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Influence of Maturity on Immunosuppression by AS-Tetrahydrocannabinol (40202)

MARY M. PRUESS anp STANLEY S. LEFKOWITZ
Texas Tech University School of Medicine, Lubbock, Texas 79409

Evaluation of marihuana’s potential haz-
ards has indicated possible interference with
immunological defense mechanisms. Periph-
eral blood lymphocytes from regular users of
marihuana demonstrated an impaired capac-
ity to proliferate in the presence of phytohe-
magglutinin (PHA) (1). However, other re-
ports failed to substantiate an association be-
tween chronic marihuana smoking and a de-
pressed cell-mediated immunity (2-4). No
impairment was seen in marihuana smokers
subjected to a skin test measuring delayed-
type hypersensitivity (5). Further assessment
of T-cell function revealed a decrease in the
formation of rosettes with sheep erythrocytes
(SRBC) (6-8). Splenic lymphocytes obtained
from mice treated with A’-Tetrahydrocanna-
binol (THC) have been shown to be impaired
in their blastogenic response to PHA and E.
coli lipopolysaccharide (LPS) (9). Treatment
of mice with THC has also been responsible
for a reduction in the production of circulat-
ing antibody to SRBC (9, 11) and in the
number of IgM plaque-forming cells (PFC)
following SRBC challenge (10, 12).

Since chronic marihuana use has extended
to children, teenagers and young adults, im-
munological studies in animals should in-
clude drug regimens in young, immature an-
imals. It was therefore of interest to determine
if younger mice might be more sensitive to
the effects of THC.

Materials and methods. THC, provided by
the National Institute on Drug Abuse, was
prepared and administered in a vehicle of 5%
Tween 80 in phosphate buffered saline (PBS).
Male BDF, hybrid mice, 4-14 weeks of age
were injected intraperitoneally (ip) with
10-40 mg/kg of THC. Age-matched controls
received vehicle only. The total number of
daily injections varied depending on the pa-
rameter measured in order to accommodate
immunization schedules and peak responses.

Lymphocyte reactivity to PHA was mea-
sured by the method described by Adler et al.
(13). For all assays, single cell suspensions

were prepared by gentle teasing of the spleen.
Cells were washed and counted on a Coulter
Counter, Model ZBI. Hemagglutination titers
to SRBC were performed using a “micro”
system. Mice were injected for 4 days with
THC. On the first day of injection, in addition
to drug or vehicle, mice received 0.2 ml of a
50% suspension of SRBC. Following the pro-
cedure of Zimmerman et al. (12), blood was
collected by cardiac puncture 4 days after
antigen injection, allowed to clot, and the sera
removed. To avoid error seen with doubling
dilutions, previously inactivated sera were
initially diluted 1:2, 1:3, 1:5 and 1:15. Each
initial dilution was then serially diluted in
microtiter plates and incubated for 1 hour at
37° with SRBC. Antibody titers were read as
the highest serum dilution demonstrating def-
inite agglutination. The IgG plaque PFC re-
sponse to SRBC was determined by the lo-
calized hemolysis in gel method described by
Dresser and Wortis (14). Mice were injected
ip with 4 x 10° SRBC on day 1 and THC
was given on days 1-8. On day 9, when peak
IgG responses were obtained, mice were sac-
rificed and their spleen cells harvested and
assayed for the production of IgG PFC. Ro-
sette-forming cells (RFC) were detected by
the technique described by Greaves and
Moller (15). In these siuales mice were in-
jected for 7 days and sacrificed on day 8. On
the second day of injection, animals were
immunized with 0.2 ml of a 50% solution of
SRBC.

Results. The susceptibility of younger mice
to THC was reflected by a reduction of both
splenic and body wt and a reduction in the
number of spleen cells. This was either less
evident or not seen in the older animals with
the dosages employed (Table I).

Suppression of cellular immunity by THC
appeared to depend on the age of the drug-
treated animals. In 14-week-old mice, in-
jected with either 25 or 40 mg/kg, there was
little change in the responsiveness to PHA
(Fig. 1). On the other hand, 4-week-old mice
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TABLE 1. INFLUENCE OF AGE: EFFECTS OF A*-THC oN BoDY WEIGHT, SPLEEN WEIGHT AND SPLEEN CELLS.
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a

Age at first
injection

A*-THC (mg/
kg) (wks)

Body weight (g)°

Spleen cells
(mean no. X

Spleen weight (g)° 10%°

Experiment I 25 4
Vehicle

Experiment 11 25 14
Vehicle

55 £ 3.17°
93 + 555
99 + 5.16
98 + 5.67

0.063 + 0.006
0.085 + 0.005
0.090 + 0.005
0.078 = 0.005

16.97 + 0.75°
18.10 = 0.79
27.54 + 1.05
26.06 = 0.79

“ Six mice were injected with A°-THC, ip, for 5 days.
®Mean + SE.

¢ P=0.05.

¢ P = 0.025.

¢ P =0.005.

possessed an impaired capacity to incorporate
thymidine. The results obtained using young
mice injected with 25 mg/kg were compared
to those of identically-treated 14-week-old
mice (Fig. 1). Similar results were obtained
with 40 mg/kg.

