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LSD 1830

LSD and Chromosomal Damage

KURT HIRSCHHORN

Both in vivo and in vitro studies have
definitely established that the psychot-
omimetic, hallucinogenic drug lyser-
gic acid diethylamide (LsD-25) can
produce profound chromosomal dam-
age in humans and that it does so in
some 75% of persons who use it.
The exact implications of these
chromosomal changes are not yet
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clear, but all evidence to date sug-
gests that they may have far-reaching
mutagenic, teratogenic, and carcino-
genic consequences. In short, it now
appears that the chromosomal damage
induced by rLsp—and the conse-
qences thereof — may be exactly com-
parable to that caused by ionizing ra-
diation, certain cytotoxic drugs, such
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Among chromosomal abnormalities seen in leukocyte cultures treated with LSD were
chromatid breaks (arrows), which occurred two to four times more often than in controls.

Isochromatid breaks (arrows) are essentially the same except that both chromatids
rather than one are broken at the same level and the distal portions displaced.
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as Mitomycin C, and certain viruses.
Further, there is at least a possibility
that other psychotomimetic agents
frequently employed by users of LsD
may enhance its chromosome-damag-
ing potential, but this is largely unex-
plored territory.

The in vitro ability of L s b to bring
about chromosomal changes like those
caused by radiation or potent cytotoxic
drugs has been demonstrated in a
number of studies, including our own
done with Dr. Maimon M. Cohen of
State University Medical Center at
Buffalo and Dr. William A. Frosch
of New York University School of
Medicine. In one study, for example,
we assayed effects of various levels
of Lsp on somatic chromosomes,
using leukocyte cultures made of cells
taken from six normal persons (three
of each sex ). None, it should be noted,
had a history of previous ionizing ra-
diation, 1.5 D ingestion, or recent viral
infection. The cells used were from
whole blood inoculum grown in micro-
culture. We added rLsbp at 48, 24,
and four hours, in concentrations rang-
ing from 10.0 to .001 pg/ml, before
harvesting the cells, reserving un-
treated cells as controls.

The results clearly showed that
Lsp significantly inhibited mitosis,
regardless of the concentration used.
However, the longer the exposure at
any given concentration, the greater
was the suppression of mitosis.

In the control cultures the spon-
taneous chromosome breakage rate
was 3.9%. In sharp contrast, the low-
est frequency of breakage among the
treated cells was 7.7% — nearly twice
the normal rate — and the highest rate
was 17.5%, or more than four times
the control level.

Perhaps even more significant, how-
ever, from the standpoint of muta-
genic, teratogenic, or carcinogenic
potential is the fact that only the s »-
treated chromosomes showed such
radical chromosomal changes as di-
centric chromosomes and exchange
figures. Moreover, the L s Db-treated
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cells also showed a large number of
small acentric fragments. These
breaks, occurring in two chromosomes
of the same cell, may be precursors of
dicentrics which are formed in the
healing process. Such end-to-end fig-
ures are commonly seen early in cul-
tures infected with sv-40 virus, and
they are followed at a later stage by
large numbers of dicentrics.

In one of our in vivo studies to
assess the chromosome-damaging po-
tential of Lsp, we used peripheral
leukocyte cultures from 22 persons
who had either ingested the drug or
had been exposed to it in utero. Con-
trols were 14 persons who had not
taken the drug. In every instance, a
history of Lsb ingestion was asso-
ciated with an increase in chromo-

somal damage above the mean level of

controls. The range was from 5.3%
to 25.1%, with a mean of 13.2%, an
increase of more than three times the
control mean.

lated with the number of doses,
amount per dose, or the time that had

elapsed between the Jast dose and the |

taking of blood. Also, other drugs
taken during the period that L. s b was
ingested did not seem to affect the
rate of chromosomal damage nor the
type of breaks that occurred.

As in the in vitro studies, most
of the abnormalities in 1 s p-affected
individuals were chromutid and iso-
chromatid breaks. But again, there
were radical changes umong the L s p-
treated group and none in the non-
Ls D group; the former showed 12 di-
centrics and five exchange figures.

