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Extract

This paper reports the cytogenetic investigation of nine children exposed to LSD-25 in utero, four
children of other LSD users not exposed in utero, the mothers of these children, and six additional
adults taking the drug. In comparison with matched controls, significantly elevated frequencies of
chromosomal damage were observed in all the individuals exposed. The frequencies of aberrations,
however, were markedly reduced in those children not exposed in utero. Eight structural rearrange-
ments were observed, six dicentric chromosomes and two quadriradial formations, among those
individu.Js exposed to the drug, but none was observed in the controls. In spite of obvious chromo-
somal aberrations, all of the individuals in this study were apparently healthy and showed no obvious
birth defects.

Speculation

The significance of chromosomal damage produced in utero by pharmacologic agents and observed in
the circulating lymphocytes of exposed infants and children remains controversial. Analogies have
been drawn which suggest possibie consequences of these lesions. The present study documents
chromosomal damage in somatic cells of patients lacking any physical abnormality and reemphasizes
the necessity for defining the extent to which chromosomal imbalance can be tolerated without
phenotypic deviation. One can only speculate on possible biological events were such agents to affect
the chromosomes of spermatagonial cells and thus yield defective gamates. Were this to eventuate,
drugs with chromosome-breaking potential could act as powerful mutagens and have effects persisting
into subsequent generations.

Introduction

The ability of the hallucinogen, lysergic acid diethyl-
amide (LSD-25), to induce chromosomal damage in
human leukocytes has been demonstrated in vitro [ 10,
21]. Additionally, an increase in chromosomal break-
age in peripheral leukocytes of users of LSD has also
been observed by several investigators [11, 15, 20, 36].
During these studies, preliminary evidence of trans-
placental passage suggested that chromosomal damage

to the developing human fetus might be observed
following maternal ingestion of LSD during pregnancy
[11, 15, 36]. Thercfore, additional children exposed to
LSD during various times of gestation were investi-
gated.

Materials and Methods

The mother-child pairs, both of the subject and of the
control groups, were volunteers from a middle class
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background and all had completed varying levels of
college education. Those with exposure to LSD con-
tacted us primarily as a result of articles in the lay
press concerning the possibility of drug-induced chro-
mosomal damage. The control pairs were obtained
from laboratory personnel and hospital staff members.
All subject pairs underwent an extensive interview by
both a psychiatrist (in some instances, two) and a
social worker at the Bellevue Hospital Psychiatric
Division. Data relative to drug history (particularly
LSD), with emphasis on usc prior to and during
pregnancy, as well as radiation exposure, viral infec-
tions, and recent illnesses were obtained independently
by both interviewers. Upon comparison of the results,
no major discrepancies were observed. Similar in-
formation was obtained from the control pairs by the
social worker. The two groups had very similar medical
histories. Almost all the mothers in both groups had
had an x-ray examination of the chest, but no addi-
tional radiation exposure. One subject child (12a),
exposed to LSD in utero, had had a series of four or five
roentgenograms of the skull five months prior to ob-
taining the blood specimen for cytogenetic evaluation.

The sample consisted of nine children exposed to
LSD during pregnancy, four children whose parents
used LSD before conception but with no maternal use
during pregnancy, the mothers of these children, and
six additional adults taking the drug. Four of those
children exposed in utero had been previously investi-
gated [11]. The comparison group, matched for age
and sex, consisted of 15 normal, healthy individuals
(six children and nine adults) who had not ingested the
drug (tables I and IT).

Chromosomes were obtained from peripheral leuko-
cyte cultures initiated from whole blood inoculum (two
drops) grown in commercially available microculture
kits [37]. Two replicate blood samples per subject were
collected and coded. The microculture tubes were
placed in an incubator at 37° for 72 hours, the last two
hours in the presence of 0.5 mg of Vinblastine [38] per
tube, and slide preparations were made following a
modification of the method of NooRHEAD et al. [27].
Four or five cover slips (22 mm?) were prepared from
each subject and mounted randomly, two to a micro-
scope slide. The coded slides, prepared in New York
City, were sent to Buffalo, New York, for analysis.
Twenty-five well-spread metaphases per cover slip
were selected under low power (< 250) by persons not
involved in the scoring of chromosomal damage. De-
tailed analysis of the cells for chromosomal abnor-
malities (oil immersion, X 2500) was done by one
person.