The actions of THC on the humoral re-
sponse were also influenced by age. Circulat-
ing antibody to SRBC was reduced in both
4- and 14-week-old mice following treatment
with 25 mg/kg THC (Table II). However, the
effect on the hemagglutination titer was more
pronounced in the younger animals suggest-
ing an increased susceptibility to the drug.
IgG antibody production was compared in 7-
and 14-week-old animals exposed to 25
mg/kg (Fig. 2). Again both age groups were
affected, but the number of plaques in the 7-
week-old drug-treated mice were reduced to
50% that of the controls, whereas the reduc-
tion in the older mice was only 29% below
that of the age-matched controls. The SRBC
binding capacity of splenic lymphocytes from
14-week-old drug-injected mice was unal-
tered. In comparison, the number of rosettes
present in 4-week-old immunized mice in-
jected with 25 mg/kg was considerably below
that of the controls (Fig. 3). This reduction
occurred in both T-cell and B-cell rosettes,
which were delineated on the basis of num-
bers of attached erythrocytes (16). Specific
data on this parameter was recently reported
by Lefkowitz et al. (17).

Discussion. The dosage of THC employed
in these studies represents levels reasonably
comparable to those used in man when de-
termined on the basis of body surface area
and taking into account the THC dose range
for an average quantity of marihuana (18, 19)
and based upon the route of administration
(20, 21). The selection of these levels was
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FiG. 1. PHA stimulation of spleen cells from 4- and
14-week-old BDF, mice afier ip injection of A>-THC or
vehicle for 5 days. Results expressed as mean values +
SE for 4-5 replicate tubes.

TABLE II. INFLUENCE OF AGE: EFFeCTs oF A*>-THC
oN HEMAGGLUTINATION TITER TO SRBC.®

Age at
first in- Hemagglu-
A°-THC  jection tination ti-
(mg/kg) (wks) ter®
Experiment I 25 4 12 +3°
Vehicle 48 + 17
Experiment II 25 14 38 + 117
Vehicle 78 £ 14

“ Five mice injected with A°>-THC, ip, for 4 days.

® Results expressed as reciprocal of highest dilution
showing definite hemagglutination.

¢ P=0.05.

4P =0.025.

based on minimal toxicity with substantial
immunologic effect. Concentrations as low as
10 mg/kg frequently affected the immuno-
logic response, but the next concentration
(i.e., 25 mg/kg) was invariably effective.
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F1G. 2. Number of IgG plaque-forming cells (PFC)
per 10° cells from 7- and 14-week-old BDF, mice after
ip injection of A’-THC or vehicle for 8 days. Mean of 5
mice + SE.

Higher concentrations frequently resulted in
low body and spleen weight with reduced
splenic cellularity. Previous studies have also
indicated a reduction in thymus size with
higher dosages (11). Similarly, because our
investigations were based on short term ex-
posure to THC, we employed dosages higher
than those which might produce equivalent
effects from prolonged exposure at lower con-
centrations.

These studies demonstrated that the age of
the animal exposed to THC seemed to deter-
mine the effects of the drug on the immune
response. Cellular immunity in young drug-
treated mice was diminished but remained
unchanged in older mice as evidenced by
PHA stimulation. Humoral immunity in both
young and old mice was reduced by THC,
but the suppression seen in the young mice
was more pronounced.

A number of possibilities exist which may
explain these age phenomena. Available evi-
dence suggests that THC affects developing
cells more than mature cells (16). Therefore,
a young developing system might be more
sensitive to drug exposure whereas older an-
imals would tend to be more tolerant. The
interaction of THC with the lipid phase of
cell membranes is thought to play a role in
many of the drug’s pharmacological actions
(17). Certain changes in the membrane may
occur with age and alter the binding capacity
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of the drug, thus interfering with its immu-
nosuppressive properties.

Recently, it has been proposed that chronic
use of cannabis derivatives may lead to the
development of compensatory mechanisms
effective enough to overcome and restore an
initially suppressed immune response (16).
The younger system may be less able to de-
velop such a compensatory mechanism so
that chronic THC exposure would result in a
suppression which could not be restored. In
older animals, this mechanism may be fully
developed and thus allows these mice to over-
come the drug’s immunosuppressive effects.

Another factor which is capable of influ-
encing maturity-directed responses to THC is
a change in T-cell populations observed in
young mice. It is known that there is a chang-
ing of cell populations as well as alteration of
function of certain T-cells in aging mice.
There is a suggestion that thymic tissues from
newborn mice but not mice over 3 months of
age are able to repopulate lymph node T-
dependent areas in mice which have been T-
cell deprived (18). This would suggest a rather
critical period of time during the first few
months of life indicating that responses to a
drug such as THC could be somewhat differ-
ent from animals which are slightly more
mature. These studies suggest an increased
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F1G. 3. Number of rosette-forming cells (RFC) per
10° cells from 4- and 14-week-old BDF, mice after ip
injections of A>-THC or vehicle for 7 days. Mean of 5
mice *+ SE.
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susceptibility of younger mice exposed to
THC. Since marihuana is often used chroni-
cally by young people, the effects of the drug
on the immune function in these young users
must be considered.

Summary. Marihuana and its principal ac-
tive ingredient A°-tetrahydrocannabinol
(THC) has been shown to be immunosup-
pressive in mice. The present study was con-
ducted in order to determine if the immuno-
suppression was regulated by the maturity of
the animal. Splenic lymphocytes from 4-
week-old mice exposed to THC displayed a
reduced capacity for mitogenic stimulation
following in vitro exposure to phytohemag-
glutinin. Rosette formation, IgG plaque for-
mation, and synthesis of circulating antibody
to sheep erythrocytes (SRBC) were also in-
hibited after exposure of young mice to THC.
Cell-mediated immunity and rosette forma-
tion in 14-week-old mice was not significantly
altered by treatment with THC as evidenced
by the equivalent capacity of splenic lympho-
cytes from both drug and control animals to
respond to mitogenic stimulation and to bind
SRBC. Older mice were also found to be less
responsive to immunosuppression by THC in
relation to IgG plaque formation and hemag-
glutination titer.
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