Chromosomes of four children born
of mothers who had taken L s » during
pregnancy showed that offspring ex-
posed to “standard” doses (300 to 600
pg per dose) of s during the third
and fourth months of pregnuncy
showed break levels of 13¢¢ and 19%
Children who had been exposed in
utero to doses of 50 to 100 ug late

in pregnancy, however, showed break |

rates of only 4% and 7.5%. In one
instance, where the mother had used
“standard” L.sp doses early in preg-
nancy, the child showed a 13¢% chro-
mosome breakage rate 212 vears after
birth. All the children, however, ap-
peared to be normal and healthy.

In another study we investigated
the chromosome breakage rate in nine

100 Hospital Practice February 1969

However, degree of
damage did not appear to be corre- |

children exposed to 1.s» in utero and
in four children whose parents had
used LsD before, but not during, preg-
nancy. Once more, we found signifi-
cantly higher than normal rates of
chromosome breakage, with the chil-
dren who had been exposed in utero
showing the highest rate. The 1.sb-
exposed children also showed various
chromosomal structural changes, such
as dicentrics and quadriradials, nei-
ther of which were found in the con-

to show that a given drug or agent
can cause chromosome breakage and
quite another to show that the re-
sultant damage is itself deleterious. In
the long run, however, it is likely that
the chromosomal damage induced by
Lsp is harmful. Chromosomal breaks
are followed by a number of rearrange-
ments, and chromosomal rearrange-
ments in turn have been associated
with mutagenesis, carcinogenesis, and
teratogenesis.

trol children.

The evidence for assessing the
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chromosomal damage remains frag-
mentary. However, one case is on re-
cord that suggests that induced chro-
mosomal changes may be injurious.
This is the case of a youth in whom
a Philadelphia-like chromosome was
found when he developed acute myelo-
genous leukemia. He had used several
hallucinogens, including 1.5, mesca-
line, and marijuana (as well as am-
phetamines) over a period of time.
In this instance, of course, no
causal relationship could be estab-
lished between the acute leukemia and

LSD ingestion, nor between the drug
and the chromosomal abnormality.
The relationship between the drug
and the Philadelphia-like chromosome
remains purely speculative. Only fur-
ther studies — defining both the emer-
gence of the abnormal chromosome
and its association with myelogenous
leukemia, and particularly the appear-
ance of both in a user of Lsb —can
clearly elucidate the relationship be-
tween drug and disease.

Considerable indirect evidence sug-
gests that the types of chromosomal
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damage caused by 1.5 b may be direct-
ly harmful to the person affected. For
example, similar chromosomal aber-
rations arise spontaneously in three
diseases known to be inherited in an
autosomal, recessive pattern: Bloom’s
syndrome, Fanconi’s syndrome, and
ataxia telangiectasia. Patients with
these syndromes also show a high pro-
pensity to leukemia and the growth
of neoplasms.

Suggestive also is the fact that a
number of conditions, such as mongol-
ism, are accompanied by a chromo-
somal imbalance. Mongoloid children,
for instance, have one extra chromo-
some; they are also more than ordi-
narily prone to leukemia. An abnor-
mal number of chromosomes has also
been reported in chronic myeloprolif-
erative diseases and leukemia.

Cells from neoplasms themselves
often show a variety of chromosomal

| aberrations, much like those following

L.s b exposure. It should be reiterated,
moreover, that such carcinogenic
agents as radiation, benzene, and (in
animals) viruses also cause chromo-
somal changes similar to those caused
by Lsv. Here again, whether chromo-
somal damage and malignancy
causally related remains unclear, but
the association of one with the other
is firmly established.

Thus, one of the obvious potential
hazards from exposure to Ls» or any
other chromosome-breaking agent is a
possible future increase in leukemia
and other neoplasms in exposed indi-
viduals. We have, in fact, suggested
that conversion from chronic myelo-
genous leukemia to acute leukemia
may result from chromosomal damage
superimposed by the cytotoxic agents
used in treating the chronic condition.

