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CHROMOSOME STUDIES ON PATIENTS (IN VIVO) AND CELLS (IN VITRO)
TREATED WITH LYSERGIC ACID DIETHYLAMIDE*

MARGARET J. COREY, Pu.D., J. C. ANDREWS, B.Sc., M. JOSEPHINE McLEeob, B.Sc.,
J. Ross MacLEaN, M.D., axp W. E. WiLBy, M.A.

AbsWract In a prospective study of 10 patients given
d-lysergic acid diethylamide 25, there was no differ-
ence in frequency of chromosome breakage between
samples obtained immediately before and 24 hours
after treatment. In 11 patients, treated over periods
ranging from 24 hours to eight years before sampling,
the frequency of chromosomal breaks did not differ
fsom that found in untreated controls. In an in vitro

THE possibility that d-lysergic acid diethvlamide
95 (d-LSD 25) ingestion induces chromosomal
abnormalities was raised in 1967 by Cohen and his
associates! after vitro studies. Since that time
mumerous reports of the effects of LSD on chromo-
somes of circulating lymphocytes have appeared.
Some have indicated an increased frequency of
chromosome breakage 2% others have found no in-
crease 5¢ and one report has suggested a slight tran-
siemt increase®

In addition to the lack of agreement of reports
from different laboratories, there are some unusual
features within the results of studies that have re-

in
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study the frequency of chromosomal breaks was in-
creased in replicate cultures from each of 10 subjects
when 1 ug per milliliter of d-lysergic acid diethylamide
25 was added during the last 24 hours of culture. There
is no cytogenetic evidence that d-lysergic acid diethyl-
amide 25 given therapeutically produces chromoso-
mal damage. The chromosomal aberrations found
after illicit use of the drug remain unexplained.

ported an increase in chromosomal damage. Within
each study, increased aberrations have not been
found in all subjects exposed, and the frequency of
aberrations appears to have no relation to the dose
or to the time elapsed between exposure and test-
ing.2s Although this suggests a variation in response
to the drug the relation of the variation to the na-
ture of the drug is difficult to assess because these
studies have used experimental groups in which
information concerning the source, composition,
frequency of use and dosage of the drug could not
be accurately determined.

In an attempt to clarify some of these unex-
plained effects, a series of studies were carried out
using as experimentul subjects patients who were
treated under clinical conditions with  known
amounts of d-LSD 25. This report deals with the
results from three separate studies of the frequency
and tyvpes of chromosomal aberrations, including in
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vivo prospective and retrospective studies and an in
vitro study.

MATERIALS AND METHODS
Experimental Subjects

Al subjects included in the study were inter-
viewed to obtain information concerning exposure
to known chromosome-breaking agents. None had
received extensive therapy with or exposure to ra-
diation or antitumor agents. Exposure to routine
x-rays was noted, but those who had received routine
chest or dental x-ravs were not excluded from the
study. All subjects had normal karyotypes.

All treated patients were drawn from a private
psychiatric-hospital population. Details of selection
for each experiment are presented with the results.

Drug Administration

The LSD used in all experiments was d-lysergic
acid diethylamide 25 (Sandoz). The “mescaline”
was mescaline sulfate (Light).

The d-LSD 25 was dissolved in distilled water
and administered orally. The mescaline sulfate was
administered in capsule form. No other drugs were
administered to modify or terminate the effects of
the psychoactive drug.

Cytogenetic Technics

All chromosome analyses were carried out on
short-term leukocyte cultures in a commercially
prepared medium (GIBCO chromosome medium
1A). In all experiments cultures designated as con-
trols were incubated in the same medium and at
the same time.

