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Cannabinoids in Male Mice: Effects on

Fertility and Spermatogenesis

Abstract. Exposure of adult male mice to cannabinoids is associated with a
reduction in fertility and an increased incidence of chromosomal abnormalities.
These effects are evident not only in the treated mice, but also in their untreated male

offspring.

Marijuana and its major psychoactive
component, A°-tetrahydrocannabinol
(THC), have been reported to alter re-
productive functions in several species
of laboratory animals and in humans (7).
In humans, marijuana exposure reduces
the sperm count and may result in abnor-
mal or absent acrosomal morphogenesis,
incomplete condensation of chromatin in
the sperm heads, and inhibition of sperm
maturation (2). Exposure of male rats to
cannabinoids significantly alters the sex
ratio of their offspring (2). Long-term
exposure of male mice to crude marijua-
na extract (CME) arrests spermato-
genesis, causes Leydig cell regression,
and results in significant increases in the
number of ring and chain translocations
in germ cells (3).

In the present study, we examined the
effects of long-term ingestion of THC,
cannabinol (CBN); or cannabidiol (CBD)
on fertility and on the meiotic chromo-
somes of the dividing germ cells in adult
male mice. In addition, we determined
whether exposure of these males to can-
nabinoids affects reproduction in their F,
offspring.

The subjects were obtained from our
colony of randomly bred mice, which are
derived from two inbred strains, Dw/Wf
and YS/Ch WF-dw, and from a randomly
bred stock, CD-1. Cannabinoids (50 mg/
kg) were administered orally three times
a week for 5 weeks to groups of 18 mice.
On the basis of a body-surface conver-
sion factor of 12 for mice, this dose
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corresponds to an oral dose of about 4
mg/kg in humans—the equivalent of
three marijuana cigarettes containing 1
percent THC (4). In mice this dose of
THC affects behavior for about 5 hours,
which is comparable to the duration of
the behavioral effects of a single marijua-
na smoking episode by a human (5). The
males were housed with adult females
from the third through fifth weeks of
treatment and during the first and fourth
weeks after treatment. Half of the preg-
nant females in each group were killed
between days 15 and 19 of gestation; the
remaining females were allowed to deliv-
er their pups and to raise them. We
recorded the number of corpora lutea,
resorptions, dead fetuses, viable fetuses,
live births, stillbirths, and postnatal
deaths and the percentage of females
impregnated. The Fy male offspring were

weaned at 21 days of age and housed,
four to a cage, until adulthood (60 to 80
days), when their reproductive status
was assessed.

Six weeks after treatment, the males
were bled by cardiac puncture under
ether anesthesia for radioimmunoassay
of plasma testosterone (5). Body and
testicular weights were recorded, and
testes were randomly sampled from each
group and prepared for cytogenetic eval-
uation.

To specifically evaluate the effects of
cannabinoids on germ cells without the
confounding effects of mating, four
groups of ten males each were treated
with sesame oil, the previously de-
scribed dose of THC or CBN, or CME
(25 mg/kg) daily for 5 days. The mice
were killed 50 to 60 days after treatment,
both testes were removed, and the mei-
otic chromosomes were prepared in ac-
cordance with the method described by
Evans et al. (6).

In an additional experiment, groups of
six adult male mice received a single
dose of THC or CBN (100 mg/kg), CME
(50 mg/kg), or oil (40 wl). The animals
were killed 14 days later and the meiotic
chromosomes were prepared for study.
A minimum of 50 plates showing the
chromosomes in diakinesis or metaphase
1 were examined, and all chromosomal
abnormalities were recorded.

In the final experiment, the F, male
offspring were tested for fertility, as had
been their cannabinoid-treated sires. Fe-
male mice that failed to become pregnant
were remated with fertile males to verify
their fertility. Each F; male was given
the opportunity (during a 1-week cohabi-
tation period) to mate with at least three
different females.

Males repeatedly exposed to CBD im-
pregnated significantly fewer females
than did control males (Table 1). Also,
significantly more prenatal and postnatal
deaths resulted from impregnation by
CBD-exposed males. Repeated exposure
to THC or CBN significantly increased

Table 1. Effect of repeated cannabinoid exposure on fertility, testicular weight, and plasma
testosterone, luteinizing hormone (LH), and follicle-stimulating hormone (FSH) in adult male
mice. Values not given as percentages are mean = standard errors. There were 18 mice per

group.
Impreg- Pre- Post- Weight
Treat- nation natal natal of r{e:tﬁs- LH FSH
ment rate loss* loss testes ( eg;’mf) (ng/ml) (ng/ml)
(%) %) @) (mg) o

0il 80 19 5 332 £ 10 92+29 21 £ 4 1103 = 148
THC 73 37t 10 310 = 10 123 + 3.4 28+ 8 1190 = 117
CBD 607 441 261 299 = 12 7.8 £2.1 25 =7 1300 = 108
CBN 73 50t 4 288 = 9% 6.1 £ 1.5t 5948 1604 = 748

*Refers to pregnancies in which there was evidence of mortality in utero.
corresponding value for oil-treated mice at P < .05 (chi-square test).