Chromosomal damage was classified as either chro-
matid or isochromatid breaks; other structural ab-
normalities were also noted. A chromatid break was

defined as a visual discontinuity of the chromatin
material in which the distal fragment of a single
chromatid was displaced from the axis of the proximal
portion. An isochromatid break was defined identical-
ly, except that both chromatids were broken at the
same level and the distal portions were displaced. Both
of these types of abnormalities were scored as single
breaks. ‘Gaps’ or visual discontinuities of the chro-
matid material without displacement of the distal
portion were noted but not considered as breaks.
Exchange figures (triradials and quadriradials) and
dicentric chromosomes were counted as two breaks.

Results

The frequencies of chromosomal aberrations observed
in the individuals studied are shown in tables I and II.
From these observations, a statistically significant dif-
ference in ‘chromosome break rate’ is noted between
the control subjects and individuals exposed to LSD.

Table I. Chromosomal damage in control group

Patient? Sex Age in Breaks
years % cells
counted

A. Mother-child pairs

1 M 2 2.0 150
I F 23 0.7 140
2 M 1.5 1.3 150
II F 24 0.7 150
3 F 3 0.8 125
111 F 35 1.5 131
4 F 0.3 0.7 150
v F 27 0.0 132
5 M 1 0.0 100
\% F 23 20 100

Mean 0.98 1328
Children mean 1.04 675

B. Non-paired group

Ad M 24 2.0 150
Ad 2 M 22 1.3 150
17 F 1.3 24 125
Ad3 F 22 2.0 150
Ad 4 F 20 1.0 100

Mean 1.78 675
Total control mean 1.25 2003

1 Arabic numerals: children; Roman numerals:
mothers; Ad: adults.
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Table II. Chromosomal damage in individuals exposed to LSD.

Patient? Agein  Scx No. of No. of No. of  Interval Breaks Comments Other Other
years doses  doscs doses between last drugs drugs
priorto  inutero  dosc and % cells in utero® by history?
conception investigation counted

A. Mother-child pairs (In utero)

6 0.33 M 30 8 mos 53 75
VI 26 F 36 6 3 wks 6.7 150 A,M, 0O
7a 2 F 8 7 30 mos 1.3 150 P,M
7b 5 F 1 5 yrs 2.0 150 AP, M
VI 26 F 20 30 mos 4.7 150 A, O,M,P,H
8 0.55 M 19 1 15 mos 0.0 100
VIII 20 F 20 15 mos 1.0 100 M,O,B, A
9 1.6 F 2 I 28 mos 7.3 150 1 quadriradial M
X 22 F 45 2 mos 7.8 128 M
10 0.9 F 4 14 mos 19.0 300 1 dicentric M, H, C
X 21 F 7 14 mos 64 78 M,B,O,H,C, A
11 1.5, M 5 1 34 mos 13.0 300 1 dicentric
X1 25 F 15 3 wks 20.3 300 1 quadriradial H,M, A
12a 0.17 M 44 4 6 mos 4.0 200 C, M
12b 5.5 F 42 2 5.6 yrs 7.5 200 M
XI1I 28 F 100 6 mos 11.0 200 A, P,H,C,M
Mean 9.34 2731
Children mean  9.22 1475
B. Mother-child pairs (prior to concefition )
13 1 F 6 2.5 118
XIII 24 F 6 24 mos 3.7 80 AM
14 0.66 F 11 2.0 150
X1V 25 F 11 24 mos 6.7 150 M,H, A
15 0.5 M 8.7 150 2 dicentrics
). 4% 25 F 12 12 mos 8.8 125
15 4 M 1 2.9 150
XVI 26 F 20 30 mos 4.7 150 A, OMPH

Mean 5.03 1073

88%
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A, B, C, H, M,

O, P

1 dicentric

100
150

14.0
6.0

1wk
2 mos

200

21
21

C. Non-paired group

Ad 5
Ad 6
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The overall mean of the control group was 1.2 % cells
with breaks (range 0.0-2.49;) as opposed to 8.29%
breaks (range 0.0-20.3 %) in the subject group. This
difference is statistically significant by the ‘t’ test
TTOT (p<0.01). The control group showed much less varia-
S22 = bility in chromosomal breakage than did the subject
group, and in some cases there was an overlap of
values. There was, however, an almost 8-fold increase
in chromosomal breakage among individuals exposed
to LSD. The response to the drug varied considerably
from individual to individual since there was a wide
range of values observed in the subject group. Some
of these were well within the normal control range.

Disregarding the adults and comparing only those
children at ‘risk’, there was a similar statistically
significant difference; 1.0 % breaks in the control sub-
jects, as opposed to 9.2 % breaks in those exposed in
utero (p <0.01). The group of children whose mothers
used LSD prior to conception but not during pregnancy
(table IIb) exhibited a much lower frequency of
chromosomal damage (mean 4 %). The reliability of
at least one mother in this group is questionable, how-
ever. She reported no ingestion of the drug during her
pregnancy but is otherwise an habitual ‘user’ of LSD.
Her child (15) exhibited a breakage rate of 8.7 %
with two dicentric chromosomes. If this child is elimi-
nated from the group, the mean breakage rate of these
children decreases from 4 2, to 2.4 %, as compared with
1 9% in the control subjects.