Ten slides from each treated and each control cul-
ture were coded to ensure that the examiner could
not identify the source of a slide, and, where possible,
10 cells from each slide were analyzed. Cells for
analysis were selected with a low-power objective,
and once a cell had been selected, it was included
in the final analysis. Cells were analvzed under the
microscope and photographed, and a second analy-
sis carried out on a photographic print. Analvsis of
each cell included a chromosome count as well as
examination for structural aberrations. For the pur-
pose of this study, a break was defined as a lesion
in which the proximal end of the acentric fragment
had been displaced from a position of alignment
with the distal end of the centric fragment. Achro-
matic lesions that did not meet this criterion were
scored as gaps and were not included as breakage
events in the analysis. Chromatid and isochromatid
breaks, acentric fragments and deletions were
scored as single-break events, whereas exchange
configurations, dicentric chromosomes, ring chromo-
somes and translocations were scored as two-break
events. Slides were not decoded until scoring had
been completed.
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Although specific types of aberrations were scored
individually, the values were too low for statistical
analysis. However, an analysis was carried out on
total single-break aberrations and total two-break
aberrations as well as total breaks.

RESULTS

In Vivo Prospective Study — Frequency and Type of
Chromosomal Aberrations before and after Treatment
with LSD

Ten subjects with no prior use of d-LSD 25, other
“psyvchedelic” agents or narcotics were drawn in
consecutive order of treatment with d-LSD 25.

Blood samples for chromosome analysis were ob-
tained immediately before LSD therapy and a sec-
ond sample was obtained 24 hours later. In this
experiment each sample obtained before the initia-
tion of treatment was used as a control for the sam-
ple obtained from the same subject 24 hours after
treatment, and the difference between the two sam-
ples was used as a measure of the effect of treat-
ment. Drug doses ranged from 200 to 600 ug.

Before treatment the frequencies of total chromo-
some breakage events ranged from 1 to 9 per 100
cells, with a mean of 5.7. After treatment the fre-
quencies ranged from 2 to 8 breaks per 100 cells,
with a mean of 4.9.

The differences between total breaks per 100
cells before and after LSD therapy ranged from
—40 to +4.0, with a mean of —0.80. Single-break
aberration differences ranged from —4.0 to 5.0, with
a mean value of 0.20 breaks, and two-break aberra-
tion differences from 0 to —4.0, with a mean of —1.0
per 100 cells scored.

The results of paired t-test analysis are presented
in Table 1. There was no significant change in the
frequency of single-break aberrations, total breaks or
gaps.

The analysis did indicate a significant reduction
in the frequency of aberrations attributed to two-
break events. The frequency of these events in both
samples was low, with 1.8 per 100 cells before and
0.8 per 100 cells after treatment. Two-break events
were never observed after treatment in persons who
had not displayed similar events before treatment,
and in four out of five, the frequency was de-

TABLE 1. Prospective in Vivo Studv — Paired t-Test Analysis
of Chromosomal Aberrations before and after Treatment with
d-LSD 25.

DIFFERENCE BETWEEN BEFORE & AFTER SAMPLES*

GAPS I-BREAK 2-BREAK TOTAL

ABERRATIONS ABERRATIONS BREAKS

Mean —0.30 0.20 ~1.00 —0.80
t-value —0.131 0.200 —2.236 -0.873
Probability 0.867 0.825 0.050% 0.409

*100 cells analyzed from each before & each after samples from 10 patients.

tSignificant. -
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creased in the sample obtained 24 hours after treat-
ment.

In Vivo Retrospective Study — Frequency and Type of
Chromosomal Aberrations in Patients Treated with LSD,
Mescaline or LSD and Mescaline and a Control Group

The treatment center from which the patient pop-

ulation was being drawn had available persons who
had been treated with varying LSD dosages over a
number of vears, and a pilot project was carried out
to determine whether or not some indication of
dose-time response might be elicited. Since those
who had received the largest dosage of LSD had
also received mescaline, a group who had been
treated solely with mescaline was also included.

This study included four groups: five patients
treated with d-LSD 25 only; five treated with mes-
caline sulfate only; six treated with both d-LSD 25
and mescaline sulfate; and 13 control subjects ex-
posed to neither drug.

Illness and treatment with other drugs were un-
controlled and largely undocumented although four
patients in the treated group are known to have
used prescribed or illicit drugs.

Patients included in this study had LSD dosages
varying from 200 to 4350 pg over periods ranging
from 24 hours to eight years. The total number of
breaks per 100 cells ranged from six to 12 for LSD,
two to 13 for mescaline, two to 11 for LSD plus
mescaline and two to 17 in the control group.

