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SUMMARY

The effect of lysergie acid diethylamide (LSD) was studied in rats and mice by
analysing chromosomes of primary spermatocytes.

Male Wistar rats received a single dose of LSD (Io or iooo ug;kg b.w.). The
spermatocytes in diakinesis/ first metaphase were anahsed on day I, 7, 2I and 4I
after the adnJnistration.

ICR male mice were treated by a dose of Iooo t_g LSD/kg b.w. A testicular
an_,_,,_ was made after I2 x_eeks.

Chromosomal breaks were sporadic and non-._ignificant, with no chromosoma!
rearrangements. A significant increase of spermatocytes, with univalents, in com-
parison with controls, was found in all experimental groups. Rats showed a, distinct
increase in the occurrence of spermatocy'tes with autosomal univalents; in mice there
was an increased frequency of autosomal as well as X--Y univalents.

INTRODUCTION

Numerous papers have been published in recent years attempting to contribute
to knowledge on the nmtagenic effect _f LSD in various organisms. The conclusions of
individual authors are contradictory, especially as to the ability of LSD to induce
cl|romosomal aberrations a,_.

The possible effects on the offspring of individuals using LSD have also given an
impulse to the study of chromosomal changes in meiotic cells. An increa_-d frequency a
of chromosonml breaks in spermatocytes of mice given doses ot 25 ug LSI)/kg b.w.

and Iooo /.tg LSD,kg b.w. _a has been reported..|A<;IEm.O aXD POLaXF, however,
found no structural aberrations in mice, either after a single dose of lOOO_g LSD :kg
b.w., or after a chronic administration (3I days) with total doses of 500, Iooo, 25oo or
5000 #_g/LSD/kg b.w. EGOZCUEAND h¢wI.X_ also published negative findings ofchro-
mosomal aberrations in the spernmtocytes of mice and 31acacus muhdtus after a

Abbreviation: LSD, lysergic acid diethylamide.



514 p. GOETZ et al. GENET1

single dose as well as after chronic administration of LSD. HVLTEX et al.L using LSD,. ]
hmnd negative results on the bioptic testicular material from two men. quen%

In our experiments we have studied the influence of LSD on meiotic chro- groups

mosomes in dependence on the dose and stage of q3ermatognesis.
DISCU_

MATERIALS AND METHODS

Two groups of male Wistar rats were treated intraperitoneally with a single mouse

dose of Io Fig I.SD/kg b.w. or IOOO pg LSD*/kg b.w. Testicular analyses were made of JaG:
on days I, 7, 21 and 41 after the administration in order to examine the diakinesis/ lattus a

- first naetaphase of various types of cell directly affected by the drug. The experimental increas

animal groups were marked according to the dose ai)plied (A, Io j,g LSD/kg b.w.; mice.S._
B, IOOO/xg LSD;kg b.w.) and according to the time of chromosomal examination after the cot
the application (AI- 4 and BI-4 were examined after I, 7, 21 and 41 days). The testes sufficie
for the analyses of chromosonml abnormalities were obtained subsequently by se- Moreox
micastration st) that two samples were taken from an individual animal at various

genesis
times. In each experimental group consisting of 6 animals we analysed a total of 6oo chrom(
spermatocytes, always IOO spermatt cytes from one testis of each animal. 6 animals of IOOC

were used as controls in which 12oo diakinesis/first metaphases were analysed, o.98ol _
I0 male mice of ICR strain were given a singre dose of I000/,g LSD/kg b.w. (

Testicular analyses were made i2 weeks after application. In each male 2oo diakinesis/ valents
first metaphases from both testes were analysed.

The testicular material was treated according to the modified MEREDITH _ TABLE

meth°d_°" ANALYS:
Chromosomal rearrangement as well as the presence of autosomal and X-Y

Group oJ
univalents were estimated in the spermatocytes. In the group of spermatocytes with animals
univalents, we included the cells in which the univalents occurred in distinctly remote

sites ot the diakinetic figure.
At

RESULTS Bt

B,
Rats A3

Chromosomal breaks were sporadic • in no experimental _roup did they exceed .B,
the control values. No chromosomal rearrangement was found. B_

In spermatocv+es.., with univalents, unpaired chromosomes but no chromosonral Control

fragments were found. In all experimental, as well as in control groups, autosomal A, grou 1
univalents were distinctly predominant. The distribution of unpaired bivalents oc- B, grou I

I, 2, 3, "

curred according to a random pattern. N, nurn;
A statistical evaluation (7.2 test) of the frequency of spermatocytes with uni-

valents between experimental and control groups revealed a significant difference TABLE
at the 1% level in groups A_, A2, A4, B_, B2, B3 and B_" group A a showed a difference at AX'ALVSl

the 5¢}{_level of significance (Table I). Group ej
animals

Mice

Breaks were sporadic and non-significant and no chromosomal rearrangements
IOOOt_g

were found. LSD/:
Control

* LSD, tysergamid, Spofa, Czechoslovakia. (o-Lysergic acid diethylamide tartrate, Batch No.
040 168.) N. numl
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There was a significant difference (Z'a test) at the I°/,o level between the fre-

quency of spermatocytes with univalents in both tile experimental and control

groups (Table II).

