / CH.0H
CH.OH
‘ or
LG EH : )\
ClL—CIlL—CH—CH.—~CI, =~ H¢ O
me 0
11,16-dihydroxy-a*THC 11-hydroxy eannabinol

- Undoubtedly, the biotransformation of THC is complex, and multiple prod-
ucts must be anticipated. However, the full significance of the metabolic events
may well have other implications in addition to revealing the psychoactive
metabolite. Tolerance to marihuana is suspected to decrease during initial expo-
sures to the drug before it increases after chronic consumption of large amounts
(21, 22). Thus, induction of hepatic microsomal enzymes may explain in part
the increasing pharmacological effect of the drug during the first several expo-
sures in addition to improved smoking technique and better recognition of the
euphoric effect. Induction of microsomal non-specific oxidases is implied by the
finding of a shortened barbiturate sleeping time in mice treated chronically with
THC (28). Finally, a significant relationship may exist between persistence of
dihydroxy-THC and hydroxy-cannabinol derivatives and the after-effects of
THC on mood, motivation and thought processes.

Ezxcrelion

It is apparent that the apportionment of excretion products between the fecal
and yrinary routes will vary in different animal species (2). The presence of
metabolites in the urine was detceted before their identification (1, 6a). Only a
very small portion of free-THC is excreted intact in the urine, but some is con-
jugated with glucuronic acid (2). At least three major metabolites appear in the

urine of rabbits (2). These metabolites are more polar than THC and in the
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case of A3-THC one of these has been idcntiﬁéd as 1l-hydroxy-A8-THC (4, 5).

. Conversion of the urinary Il-hydroxy-A%THC to cannabinol with p-toluene-

sulfonic acid may provide o method for detection of cannabis use (3).

The conversion of THC to more polar metabolites provides a method for
differential extraction with dicthyl ether (16). In rats, the major route of excre-
tion for 11-hydroxy-A%-THC is through the feces, whereas in rabbits urinary
excretion predominates. In rats, the persistence of excretory products in the
feces suggested an enterohepatic circulation which has been confirmed by
Klausner and Dingell (16) who showed reabsorption of the metabolites after an
intraduodenal injection of bile in an untreated recipient rat. Reeyeling of THC
metabolites in this mannper is reminiscent of the macrolide antibiotics and may
also be related to the occurrence of gastrointestinal side effects by both groups
of compounds. :

Biological activity of metabolites

Fortuitously, a facile chemical conversion of A-THC to 11-hydroxy-A8-THC
has made available a supply of this metabolite in relatively pure form (>90%
purity) (10). The author has examined the behavioral action of the synthetic
motabolite in the rat by using a wide variety of test parameters (28) modified
from Irwin’s mouse behavioral sereening procedures (14). The metabolite repro-
duces the complete pattern and time course of both A%- and A®-THC activities
and is equal to or slightly more potent than these compounds by the intravenous
route. Similar cffects of all three drugs in the rat include cataleptic posturing
{(trance-like bohavior), bizarre acts (retropulsion and backwards cireling), abnor-
mal biting, hyperstartle reactions, decreased spontaneous exploratory activity,
vocalization in response to mild stimuli, and others. This same metabolite made
by de novo synthesis also produces effects in the monkey which are similar to the
parent drug (4). The metabolite of A*-THC has not yet been achieved by syn-
thesis, but relatively pure products isolated from hepatic microsomal prepara-
tions have shown THC-like behavioral activity in the mouse (24, 32). Indeed,
after intracercbral injection, the potency of 1l-hydroxy A%-THC is about 18
times that of the precursor compound [Christensen et al. (6)].

On the basis of increased THC potentiation of barbital sleeping time by the
microsomal metabolic inhibitor, SKF-525-A, Sofia and Barry (26) questioned
the metabolite activity hypothesis at least for depressant effects of THC. How-

* ever, preliminary study of this question by the author has indicated that this

effect of SKI-525-A may be an influence of the drug on hepatic metabolism of
barbital since the metabolite-barbital sleep time is also increased. It will be im-
portant to try the action of hydroxy-THC in man and to cxamine other major
metabolites for possible contributions to the prolonged after effects of THC on
mood, motivation and thought processes or other unsuspected toxic actions.
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Mitogen-Induced Blastogenic Responses of Lymphocytes
from Marihuana Smokers

Abstract. Blastogenic responses in vitro to phytohemagghuinin and pokeweed
mitogen were examined in microcultures of peripheral blood lymphocytes from
a group of 12 healthy, long-term marihvana smokers and a group of matched
control subjects. With either mitogen, no significant d{ﬁerence in cellular in-
corporation of [{Hthymidine was noted between the groups. These results were
interpreted to indicate that the functional status of blood lymphocytes was not
altered by long-term smoking of marihuana. :