With the exception that the maximum number
of single breaks in an LSD-treated patient was 12,
and the maximum in the control population was 11
breaks per 100 cells, the range of aberration fre-
quencies in each of the categories for all treated
groups was within the range observed in the control
group. The results of an analysis of variance (Table
2) indicated no significant differences between
treated and control groups for single-break, two-
break or total-break events. Within the LSD-treated
population there was no relation between the fre-
quency of aberrations and either LSD dosage or the
time elapsed between treatment and sampling.

In Vitro Study — Chromosomal Aberration Frequencies
in Replicate Samples Cuiltured with and without the
Addition of d-LSD 25

The experimental group for this study consisted

-
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of 10 university student and faculty members who
had never ingested LSD. Blood samples obtained
fromn each were used to initiate replicate cultures.
d-LSD 25 in aqueous solution was added to one
replicate of each culture in a final concentration of
1 pg per milliliter 24 hours before the culture was
terminated. An equal volume of sterile distilled
water was added to the control replicates.

The number of breaks per 100 cells in the control
cultures ranged from 0 to 15.12, with a mean of
4.72. In the treated replicates the number of breaks
per 100 cells ranged from 4.0 to 18.70, with a mean
of 9.37.

An increase in both single-break aberrations and
total breaks was observed in each of the 10 treated
replicates. The differences between treated and con-
trol replicates for single breaks ranged from 2.0 to
6.0, with a mean of 3.96, and the differences in total
number of breaks per 100 cells scored ranged from
3.0 to 7.9, with a mean of 4.65. Two-break aberra-
tions were increased in four treated replicates and
decreased in one, and no difference was observed
in five samples. Differences ranged from —2.0 to 3.3,
with amean of 0.69 per 100 cells scored.

A paired t-test analysis (Table 3) indicated a
significant increase in single breaks and total breaks
but not in two-break aberrations.

DISCUSSION

The in vitro study reported here partially dupli-
cates the experiments reported by Cohen, Marinello
and. Back! and Cohen, Hirschhorn and Frosch.? Us-
ing culture, treatment and scoring technics similar
to those described by the above authors, we ob-
tained very similar results. Cohen, Hirschhorn and
Frosch? reported a range of 3.7 to 17.5 breaks per
100 cells in the treated cultures as compared to an
average of 3.8 breaks per 100 cells in control cul-
tures. In the study reported here the frequency of
breaks in treated cultures ranged from 4.0 to 18.7,
with a mean control value of 4.7 breaks per 100
cells.

An analysis of differences between untreated and
treated cultures indicated a consistent and highly
significant increase of chromosomal breakage in the
treated replicate cultures. Although the in vitro con-
centration was much greater than any known ingested

TABLE 2. Retrospective in Vivo Study — Analvsis of Variance.

Group No. oF ToraL
PATIENTS CELLS
LSD 5 500
Mescaline 5 500
LSD + mescaline J6 594
Control <13 1300
F value

p value

I-BREAK 2-BREAK ToTtaL Gars
ABERRATIONS ABERRATIONS BREAKS
mean/100 cells

6.200 1.600 7.800 20.000
3.600 2.000 5.600 7.400
4.708 1.600 6.400 15418
5923 1.077 7.000 16.923
1.06 0.38 0.31 2.35
0.386 0.773 0.819 0.095
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TaBLE 3. In Vitro Study — Paired 1-Test Analysis of Chromo-
somal Aberrations in Replicate Samples Cultured with and

without d-LSD 25.*

DIFFERENCE BETWEEN TREATED & UNTREATED REPLICATES

GAPS 1-BREAK 2-BREAK ¥OTAL
ABERRATIONS ABERRATIONS BREAKS
per 100 cells
Mean 7.04 3.96 0.69 4.65
t-value 3.481 9.764 1.428 9.598
Probability 0.007+ 0.000% 0.185 0.000*

* Approximately 100 cells analyzed from each treated & each untreated replicate
from 10 subjects (1010 treated celis, 1094 untreated cells).

tHighly significant.

dosage the mean increase of 4.65 breaks per 100
cells is small as compared to the range of breakage
frequencies (0.0 to 15.2) observed in the untreated
cultures. The deviation range of less than 5 breaks
per 100 cells indicated no variation in response
from subject to subject.