Duncan’s test). §P < .01

+Significantly different from
P < .05 (analysis of variance and
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Table 2. Chromosomal analysis of primary spermatocytes from cannabinoid-treated male mice.
Values are expressed as percentages. There were ten mice per group.

Uni-

Translocation

Aneuploidy

Treat Number valent Poly-
reatment of cells  chromo- Ring Chain Chain Mono- Tri- POy
analyze somes v v 111 somy  somy 4N)
Oil 500 4.07 0.54 0.27 0.00 0.00 0.27 3.88
CME (25 mg/kg) 500 1.44 1.91*%  3.35*  (.48* 2.39*  4.30%  5.74*
THC (50 mg/kg) 500 15.06* 312 1.42%  0.00 4.26%  9.66*%  5.40*
CBN (50 mg/kg) 500 5.05 5.05%  1.08* 0.36* 3.97* 4.33* 397

*Significantly different from corresponding value for oil-treated mice at P < .05 (chi-square test).

the percentage of pregnancies with fetal
loss, but did not affect impregnation rate
or postnatal survival. Testicular weight
and plasma testosterone concentration
were lower in CBN-treated males than in
controls 6 weeks after treatment, while
plasma gonadotropins were higher. Cy-
togenetic studies revealed chromosomal
abnormalities consistent in frequency
with the data reported in Table 2.

In the experiment designed to assess
the effects of cannabinoids on genetic
material, chromosomal rearrangements
(ring and chain translocations) were sig-
nificantly more frequent in the cannabin-
oid-treated males than in control males
(Table 2). In addition, in cannabinoid-
exposed males there was a marked in-
crease in the incidence of aneuploidy,
which might have resulted from nondis-
junction at a preceding cell division. Sev-
eral preparations were characterized by
a scarce number of cells in metaphase 1
(7). There was also a significantly higher
frequency of polyploidy in preparations
from the THC- and CME-treated mice
than in preparations from the controls.

In THC-treated animals the frequency
of unpaired sex chromosomes at meta-
phase 1 (15.06 percent) was significantly
higher than in the controls (4.07 per-
cent). Treatment with a single dose of
THC, CBN, or CME resulted in deple-
tion of cells in diakinesis or metaphase 1
(Table 2). Fifty percent of the CME-
treated animals showed this deficit,
while only 33 and 16.5 percent of the
THC- and CBN-treated animals, respec-
tively, were affected.

All the F; male offspring of the CBD-
exposed and control sires successfully
impregnated the females with whom they
were paired. In addition, the resulting
litters were normal by the standards of
our breeding colony (9 to 12 pups per
litter and less than 10 percent fetal mor-
tality). However, among the offspring of
the THC- and CBN-treated sires, 36 and
21 percent, respectively, were either in-
fertile or failed to produce normal litters.
In litters sired by two F; males from
THC-exposed fathers, one contained an
exencephalic fetus and the other a pup
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(delivered alive at autopsy on day 19 of
gestation) with exencephaly, spina bifi-
da, and exteriorized intestines. Testes
from the most severely affected group of
F, males were examined cytogenetically.
Chromosomal rearrangements were ob-
served in two of the eight animals evatu-
ated. They were associated with small
testis size.

These experiments indicate that brief
or repeated exposure to psychoactive
and nonpsychoactive components of
marijuana affects spermatogenesis and
fertility in male mice. These effects are
not rapidly reversible and may be ac-
companied by chromosomal rearrange-
ments and by changes in testicular
weight and in the concentration of tes-
tosterone and gonadotropin. It is not
known whether the reduction in fertility
and the chromosomal abnormalities are a
reuslt of (i) retention of cannabinoids in
testicular tissue (8) and subsequent local
action on gametogenesis or (ii) a reduc-
tion in pituitary or gonadal endocrine
function. However, the present data in-
dicate that fertility changes may occur in
the presence or absence of endocrine
correlates. It is doubtful that general
toxicity resulting from cannabinoid ex-
posure affected these results, since in
our experience no adult male mice have
died as a result of oral administration of
cannabinoids at these doses. Further-
more, we did not see any significant
changes in body weight or other evi-
dence of toxicity in this study.

