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Mutagenicity testing of 3 hallucinogens: LSD, psilocybin and 4°-THC,

using the micronucleus test

G. F. Van Went!?

National Institute of Public Health, Laboratory of Pharmacology, P.O. Box 1, Bilthoven (The Netherlands),

5 August 1977

Summary. Using the micronucleus test as a screening method for mutagenic activity, no significant increase in the
number of micronuclei was found when LSD, psilocybin or 4°-THC were administered in 3 logarithmically increasing
doses to mice. Azathioprine (Imuran®), given as a positive control, caused a statistically significant increase in micro-

nucleated cells.

Considering the application of lysergic acid diethylamide
(LSD) and psilocybin in psychotherapy and the use of
Cannabis as a hallucinogen, the testing of the mutagenic
activity of these substances is of great importance. One of
the methods recommended nowadays for testing the
mutagenic potential of chemical agents is the micronucleus
test. Schroeder? first mentioned the presence of micro-
nuclei in nucleated bone marrow cells and suggested
scoring as a reflection of chromosome-lagging. The devel-
opment into the mutagenicity test in use now was done
by Schmid et al.3: 4 The rationale of the test procedure
is the anaphase-lagging of acentric chromosome fragments,
apparently caused by chromosome break, while the cen-
tric elements move to the poles of the cell. Chromosome
loss due to partial impairment of the spindle fibres, can
also give rise to the presence of micronuclei. It is assumed
that entire chromosomes or chromosome parts, which
stay behind, form one or more small fragments of nuclear
material. These fragments usually are much smaller than
normal nuclei — they have a diameter of !/,-!/; of an
erythrocyte — and therefore are called micronuclei. Micro-
nuclei are found in an increased frequency in bone marrow
cells which have been exposed to certain chemical agents
(e.g. cytostatic agents). The micronuclei are preferably
counted in young erythrocytes, because erythroblasts ex-
pelling their nucleus retain the micronucleus.

In the micronucleus test, demonstration of a statistically
significant increase in the number of micronuclei is an

Survey of the number of cells with micronuclei in 1000 polychro-
matic erythrocytes in bone marrow of mice after 2 i.p. administra-

tions of LSD, psilocybin, A®%-THC and vehiculum respectively...

Azathioprine is used as a positive control

Treatment Number of cells Range of number
with micronuclei * of cells with
micronuclei
Saline 33 1-7
LSD 80 y/kg 1.7 0-9
LSD 160 y/kg 3.2 2—4
LSD 320 y/kg 4.5 2-6
Saline 2.5 1-5
Psilocybin 4 mg/kg 2.0 1-3
Psilocybin 8 mglkg 1.2 0-2
Psilocybin 16 mg/kg 2.4 2-3
49, Tween 80 2.5 1-5
A*-THC 5 mg 2.9 2-5
A®-THC 10 mg 2.5 1-4
A%-THC 20 mg 3.5 2-5
26-33

Agzathioprine 50 mg/kg  30.

*In each animal 1000 polychromatic erythrocytes were analyzed; the
values are the means corresponding to 5 animals, obtained using the
transformation of Freeman and Tukey.

indication for the chromosome-breaking potential of the
agent under investigation. Here we report experiments on
LSD, psilocybin and A4°THC. The latter compound was
chosen instead of Cannabis itself, being the main active
component of the preparation.

Material and methods. Young adult Swiss mice, 7-8 weeks
old, were used in the experiments. For each dose 5 animals
were chosen, 2 females and 3 males. LSD (Sandoz) was
given in doses of 80, 160 and 320 pg/kg b.wt; psilocybin
(Sandoz) in doses of 4, 8 and 16 mg/kg b.wt and 49-THC
(Batch UNC 441, United Nations, Narcotic Drugs) in
doses of 5, 10 and 20 mg/kg b.wt. For the positive control
experiment azathioprine (Imuran®, Burrough’s Wellcome)
was applied in a dose of 50 mg/ kg b.wt. The doses used for
LSD and psilocybin were derived from the human dose in
psychotherapy; for THC doses effective in animal behav-
iour pharmacology were chosen. LSD, psilocybin and aza-
thioprine were dissolved in buffered saline, for 4%-THC
49, Tween 80 in 0.99; NaCl was used as the vehiculum.
All agents were injected twice i.p. with an interval of 24 h;
and 24 h after the last injection the animals were killed
and bone marrow smears were made., The smears were
stained in May-Griinwald Giemsa stain according to the
procedure of Schmid4, with the modification that Seren-
sen buffer of pH 6.8 was used instead of distilled water.
In the slides 1000 polychromatic erythrocytes were
screened for the presence of micronuclei. The values given
in the table for each dose are the means corresponding to
5 animals, obtained using the transformation of Freeman
and Tukey. For the transformed data analyses of variance
were calculated.