Using the same culture and scoring technics, we
found no indication of an increased frequency of
chromosomal breakage in subjects who had ingested
LSD. Neither the direct comparison of samples ob-
tained immediately before and again 24 hours after
treatment nor the study of persons exposed to vary-
ing doses over a given time indicated any increased
frequency in chromosome breaks. The latter group
is similar to those reported by Cohen, Hirschhorn
and Frosch? and Egozcue, Irwin and Maruffo’ with
one exception: these previous reports involved sub-
jects who had ingested self-administered illicit
“1.SD” whereas the present study was carried out
on patients treated with pharmaceutical d-LSD 25
under clinical conditions.

Since the results of the in vitro studies indicate

_that the scoring systems are sufficiently alike to
produce similar results, some difference between
the experimental groups appears to be the most like-
ly source of lack of concurrence in the results of in
vivo studies.

There is further evidence that differences in the
experimental groups influence the results. To date
all indications that LSD ingestion is associated with
significant increase in the frequency of chromoso-
mal breakage are based on the study of subjects
who have ingested “LSD” under nonclinical condi-
tions.2> On the other hand, studies on patients
treated with LSD under clinical conditions have not
indicated similar increases.”®

One serial study on four clinically treated
subjects? indicated a slight transient increased
breakage frequency that returned to normal on
follow-up observation. In that report LSD was in-
jected, and treatment was in some cases combined
with chlorpromazine. In the present prospective
study LSD was administered by mouth, with no
modifying drugs. In the larger population involved
in this study the pretreatment sample shows a
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greater variation in aberration frequencies than is
indicated in the study reported by Hungerford and
his associates® However, the deviation between
samples before and after treatment had a mean val-
ue of —0.80 breaks per 100 cells and was not
significant.

Although both Hungerford et al..* in a prospective
in vivo study, and Cohen, Hirschhorn and Frosch,?
in an in vitro study, have reported the occurrence of
two-break aberrations (that is, dicentric, exchange
figures and so forth) only in samples from treated
patients or cultures, a low frequency of similar aber-
rations was observed in samples from untreated
subjects in both the prospective and the in vitro
studies reported here. This discrepancy may be due
to the selection of subjects. In the present study the
effect of LSD was measured by the difference be-

tween treated and untreated cultures from the same’

person, and study of possible variation in response
was one of the objectives. Thus, the use of rigid
selection criteria was both unnecessary and undesir-
able. However, the control values are not necessari-
ly representative of a “normal” or a ‘‘drug-free”
population.

In the prospective study the frequency of two-
break events was significantly reduced in samples
obtained after treatment, and two-break aberrations
were observed after treatment only in patients who
had similar aberrations before treatment. In the in
vitro study the frequency of two-break aberrations
was not significantly increased.

The reduction in two-break aberrations in the
prospective study is difficult to explain. However,
the 24-hour interval between samplings is remarka-
ble in that the patients were exposed to virtually
nothing but LSD. Assuming that the LSD had no
influence on the chromosomes, the reduction might
be due to the absence of other common environ-
mental agents that contribute to the breakage fre-
quencies observed in control groups.

In conclusion, there appears to be no cytogenetic
evidence that d-LSD 25 given therapeutically pro-
duces chromosomal damage. On the other hand,
there is increasing evidence that populations ingest-
ing “illicit” drugs should be further investigated to
identify the source of the increased frequency of
chromosome aberrations.

