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t6 Hoaig, B., and Karplus, M., Nature, 229, 558 (1971). Fig. 2 The circular dichroism spectra of d-LSD (.... ), DNA
(.-.-.-) and their combination ( ). "l'he combination is a
simple summation of the component spectra. The summed curves
are the same in 10-50 mM Tris, 20-50 .ram KzI-/PO., and
100-150 mM NaCI at pH 6.5, 7.0 and 8.0. These are the condi-
tions used by Wagner. DNA solutions were measured at concen-
trations of 20, 30, 60, 75, and 120 lag/ml.; the spectra with

"" """upncat Activity of added LSD werc always the sum of the component spectra.

LSD-DNA Mixtures _hese particular curves were copied from spectra measured ona DNA solution at 20 pg/ml, d-LSD at 3.3 x 10 -_ M. Spectra

REPORTS on the fluorescence-sensitive binding of d-LSD were measured at room temperature. Calf thymus DNA was
purchased from Sigma Chemical Co., St Louis, Mo. Other

(d-lysergic acid diethylamide),l-LSD and their 2-bromo deriva- DNA was supplied by Professors Antero So and Sheldon
tires to calf thymus DNA _, and on changes induced in DNA Greer whose DNA (B. sut, tilis) was shown, apart from physical

circular dichroism by LDS-25 (ref. 2), have led to the belief measurements, to possess full biological activity; the bio-
logical activity and integrity of the DNA were determined

that it is the intercalation of the drug in DNA that causes by assaying the capacity of low concentrations of DNA to trans-
the chromosomal damage _-6 and abnormalities in human form two genetic markers (his" 31 and ind 168) that are linked
offspring 7 that have been associated with LSD. Our studies to the extent of 65%.

of circular dichroism, however, have failed to show that LSD

has any effect on DNA confon-nation, inversion of the 220 nm band. These variations have not been

To begin with, the circular dichroism (CD) of d-LSD, 1-LSD explained but it is unlikely that at such high concentrations
and d-2-bromo-LSD at high concentrations does not conform
with Beer's law: at concentrations greater than 0.02 mg/ml., they are biologically relevant. As a consequence of this unex-

plained behaviour of LSD, we restricted our in vitro studies to
for example, the CD bands in the region 260-290 nm are solutions of DNA and LSD in which the LSD concentrations
suppressed; at 0.1 mg/ml., the same bands reappear with

were less than 0.01 mg/ml., concentrations at which the results

were reproducible and at which the Beer's law dependence of

.'4 . theirspectrais verifiable.
""_ In previous work on this subject, the purity of the LSD

18 _ sample with respect to isomeric forms was not determined.

12 " .-::_,-c,.,_.940 Some have used a racemic mixture (Waener, private communi-

__< .".-" "--. cation). To ensure that our comparisons between d-LSD and

x 6 ." ., ..-" % I-LSD are valid, solulions were used which gave mirror-image
.--" _,. CD spectra of the particular isomer that was used in each

_ -.-..'-':;:", • .... .,, :",. ease
I, ".40 ,," .-d--,,_ 2s02,._03t_} 31032033113403._" _ (Fig. I). Solutions of each isomer are then pure or atworst slightly cross-contaminated to the same degree by the

-..,, : ". ;" .'" Wavel,:ngthlmnl other enantiomer, because they also give characteri_ic rota-

/ _ / lions the sodium D line.
at

' _ Studying the circular dichroism of DNA in the presence of

--"Iv/"
d-LSD (the psychotomimetic congener) we found no significant

-I_ changes; the changes were less than I Yo of those reported by

Wagner _ in the same conditions; the interaction of d-LSD and

44 DNA, shown by the fluorescence quenching experiments of

Yielding and Sterglanz, did not cause any conformationat

Fig. 1 The circular dichroism of I-LSD ( ), d-LSD (- - -) change in either the d-LSD or DNA. In the spectral region
and d-2-bromo-LSD (...). CD was measured on a Cary 60 400-200 nm, the circular dichroism of thcd-LSD-DNA com-
spcctropolarimeter with circular dichroism attachment, stan- plex results simply from a combination of the indMdual d-LSD

dardized with an aqueous solution of d-10-camphorsulphionic and DNA spectra (Fig.. 2). The calculated LSD+ DNA and
acid (K and K Laboratories, Plainview, New York), giving
EL-E,=2.20±0.05 at 290 nm. Solutions at pH 7.0 and 25 ° C observed spectra are identical. The DNA was considered to be
in 0.02 M KzlIPO., gave the same spectra with both 0.01 M Tris "native" when they gave CD spectra of native DNA, as defined

(hydroxymethyl)aminonacthaneand0.15 M NaCI. d-LSD, I-LSD by Brahms and Mommaerts s. The absence of any new opti-

and d-2-bromo-LSD are supplied in an L(+ 1 tartrate buffer eally active contribution to the DNA circular dichroism, whenat 0.12 raM. Measurements were made at four different concen-
trations of LSD (maximum 0.01 mg,ml.) to verify conformity d-LSD was present in the DNA solution, was verified in three
with Beer's law (see text). The LSD : tartrate ratio is constant different solutions, 0.15 M NaCI, 0.01 M Tris and 0.02 M

for all of these studies-'.% Over the s_ctral re,ion 215-370 nm KaHPO4, each at ptt 6.5, 7.0 and 8,0. Additional annee.lh_g