The infiuence of long-term marihua-  expression of cell-mediated immunity -
na use on health is not yet clearly de-  and thus render the host more suscepti- -

fined although evidence to document its  ble to disease is still unvalidated; the -

potential hazards and deleterious ef- results of related studies are conflicting
fects on basic cellular mechanisms is  (2) and, in fact, the observations of

accumulating. The report by Nahas and  Nahas et 4l have not yet been con--

co-workers (/) that blastogenic re- firmed directly. For these reasons, we

sponses in vitro to phytchemagglutinin  examined the functional status of thy- -

and allogeneic lymphocytes were de- mus-dependent (T) and -independent
pressed in lymphocytes of long-term (B) lymphocytes from long-term mari-
marihuana smokers is especially pro- huana smokers. However, because
vocative. Their data indicated that the lymphocyte blastogenic responses have

depressed responses were comparable to  been reported to be depressed by .

those of cancer and uremia patients and  upper respiratory infections (3) and by

of transplant recipients undergoing im- inadequate nutrition (4), only con- -

munosuppressive therapy. The impres-  firmed healthy individuals wers selected
sion gained from these data that long- for study. We report here that mitogen-
term marihuana use may impair the induced blastogenic responses of lym-

phocytes from healthy, long-term mari-

huana smokers do not differ from those

Table 1. Mitogen-induced blastogenic re- ©of matched control subjects.

sponses of lymphocytes from marihuana A group of 12 individuals, ranging ‘
in age from 19 to 32, who had smoked

smokers and matched control subjects; §.D,,

standard deviation. ;
marihuana at least once per week for

Radioactivity (dpm)

Experi- per culture

ment per week for 4.8 years) was studied.
Smokers Controls  The group consisted of one black and
Phytohemagglutinin ten white males and one white female.

; %g’;};g :gg'ggg At the time of study, all admiited that -
3 208.781 181,150  they were still smoking marihuana and
4 155,362 163,708 that they had smoked at least once

g {gg-ég :g;-;g;’ during the preceding 48 hours, Twelve °
7 158,440 129687 Other individuals who never had
8 202,630 202,24t  smoked marihuana and deaied other
9 245,438 184,572 forms of drug abuse were selected for
10 221,013 141,866 d y . .
11 90,166 161,611 stu y as agE‘, Sex-, ana raClall'y
12 168,784 147,758 matched controls. AU study subjects
Mean + S.D. 178,811 166,205  were not receiving medication at the

(43,486) (25,903)  time of study and were in good health,
T - Pokeweed .. a5 judged from a detailed medical -
! 141,448 100,340 history; the values f lete blood
2 163,225 153372 ry; the values for complete blood
3 99,084 110,029  counts, erythrocyte sedimentation, total -
;i ég.gg;f ggﬁ; serum protein, and serum albumin -
p 107,180 173707 Were normal, In addition, all individu-
7 15,893 99,772 als in both groups showed normal
g lgg,ggi . gg.ggg values for serum glutamic-oxaloacetic
0 86,691 107214 trar}samznase, glutamic—pyruvic trans-
11 90,587 101,932 aminase, alkaline phosphatase, and
12 115,015 - 106852 tilirubin and were negative on testing
Mean * SD. (;112531;1 é-}i—{ggé for hepatitis B antigen. The normal
: ! (27585)  fiver function tests reasonably excluded
n
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the possibility of.subclinical hepatitis—
a condition known to depress cell-
mediated responses {5)—and indirectly
indicated that the subjects were not
using drugs, at least those that causc
abnormal liver enzyme levels (6).

The functional status of T end B
lymphocytes was determined in vitro
by iheir respective blastogenic responses
to phytohemagglutinin-P (PHA) (Dif-
¢o Laboratories) and pokeweed mitogen
(PWM) (Grand Island Biological) in
a microculture systern similar to that
described by Thurman and associates
{7). A marihuzna smoker and an ap-
propriately matched control subject
were studied within the same experi-
ment. Lymphocyte suspensions were
prepared from fresh, heparinized, pe-
ripheral blood by separation in a Hypa-
gue-Ficoll gradient. Approximately 2
X 105 lymphocytes were cultured in
0.2 ml of RPMI 1640 medium (Grand
Island Biological} containing 20 per-
cent autologous plasma. Triplicate cul-
tures were stimulated with 0.4 ug of
either PHA or PW)M; unstimulated cul-
tures served as controls. The cultures
ware incubated at 37°C for 3 days
when each was treated with 1 xc of [PH]-
thymidine (WNew England Nuclear) and
harvested 4 hours later. Lymphocyte
biastogenesis was measured by assay
of cellular incorporation of radioac-
tivity and was expressed as the aver-
age number of disintegrations per
minute (dpmi) per culture. The meth-
ods described by Croxton (&) were
used for paired and unpaired f-tests
of the significance of differences in
blastogenic responses between the mari-
huana smokers and the matched control
subjects.