Although none of the children ex-
posed to 1.5 b in utero have shown any
damage other than chromosomal aber-
rations, the production of congenital
defects appears to be u real possibility.
Birth defects attributable to 1.s» in-
gestion by the mother have been re-
ported, but this observation must be
interpreted cautiously in view of the
high frequency of birth defects found
in the general population.

The teratogenic potential of 1.sp
has, however, been clearlv shown in
experimental animals. When the drug
is injected into rats, hamsters, or mice
early in pregnancy it is associated

are
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Radical changes like the exchange figures shown above were not seen in control cultures.
The findings in both the in vivo and the in vitro studies were identical.

with a wide range of defects in the
offspring, including stunted growth in
some, severe malformations of the cen-
tral nervous system and morphologic
anomalies in others. These teratogenic
effects are most pronounced when the
drug is given early in gestation, but
they still occur to some extent even
when it is given at a later time.

The findings suggest that the drug
has a limited, highly specific time
period during which it may cause fetal
malformation. If this is so, then it may
be that many women who have borne
normal children even though they took
L s b during pregnancy simply did not
take the drug at the critical period.
Further, if such a critical period does
exist for humans and comes very early
in gestation, producing severe or gross
malformation, the result in most in-
stances may be abortion. The latter,
of course, may go unnoticed.

Perhaps the greatest hazard from
Lsp or any other chromosome-dam-
aging agents arises from potential
damage to the gametes. One agent,
streptonigrin, has been shown to dam-
age the meiotic chromosomes of the
ova of mice. And if chromosomal dam-
age similar to that seen in rodent sper-
matogenic cells — or in human leuko-
cytes — does occur in human meiotic

Dr. Hirschhorn is Arthur ]J. and Nellie Z.
Cohen Professor of Genetics and chief of
the division of medical genetics, depart-
ment of pediatrics, the Mount Sinai School
of Medicine, New York.
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cells that give rise to viable gametes,
obviously Lsp could have a genetic
effect. Given the nature of these
changes and their mechanism of in-
heritance, this might of course prove
impossible to establish for a number
of years. In this connection it may be
pointed out that chromosome rear-
rangements result in structural anom-
alies including balanced reciprocal
translocations. Segregation of such
results in chromosomal imbalance as-
sociated with fetal wastage and in-
creased incidence of congenital abnor-
malities and mental retardation. Since
the carriers of these balanced translo-
cations are usually clinically normal,
the consequences of the chromosomal
imbalance may not become apparent
for several generations.

There is at least one case sug-
gesting Lsp actually does cause bal-
anced translocations of this type. The
child involved, born of parents who
had taken Lsp before the pregnancy,
had many of the stigmata of trisomy
13 and died shortly after birth. Cyto-
genetic analysis showed a modal num-
ber of 46 chromosomes, including five
members of group D and an extra
chromosome resembling chromosome
3. This marker element was taken to
be a translocation between two group
D chromosomes, with subsequent ad-
jacent segregation during meiosis
leading to the trisomic condition. Both
parents had karyotypically normal
somatic cells, suggesting that the
child represented a de novo transloca-