We are indebted to Mr. J. Bjerring, of the University of
British Columbia computer center, for assistance with the
statistical analysis of the data.
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COMPARISON OF OXYGEN POISONING OF THE LUNG IN CYANOTIC AND
ACYANOTIC DOGS*
WiLLiaM W. MILLER, M.D., JouN A. WALDHAUSEN, M.D., anD WiLLiaM J. RasHKIND, M.D.
With the Technical Assistance of Rita S. Wetton, M.D., Myron Yanoff, M.D., and Edwin Hendler, Ph.D.
Athract Cyanosis was produced in dogs by the oxygen damage was found, as judged by the
sudgical creation of large intracardiac venoarterial production of respiratory distress, atelectasis, i
shdahts. Eight cyanotic and 10 acyanotic dogs alveolar edema and hemorrhage and abnormal {
wele exposed, awake and unrestricted, to 1 surface tension of whole-lung extracts. Cyanosis 3
atibsphere of 98 per cent to 100 per cent oxygen did not protect against puilmonary injury from ¢
for .two days. In each of the two groups of ani- 100 per cent oxygen at 1 atmosphere for two z
mals, a similar frequency and extent of pulmonary  days.
|
N patients requiring intensive treatment of hypox- months before study. This was accomplished during ;
emia, oxygen intoxication of the lung is being  three minutes of inflow occlusion of the venae ca- ‘
recegnized with increasing frequency. Among those  vae. The right atrium was opened, and the atrial
at risk are a large number of infants and children septum was incised. The superior border of the atri-
wi;fx cyanotic congenital cardiac defects. Recent  al opening was repositioned so that most of the 5
experiments with hyperbaric oxygen exposurest blood from the inferior vena cava passed to the left {
have shown that pulmonary atelectasis and hemor- atrium, whereas blood from the superior vena cava
rhage are significantly greater in normal dogs than  continued in its normal course through the right
in “those with cyanosis from intracardiac shunts. side of the heart.
These findings suggest that the lower systemic arte- On the day before oxygen exposure, each dog was
rial oxygen tensions resulting from large venoarteri- anesthetized with sodium pentobarbital (30 mg per ;
al shunts provide a certain measure of tolerance kilogram of body weight). Catheters were placed in f
against hyperbaric oxygen damage of the lung. the right carotid artery and the right jugular vein, r
The purpose of the studies reported here is to  and their tips were advanced to the descending aor- :
evaluate the possibility of a similar “protective” ta and right atrium, respectively. The proximal ends
offect of cyanosis in animals exposed to 1 atmos-  were tunneled subcutaneously to the back of the ;‘
plere of 100 per cent oxygen — a dose more neck and exteriorized. The animals were allowed to i
apgilicable to that used in the treatment of patients recover for 24 hours. \
with cyanosis from congenital cardiac defects or The dogs were placed in individual cages within 4
pulmonary diseases. a large oxygen chamber.t The chamber was de- 8
signed so that observers could enter and leave .
MATERIAL AND METHODS through double airlock doors without changing the ;
EBighteen healthy adult mongrel dogs were gas environment. The constancy of gas concentra- x
stilflied. Ten were normal dogs, and eight had  tion within the chamber was verified by measure- z
marked cyanosis from intracardiac shunts that were ment of oxygen and carbon dioxide concentrations ;

pmduced surgically. Two months before study each
of the 18 animals was dewormed, immunized
against distemper and quarantined to prevent pul-
monary infection. In the eight experimental dogs,
large venoarterial shunts were created one to two

®Ffom the Division of Cardiology, Children’s Hospital of Philadel-
phia, the departments of Pediatrics and Surgery, Medical School of the
Unfivérsity of Pennsyivania. Philadelphia, and the Naval Air Develop-
Center—Johnsville, Warminster, Pa. (address reprint requests to
Dr. Miller at the Department of Pediatrics. University of Texas
(Southwestern) Medical School, 5323 Harry Hines Blvd., Dallas, Tex.
75233).
#Bpported by a grant from the Pennsylvania Tuberculosis and
H&I Seciety.

every 15 minutes. A high inflow rate of 100 per
cent oxygen (150 liters per minute) resulted in a
chamber concentration of 98 to 100 per cent oxygen
at 1 atmosphere. Excess oxygen and expired carbon
dioxide was eliminated from the chamber through
one-way outflow valves. Chamber carbon dioxide
concentration was maintained below 1 per cent at
all times; temperature was kept at 20°C, and rela-
tive humidity was 50 to 60 per cent. The animals
were observed throughout the exposure on televi-
sion monitors located outside the chamber.

+Aerospace Crew Equipment Laboratory, Naval Air Development
Center. :