Results and discussion. The results of the experiments are
given in the table. No statistically significant increase in
the number of cells with micronuclei was found after treat-
ment with different doses of LSD, psilocybin or 42-THC.
As expected, the mice treated with 50 mg/kg azathioprine,
known to be positive in the micronucleus test, did show a
significantly increased number of cells with micronuclei in
comparison to control values. After administration of
Tween 80, the vehiculum for A9-THC, the number of cells
with micronuclei was in the same range as the control
values of animals receiving buffered saline only.

Experiments concerning the mutagenic activity of LSD
have led to conflicting results. In recent studies dominant
lethals, the frequency of which was dose-dependent, were
induced in ¢ and & mice, using the dominant lethal test5: ¢,
Structural chromosome abnormalities in primary sper-
matocytes of rats and mice were sporadic, but a signifi-
cant increase in the number of spermatocytes with uni-
valents did occur?. No chromosome abnormalities were
found after in vivo application of the drug in humans® ®
and Syrian hamsters1?, However, an increase in structural
chromosome aberrations was found when LSD was added
to the lymphocytes of the same patients in vitro®.

In our experiments with the micronucleus test, no indica-
tion was found for a chromosome-breaking activity of



15. 3. 1978

LSD. The absence of the metabolic activity of the liver
and the greater sensitivity of cells in vitro may be causes
for the discrepancy in results between in vivo and in vitro
systems. Psilocybin has not been investigated as exten-
sively as LSD. Addition of psilocybin to human lympho-
cytes in vitro led to an increase of chromosome gaps?l.
This type of chromosome abnormality, however, is usually
not seen as representative for chromosome breakage. In
contrast to the publication of Eberle and Leuner!2, where
an increased number of chromosome breaks was found
in 4 patients treated with psilocybin, results of our ex-
periments with humans on psychotherapy and Chinese
hamsters 2® gave no indication for an in vivo chromosome-
damaging activity of psilocybin and are in good agreement
with the negative findings in the micronucleus test. The
results with THC in the micronucleus test correspond well
with literature findings. Neither A 8- nor 4°-THC induced
chromosome aberrations when added to human lympho-
cytes in vitro!® 14, A°-THC taken orally or smoked in
different dosages in cigarettes by humans, did not cause
an increase in chromosome breaks!s: 16, nor did s.c. appli-
cation in Syrian hamsters!?. In vitro addition of Cannabis
resin to embryonic rat fibroblasts or human lymphocytes,
in vivo application to pregnant rats or smoking by humans
did not lead to an increase in chromosome abnormalities 7.
In a large group of marihuana users, on the other hand,
a statistically significant increase in chromosome aberra-
tions was found® 1%, The conflicting data from marihuana
smokers may be explained by assuming a component,
other than THC, being the cause of the chromosome
damage. In mutagenecity testing it is not possible at
present to prove the mutagenic potential of a compound
in a single test system. Results of other tests will be
needed to confirm our negative results with the micro-
nucleus test.
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Chromosomal polymorphism caused by supernumerary chromosomes in Rattus rattus ssp. frugi-

vurus (Rafinesque, 1814) (Rodentia, Muridae)
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Summary. A chromosomal numeric polymorphism 2n = 38,39,40 and 41 in the species Rattus rattus ssp. frugivurus
(Rafinesque, 1814) is reported for the first time for this subspecies. The numbers 2n = 39, 40 and 41 are new for the
species. The polymorphism is due to the presence of 1,2 or 3 B-chromosomes, which are all small metacentrics of the
size and shaped very close to the other autosomes of the normal complement, and whose character of being super-

numeraries is shown in Meiosis.

While chromosomal polymorphism due to supernumerary
or B-chromosomes is widely extended in plants and among
some groups of insects?!, its incidence among the mammals
is rather rare. And yet, some cases have been described,
among which stands out one reported for the marsupial
Schotnobates volans®, which contains in its cells a variable
number of small additional metacentric chromosomes
(microchromosomes), ranging from 1 to 3. In Echymipera
kalabu was pointed out by Hayman?, in parallel with a sex
chromosome mosaicism. Certain extra or supernumerary
chromosomes were also reported in other mammalian spe-
cies, such as Vulpes vulpest-%. In rodents, Reithrodontomys
megalotys?, Rattus vattus ssp. diardii®, Rattus vattus® and
Apodemus giliacus o,

The numeric polymorphism of R. raftus ssp. diardii, de-
scribed by Yong?® in the individuals with standard karyo-
type 2n = 42 of Malaysia, is due to the presence of some

small additional chromosomes, which appeared all to be
small metacentrics, indistinguishable from small metacen-
trics of the normal complement. Gropp et al.ll found in
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