tion caused by drug-induced chromo-
somal breakage in a germ cell.
Whatever may have occurred in
this particular instance, it is logical to
assume that since it appears in the cir-
culation, L s p has access to the germ
cells and presumably may damage
them just as it does somatic cells. Ac-
tual damage to the germ cells in man
could of course be shown only by gon-
adal biopsy. Barring such studics, as
we have indicated it will take some
years to measure the total damage to
the human population caused by Lsb.
Since users of 1.5 b quite often are
users of other hallucinogens, the ques-
tion of whether other drugs may en-
hance the chromosome-damaging po-
tential of Lsb assumes special im-
portance. Unfortunately, we do not
have a clear-cut answer. In one study
involving children who had been ex-
posed in utero to the hallucinogen
Psilocybin as well as to Ls D, a higher
rate of chromosomal damage was
found than in children exposed to .S b
alone. Whether Psilocybin potentiated
the LsD or vice versa is a matter of
speculation; Psilocybin itself has
chromosome-damaging potential.
Complicating the picture is the fact
that children exposed in utero to mari-
juana and L s showed the same rate
of chromosomal damage as children
exposed to Lsb only. Further, some
adults who were exposed to both these
drugs showed no rise in chromosomat
damage at all; it is possible that those
covered in this study were among the
25% of Lsp users who suffer no
chromosomal damage. At the same
time, this and other evidence suggests
that marijuana as such neither directly
damages chromosomes nor potentiates
Lsp in such action. It should be
stressed, however, that no studies with
tetrahydrocannabinol, the active prin-
ciple of marijuana, have been done.
Given what is known of the mech-
anisms of chromosome breakage, it is
reasonable to expect that many agents
that are not themselves capable of in-
ducing damage may enhance the abil-
ity of others that are. For example,
ultraviolet light, which is mutagenic,
becomes even more so in bactetia
treated with caffeine at levels too low
for the caffeine itself to be mutagenic.
Quite possibly caffeine and a number
of other agents can prevent the normal
repair of chromosome breaks that
would occur in their absence.
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In the final analysis, it may not
be the breaks themselves that are of
greatest importance but the manner
in which they are brought about. Per-
haps only through understanding the
how and why of chromosome breaks
will we come to understand their con-
sequences fully. But we ulrecady know
that even though some chromosome
breaks may appecar morphologically
alike and be completely nonrandom in
distribution, the different agents able
to bring about such apparently similar
changes act by different mechanisms.
We know further that seemingly sim-
ilar chromosomal aberrations may
lead to quite different results, caus-
ing carcinogenesis in one instance,
teratogenesis in another, mutagenesis
in still another.

Several phenomena have been dem-
onstrated to have the capability of
damaging chromosomes. They include
free radical formation due to lonizing
radiation; incorporation of nucleotide
analogues into b N A; cross-linking of
the DX A molecule by agents such as
Mitomycin C; faulty synthesis of pro-
tein or precursors needed for repair;
and release of Iysosomal v N ase and
cathepsins by agents that have been
incorporated into lysosomes. Thus far
the evidence indicates that the chro-
mosome damage caused by 1.5 D prob-
ably occurs after the completion of

DN A synthesis and possibly arises di-
rectly from metabolic errors or from
lysosomal membrane instability. The
critical factor in producing long-térm
effects from chromosome damage ap-
pears to be the production of rear-
rangements  (especially  exchanges
which result in translocations). Sim-
ple breaks alone, such as those pro-
duced by measles, colds, caffeine, and
perhaps even aspirin, disappear within
one cell generation, with death of the
affected cells, and are probably harm-
less, except possibly when they occur
in the young fetus.

In assessing the chromosome-dam-
aging potential of Lsb or of any other
agent, the possible effects of other,
non-drug, elements in the total envi-
ronment should not be overlooked. It
seems to be a fuct that many who use
L sv are also likely to suffer from mal-
nutrition, from hepatitis, or from
other concomitants of their way of life.
These factors may very well affect the
chromosome-damaging potential of
1.s b. But the relative weight of these
factors could be established only by
rigidly controlled studies — not a like-
lv prospect, given the nature of the
problem.

For the present, then, it seems quite
obvious that, like radiation and a num-
ber of cvtotoxic drugs, 1.5 b is poten-
tially dangerous, genetically speak-
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Philadelphia chromosome. shown at lower
right (normal 21 pair aboce), has been
linked with leukemia; such a chromosome
was found in one young LSD user who
deceloped acute myelogenous leukemia.

ing. It is certainly capable of induc-
ing extensive chromosomal changes
in man, and it is possible that these in
turn may lead to teratogenesis, muta-
genesis, or carcinogenesis. It appears
almost certain that an undetermined
proportion of 1L p-induced chromo-
somal aberrations are detrimental,
either to the person immediately in-
volved or to his offspring. These rea-
sons make it all the more important to
approach use of LsDp, under anv cir-
cumstances, with extreme caution. [J
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