The comparison of mitogen-induced
blastogenic responses of lymphocytes
from marihuana smokers and matched
control subjects is shown in Table 1.
Statistical analysis of the data by both
the paired and unpaired r-tests con-
firmed that there were no significant
difierences {P > .10) in the responses
tn ecither mitogen between the groups.
There also was no significant difference
in [*H}thymidine incorporation in the
unstimulated control cultures; the re-
spective mean values for marihuana
smoXkers and control subjects were 735
and 737 dpm.

{ These results indicate that long-term
marihuana smoking had no significant
effect on the functional status of T and
B lymphocytes and are consistent with
recent evidence suggesting that chronic

n

maribuana smokers have unimpaired
immune response capabilities, They
have been found to develop and ex-
hibit delayed-type hypersensitivity re-
sponses to 2,4-dinitrochlorobenzene in
the same manner as heaithy non-
smokers (9) and even to develop bu-
moral antibody reactivity against Can-
nabis extracts (10).

] Gur findings, however, differ com-
pletely from those of Nahas and his
co-workers €2) who described de-
pressed in vitro blastogenic responses
in lymphocytes of marihuana smokers.
Although the disagreement cannot be
explained at present, it is possible that
our study populations were not com-
parable, other than on the basis of
maribuana use. They did not describe
the health status of their subjects, and
there was no indication in their report
that they attempted to exclude sub-

clinically ill subjects from their study,”

as we purposely did. Another variable
to consider is tie time elapsed between
bilood sampling and when the subjects
last smoked marihuana. Because plasma
levels of Ad-tetrahydrocannabinol, the
putative active component of marihua-
na, reach a peak within 15 minutes
after smoking and decrease rapidly
thereafter (11), it is possible that im-
paired lymphocyte responses may be
detectable only within a relatively short
period after smoking. Even though our
study subjects admitted to smoking at
least once within 48 hours before
study, it is likely that only a few had
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smoked within the 12 houfs immedi-
ately preceding study. Nahas and his

associates did not include this informa--
tion in their report so that this possi-
bility also remains to be evaluated. Ob-

viously, similar immunologic studies
of other populations of marihuana
smokers appear necessary to clarify
these divergent observations. .
* StevEN C, WHITE
Steven C, BRIN
BeRNARD W. Janicki®

Veterans Administration Hospital,

Washington, D.C. 20422
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DISCUSSION

The papers in this study conclusively point out two
of the adverse physiological effects of marihuana use--
interaction of THC with cellular membranes and pulmonary-
respiratory effects. These two areas are not the only
areags of concern, but there is sufflolent evidence to
warrant a dlSCUSSlOn of the dangers.

The Study of THC and its interaction with cellular
membranes 1s still in its early stages. With the current
medical research at the cellular level, the research on
THC and membrane function will be of vital concern. - Since
the cell membrane is a phospholipid structure and THC is
highly lipid soipble, the drug does interact with the oeli
membrane. Schurr (1974) found that THC inhibits glucose
transporttacroés'cellulér membranes of huﬁan erythrocytes.

Lysolecithin acyl -transferase, a membrane-bound |
lymphocyte énzjme,,is important in changing membrane struc-
tufe The level of this enzyme in T lymphocytes 1s greatly
1ncreased When forelgn agents are present. Greenberg
(1976) dlscovered that THC causes changes in the lipid
phase of this enzyme, and these changes inhibit the activ-

1ty of the membrane- bound enzyme
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Since smoking is the common method of marihuana
use, the effect of marihuana use on the lungs is important}
Tashkin (1976) found that chronic smoking of mérihuana
broduces negative results on pulmonary function tests
(farced expired volume, dlffu81ng capa01ty, etc. )
Leuchtenberger (1973) concluded that exposure of lung ex-
plants to marlhgana smoke evokes abnormalities in DNA
synthesis, mitosis, and growth. There are also changes of
DNA and chromosomal complemeﬁt. The exposed cultures have
adverse effeoté such as necrosis and.cell death.

Since THC persists in plasma for'long periods and
tends to accumulate, the toxicity of the drug is a poten-
tial danger which should be mentioned. THC is highly lipid
soluble, and it has a high affinity for fat, lung,'and
brain tissue. AT high levels the drug is toxic to cells, -
and this poses'a‘potential danger for chronic users.
| Based onAthe evidence in this study alone, there is
sufficient proof that marihuana use has adverse physio-
logical effects. VThe effects of marihuana use on membrahe
function and pulmonary function are deleterious. However,
one important‘quéstionvremains to be answered. Does the
chronic uée of marihuana destroy an individual's health?
To an extent, the human body is able to endure physio-
logicél”étresses éu@h'as the ones discussed earlier. At

this date, there is insufficient data to conclusively re-
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port that chronic marihuana use is destructive to one's
health. However, the ample evidence of the harmful
physiological effects should serve as a warning that

chronic marihuana use may be harmful to one's health.
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