L(+) tartrate does not contribute asymmetrically to the optical of the DNA to close the small open stranded regions and toactivity of d-LSD and I-LSD in the conditions studied, in
all studies reported here, the I-LSD used was found to be the correct mismatched base-pairing by warming to 50, 60 or

optical mirror of the d-LSD, as shown in the figure. 67° C and slow cooling produced no changes in the ability of
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d-LSD to "intercalate" with DNA, that is, it produced no comparison in assessing the possible effects of LSD. We
changes in optical activity other than those associated with tile found, for example, that tile character of the cthidium bromide-
LSD and DNA themselves. This was true whether the DNA induced optical activity is influenced considerably by the age
was heated in the presence or absence of any of the LSD ofthe DNA solution (Fig. 3).
forms. Furthermore, DNA from Bacillus subtilis, Eseherichia There is no similarity in behaviour between the LSD-DNA

colt, bovine spleen, sheep bone marrow and phage ]'4 gave the solutions (Fig. 2) and the ethidium bromidc-DNA complexes
same negative results, showing the absence of any interaction (Fig. 3) and it is unlikely therefore that LSD forms this type of
for a wide range of (A +T)/(C+ G) ratios, complex with DNA. For example, a significant reciprocal

behaviour in eilipticity was found (Fig. 3) in the ethidium
bromide-DNA interaction between the positive hand at 272 ran,
which arises from ethidium bromide. It was also observed by

I Aktipis and Martz 9-_ and it is in accord with Tinoco's _

general theory of optical activity. It is evidence for a strong

5 ' "'"'... interaction between ethidium bromide and DNA which in no
way resembles that between DNA and LSD in any of its

_o 2.5 forms.

x , ' We havealso studiedthe CD spectraof combinationsof
-']°':'_]T'': ' ' LSD forms with whole tRNA and pure tryptophanyl-tRNA._,
• " ,, ". 240 250 "'l ,, 270 _0 2911300 3111320

', ".. .'/_,"_,nvl, i,,m) of E. coIL No additional optical activity was generated
_o ,, V,."..I, beyond the contributions of tRNA and LSD measured singly,

_, and neitherd-LSDnor I-LSDaffectedthecapacityof tRNA.,
-- -5 to charge tryptophan.

Recently, it was reported _3 that LSD does not damage
chromosomes of E. colt except at very high concentrations and
high ultraviolet light intensity. Unfortunately, the isometric
purity of the LSD used in this work was not determined and a

Fig. 3 The CD spectra of ethidium bromide-DNA mixtures, maleate salt of LSD was used whereas others have generally.... Curve represents pure calf thymus DNA. The differences
in intensities between curves 1, 2 and the broken line relate used an L(+)tartrate salt. We emphasize the importance of
to the age of the DNA solution. Curve 1 describes the freshest measuring the relative concentrations of the dn and In forms
DNA solution; curve 2 was obtained from solutions that had and of a uniformity in the preparations used. The conflicting
been stored at 4: C for a week, and the dashed curve represents results of studies of LSD-induced chromosomal damage _'_
a mucholdersolutionof DNA,about4 weeksold. Onecan
obtain the dashed curve on a freshly prepared solution of old may be largely attributable to differences in isomer concen-
DNA which has been stored as a cold dry powder. The dashed trations and buffering agents in the LSD preparations. Further-
curve is closest to the one published by Wagner _. Several more, some early LSD-DNA spectra seem to be inaccurate,
samples of calf thymus DNA (Sigma) gave even higher el[ip-
ticity values at 272 nm with ethidium bromide, and it may be that and do not provide a firm basis for consideration of the mode
they were the most "'native" of the more than thirty preparations of action of LSD.

• tested, but the curves reported here are the three which proved We thank Professors Robert G. Heath and Robert J, Boucek
to be characteristic of three reprodu/:ibly different states of for encouragement and assistance and Dr John A. Scigliano for
DNA. In spite of the variation in ethidium bromide-induced supplving the LSD for these studies. The work was supportedchanges, the DNA alone always gave the same CD spectrum.
In all cases the concentration of DNA is 30 lag/ml, and the in part by grants from the National Institutes of Health, the
concentration of ethidium bromide is 3.3 x 10--_ M. The more US Public Health Service, the Florida Heart Association and
intense spectra were most consistent for solutions in t0 mM the Programme Project Grant.

Tris, as compared with phosphate and NaCI solutions.

A. H. BRADY
ELISABETH M. BRADY

To eliminate artefacts arising from nicking of the DNA F.C. BOUCEK
during handling as a complicating factor, experiments were
done in two ways: in the first, solutions of fresh DNA were Deparlmem of Medicine,
gentlypoured, and in the second, DNA solutions were extruded University of AIiami School of Medicine,
through hypodermic syringes with small bore needles. But, in and the Laboratories for Cardiorascular Research,
spite 'of the different degrees of shearing, the results of the two Howard Hughes 3ledical hlstitute,
were identical; in both cases, the circular dichroism of the Miami, FlorMa
LSD-DNA solution was the sum of the individual LSD and

DNA spectra. Received August 31; revised December 4, 1970.
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