The evidence that the untreated F,
male offspring exhibited reduced fertility
and chromosomal abnormalities marked-
ly similar to those in their drug-exposed
sires strongly suggests that the effects of
cannabinoids on reproduction are trans-
missible. It should be emphasized that
the F; male offspring were survivors
from matings in which there was evi-
dence of subfertility or perinatal loss,
and thus were not the offspring most
seriously affected by the cannabinoid
exposure of their sires. In addition, un-
detected chromosomal changes in the
form of minor deletions, duplications, or
inversions may have been induced as a

result of the treatment with cannabin-
oids, and these may have contributed to
the reduced fertility of offspring carrying
such chromosomal aberrations. Thus, it
is possible that cannabinoids induce mu-
tational changes in the polygenic system
which reduce the fertility of F; offspring.
The chromosomal analysis of treated
mice and their male offspring and the
occurrence of congenital birth defects
indicate that cannabinoids are capable of
inducing chromosomal aberrations in
germ cells and of producing genetic mu-
tations.
SusaN DALTERIO
Departments of Pharmacology and
Obstetrics and Gynecology,
University of Texas Health Science
Center, San Antonio 78284
FouaD BADR
Department of Zoology,
University of Kuwait, Kuwait
ANDRZEJ BARTKE
DENISE MAYFIELD
Department of Obstetrics and
Gynecology, University of Texas
Health Science Center

References and Notes

1. R. W, Fleischman, D. W, Hayden, H. Rosen-
krantz, M. C. Braude, Teratology 12, 47 (1975);
E. Bloch, B. Thysen, G. A. Morrill, E. Gardner,
G. Fuyjimoto, Vitam. Horm. (N.Y.) 36, 203
(1978); P. A. Fried, Psychopharmacology 50,
285 (1976); H. B. Pace, M. Davis, L. A. Bor-
gens, Ann. N.Y. Acad. Sci. 191, 123 (1971).

2. M. R. Issidorides, in Marihuana: Biological
Effects, G. G. Nahas and W. D. M. Paton, Eds.
(Pergamon, New York, 1979), p. 377; W. C.
Hembree, G. G. Nahas, P. Zeidenberg, H. F. S.
Huang, in ibid., p. 429; P. A. Fried and A, T.
Charlebois, Can. J. Psychol, 33, 125 (1979).

3. V. P, Dixit, V. N. Sharma, N. K. Lohiya, Eur,
J. Pharmacol. 26, 111 (1974); A. M. Zimmer-
man, S. Zimmerman, A. Y. Raj, in Marihuana:
Biological Effects, G. G. Nahas and W. D. M.
Paton, Eds. (Pergamon, New York, 1979), p.
407, H. F, S. Huang, G. G. Nahas, W. G.
Hembree, in ibid., p. 419; A, M. Zimmerman
and A. Y. Raj, Pharmacology 21, 277 (1980).

4. H. Rosenkrantz and M. C. Braude, in Pharma-
cology of Marihuana, M. C. Braude and S.
Szara, Eds. (Raven, New York, 1976), p. 677;
E. J. Freireich, E. A, Gehan, D. P, Rall, L. H.
Schmidt, H. E. Skipper, Toxicol. Appl. Pharma-
col. 34, 46 (1966).

5. S. Dalterio, Pharmacol. Biochem. Behav. 12,
143 (1978), , A. Bartke, C. Roberson, D.
Watson, S. Burstein, ibid. 8, 673 (1978); S.
Dalterio, A. Bartke, S. Burstein, Science 196,
1472 (1977); S. Dalterio, A. Bartke, D. Mayfield,
ibid. 213, 581 (1981).

6. E. P. Evans, G. Breckson, C. E. Ford, Cytoge-
netics 3, 289 (1964); W. L. Russell, in Radiation
Biology, A. Hollaender, Ed. (McGraw-Hill,
New York, 1954), p. 825; F. M. Badr, S. A.
Rabouh, R. S, Badr, Mutat. Res. 68, 235 (1979);
F. M. Badr, R, S. Badr, R. Asker, F. Hussain,
in Advances in Experimental Medicine and Biol-
ogy, Alcohol Intoxication and Withdrawal,
vol. 3A, Biological Aspects of Ethanol, M.
%' Gross, Ed. (Plenum, New York, 1977), p.

7. The metaphase depletion phenomenon was
quantified by evaluating a minimum of 1000 cells
from 20 different microscopic fields selected in a
specific pattern from two slides representative
of each animal. The total number of cells (except
sperm heads, cells in metaphase, and dividing
cells) was counted for each field and presented
as an index of cell division.

8. G. Nahas, C. Leger, B. Tocque, H. Hoellinger,
J. Clin. Pharmacol. 21, 208S (1981).

9. Supported by National Institute on Drug Abuse
grant 1 RO1 DA 02342 (A.B.).

11 January 1982; revised 18 February 1982
SCIENCE, VOL. 216