A total of eight chromosomal rearrangcments was
observed in this study, six dicentric chromosomes and
two quadriradial formations. Two dicentrics and one
quadriradial were noted in the children exposed in
utero, two dicentrics in the child ‘exposed’ prior to
conception, and the remaining quadriradial and two
dicentrics were in adults who had ingested the drug. It
is important to note that all of the structural rearrange-
ments were observed in the LSD group, while none
was seen in the control group. At this time, all of the
children in the study, including those exposed to LSD
in utero and those born to mothers using LSD prior to
conception, are apparently healthy and show no ob-
vious birth defects.

1 dicentric

150
150
150
100
8.75 800
8.23 4604

10.7
4.7
12.0
6.0

Mean
Total mean

6 mos
14 mos
I mo
2 mos

20
20
45
34

Discussion

17

The results of the present investigation reveal a sig-
nificantly elevated frequency of chromosomal damage
among children exposed to LSD when they are com-
pared to matched controls. Those individuals whose
mothers ingested LSD prior to but not during preg-
nancy do not show as striking an increase in chromo-
somal breaks.

Although in vitro chromosomal damage by LSD has

32
31
25

2 A, amphetamines; B, barbiturates; C, cocaine; H, hallucinogens; M, marijuana; O, opiates; P, phenothiazines.

! Arabic numerals: children; Roman numerals: mothers; Ad: adults.

Ad 7
Ad 8
Ad 9
Ad 10
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been clearly demonstrated [10, 21], the question of
similar damage subsequent to in viro LSD ingestion
is controversial. Several groups of investigators have
observed increased chromosomal breakage in cells
from LSD users [11, 15, 20, 36], while others have been
unable to confirm these findings [5, 24, 33]. Several
possible explanations for these discrepancies exist be-
cause of obvious variables in the populations studied.
Most in vivo studies involve the use of illicit LSD, and
questions of purity and the exact dosages employed
cannot be resolved. This difficulty may be partially
overcome by cytogenetic examination of patients re-
ceiving LSD for therapeutic reasons. Our initial report
[10] described one such case in whom there was noted
increased breakage as well as an increase in structural
rearrangements (quadriradials). A series of five pa-
tients treated with pure LSD showed an elevated
frequency of breaks and gaps [29]. Another series of
patients, receiving pure LSD for psychotherapy in
known dosages [34], has demonstrated a statistically
significant increase in structural rearrangements, as
well as a transient increase in chromosomal damage.
Similarly, Sparkes et al. [33] reported that all but
one of the quadriradials and chromosomal inter-
changes they had noted were observed in LSD ‘users’
or in those receiving LSD for medical treatment.

The second problem is the concomitant use of
additional drugs, a difficulty which is obvious in all of
the studies to date and necessitates the assessment of
these agents individually. We have tested several of
these drugs, notably some of the tranquilizers (chlor-
promazine, diazepam and chlordiazepoxide hydro-
chloride) both in zive and in vitro and find no suggestion
of a chromosome-breaking potential [12].

Environmental influences may also play a role. In
assessing those investigations utilizing ‘hippie popula-
tions’, one must consider the overall physical status of
the subjects. It is well known that these communal
enclaves are rampant with venereal discase, hepatitis,
and malnutrition. These may be contributing factors
to the results obtained. The subjects of the present
report, however, are not from this group, but are more
reflective of a ‘general population’. Insofar as LSD
ingestion was the common selective factor for the
individuals studied, it seems plausible that this agent
may indeed be the inciter of chromosomal damage.
The ultimate evaluation of the cytogenetic effects of
LSD in man, however, will require observations made
under rigidly controlled circumstances.

The vast majority of damaged chromosomes ex-
hibited chromatid breaks which are of the type gen-
erally found after the completion of DNA synthesis
(G,). Inasmuch as the type of cells used in this study
were in the pre-DNA synthetic state (G,) at the initia-
tion of culture, this observation appears self-contra-
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dictory; however, three possible mechanisms may ac-
count for these findings.

(1} It has been demonstrated recently that aberra-
tions similar to those found in the present study can be
observed in normal cells exposed to plasma from ir-
radiated individuals [19], implicating a humoral fac-
tor. This finding is unlikely to apply to this study be-
cause of the minute amounts of plasma in the specimens
collected.

(2) Lymphocytes observed at metaphase after 72
hours of culture are not infrequent in the second or
third in titro division [18, 30], and isochromatid breaks
may appear as chromatid breaks due to partial resti-
tution [22]. Since other studies have shown similar
differences in chromatid abnormalitics between con-
trol cultures and those exposed to various agents known
to produce chromesome breaks [9], this finding remains
a possible explanation.

(3) It is possible that drug-induced metabolic errors
or lysosomal membrane instability during G, may lead
to the subsequent appearance of chromosomal damage
during or after DNA systhesis [2, 3, 25]. To us, this
appears to be the most likely explanation.

The potential dangers of agents capable of causing
chromosomal breakage must be evaluated from vari-
ous points of view: (1) the effect on the individual
exposed; (2) the teratogenic potential of the agent;
and (3) the possibility of a truly genetic effect (trans-
mission through gametes).

That individuals possessing certain chromosomal
abnormalities have an increased risk of developing
neoplasia, principally leukemia, has been documented
[26]. This association between cytogenetic imbalance
and neoplasia, although not necessarily causal, ap-
parently obtains whether it is due to an inherited
tendency [7, 17, 31] or induced by cxogenous agents
(6, 14].

Although birth defects in man attributed to LSD
have been reported [36], this observation must be
interpreted with extreme caution. Considering the rel-
atively high frequency of spontaneous birth defects in
the normal population, occurrence of malformed
children may indeed be entirely coincidental with
ingestion of LSD by the mother. Only a well-controlled
study will answer this question. In animals (rats, ham-
sters and mice) there is documentation of teratogenesis
as a direct consequence of LSD injection during preg-
nancy [l, 4, 16]. Warkany and Takacs [35] could
not confirm the positive findings in rats. The chro-
mosomes of these malformed fetuses were not exam-
ined, but the study of spontaneous abortions in
man [8] and mouse [28] indicate that a high propor-
tion of such abortuses carry chromosomal aberrations.
Therefore, the possibility exists of chromosomal dam-
age in utero leading to increased numbers of abnormal
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offspring. The fact that many normal children have
been born to women ingesting LSD in pregnancy does
not necessarily contradict this possibility. From animal
studies, it appears that the drug has a limited but
highly specific time period during which malforma-
tions are produced. It may be that many women who
have borne normal children may not have ingested
the drug at the critical time. If, indeed, such a critical
period exists in man and is early enough in gestation to
produce severe malformations and grossly abnormal
fetuses, the result in the majority of cases may be
abortion, a number of which may be unnoticed.

In our subject sample, exposure of the fetuses to LSD
occurred at various times during pregnancy, about
half including at least one trimester dose. There was
no apparent correlation between time of exposure or
number of doses and the frequency of chromosomal
damage. All but two of these children were exposed to
additional drugs during pregnancy; however, there
was no consistent exposure to any single agent except
LSD. The two children with the greatest chromosomal
damage were also subjected to other hallucinogens. In
view of the demonstrated chromosome-damaging po-
tential of at least one additional hallucinogen, psilo-
cybin [32], this result is not surprising. Marijuana, the
second common agent involved, showed no consistent
correlation with chromosomal breakage. In fact, two
of the three children with the lowest damage were
exposed to this drug.

Ample evidence from clinical human cytogenetics
already exists attesting to the segregation and trans-
mission of chromosomal rearrangements leading to
fetal wastage and a high risk of offspring with con-
genital malformations and mental retardation. To im-
plicate LSD in producing a truly genetic effect neces-
sitates the demonstration of heritable damage to the
chromosomes of the gametes. Such studies are difficult
to perform in man since they involve direct observation
on germinal cclls from gonadal biopsies. Evidence
from the meiotic chromosomes of mice injected with
LSD, however, indicates that the drug is capable of
inflicting damage on the chromosomes of meiotic as
well as somatic cells [13, 32]. If gametes containing
such abnormal chromosomes are viable and functional,
then the ingestion of LSD may have a true genetic
effect on subsequent generations.

Conclusion

The ingestion of LSD-25 by mothers during pregnancy
resulted in apparent increased prevalence of chromo-
somal abnormality in her offspring. Although still
present in abnormally increased amounts, such aberra-
tions were less common in children whose mothers had

taken the drug prior to but not during pregnancy. The
changes in chromosomal morphology could be related
neither to dose nor duration of administration, and
the effects were detected in both children and mothers
many months after exposure. The possible consc-
quences and significance of these changes either to the
children or to their offspring remains uncertain. Never-
theless, agents capable of inflicting chromosomal
damage must be treated with extreme caution until the
genetic implications of these observations can be un-
ambiguously established.
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