DISCUSSION

We found no gross morphological changes in the chromosomes of male rat and

mouse germinal cells influenced with LSD. These conclusions agree with the findings

Of JAGIELLO AND POLANI _ in mice, EGOZCUE AND IRWIN _ in mice and 3lacacus mu-
lattus and with results obtained by HL'LTE.X et al. 6 in men. The studies describing an

increased frequency of chromosomal breaks, gaps and secondary constrictions in
micea, l'a were carried out on only a small number ,)I animals. Accordihg to our view

. . _._,,_,,, _.s_s are notthe contempolarily applied cytological methods analysing ._.+;.-,d_ +; ....

sufficiently refined to permit an exact evaluation of gaps and secondary constrictions.

Moreover, the significance of gaps and secondary" constrictions in relation to muta-
r _ :_ ..:._ . _-n' -t. ...... *:^-" GfIU U.1113,genesis is still questionable. S_,al_V.L_Al:_ cl ,l. "e Ill IIIILU J.U _O

Chromosomal morphology (breaks, gaps, secondary constrictions) after the application

- of IOOO/lg LSD/kg b.w. Tile percentage of the breaks themselves was small--o.82 to ,
o.98 % even if we take into account that there were no breaks in the control group.

'_ Our experiments showed an increased frequency of spermatocytes with uni-
l valents in rats given a high as well as a low dose of LSD and examined I, 7, 21 and 41

H TABLE I

ANALYSIS OF RAT SPERMATOCYTES IN DIAKINESIS/FIRST METAPHASE

Group of ,\" Normal cells Cell with univalcnts
h animals abs %, Autosomal X/Y ,tnivalents Total
:e abs % abs °b abs °b

A t 60o 520 86.7 78 13.o 2 0.3 8o I3. 3
Bt 6oo 494 82-3 lO3 17.2 3 o-5 lO6 17.7
A2 6o0 525 87-5 75 I2.5 -- - 75 12.5
Bff 6oo 518 86.3 8o 13.4 2 0.3 82 13-7
Aa 600 536 89.3 63 lO.5 I o.z 64 lO.7
Ba 6oo 524 87-3 74 12.4 2 o.3 76 12.7

"_C A4 600 725 87-5 75 I2"5 - - 75 12 5
B_ 600 506 84.3 91 15.2 3 0.5 94 15.7
Control 12oo Iio6 92.2 78 6.5 16 I. 3 94 7.8.a

La A, groups of animals treated with io pg LSD/kg b.w.
)C B, groups of animals treated with iooo pg LSD/kg b.w.

-. 1, 2 3, 4, groups of aninlals analysed I, 7, 21 and 41 days after treatment.
N, number of cells analysed.

ni
TABLE II

LC
at _ AN'ALYSIS OF MICE SPERMATOC'x'TES IN 1)IAKINESIS/FIRST .',IETAPfIASE

'i Groupof N Normalcells Cdls withunivah,nts
i animals abs °o Autosomal X/Y univalents Total

abs o/' abs 7o abs °'o/o

ats
iooo ttg

LSD/kg b.w. 2ooo 1937 96.85 26 1.3° "37 1-85 63 3.15
Control 2ooo 1987 99.35 5 0.25 8 o.4o 13 o.65

No.
N, number of cells analysed.
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days after the administration. In mice that received zooo/ig LSD/kg b.w. the fre-
quency of spermatocytes with univalent_ was also significantly increased 84 days after
the administration. \Vhereas in the influenced as well as in the control mice X-Y THE

univa!ents predominated, which is in agreement with the literature data, in rats the II. g
autosomal univalents predoininated. This finding might be attributed to a species-
del)endent occurrence of autosomal and X-Y univalents.

The considerable individual, strain- and species-dependent variability in the R.J.

frequency of :_permatocytes with univalents, even in untreated animals u, diminishes Inslit

the significance ol this finding for the assessment of the nmtagenic effects of chemical Podia

agents. \Ve cannot say whether this is due to asynapsis or desynapsis. Similarh' the (Reee

effect of the method is not clea#. (Revi

- Nonetheless, SCHLEIERMACHER n described an increased proportion of sperma-

l tocvtes with univalents in mice 6 to 31 and 4 to 22 days after the administration of
Trenimon and Endoxan respectively. On the other hand, LI_ONARD AND LINDEN s

,, found no signiticant increase of univalents IOO days after the application of six mono-

1 functional and poly-functional alkylating agents Neither (lid ADLER AND R6HRBORN 1 SUM3

after chronic with caffeine.
a treatment

, The t)athophysiolo_eal processes responsible for the onset of univalents are

still obscure• There is no proof that the presence of univalents could be attributed to • the d
small structural chromosomal aberrations n. One possible explanation might be the dose

mutation of genes controlling actual cell division, specifically the synapsis and de- 5 × I

synapsis of homologous chromosomes. Impaired cell division of germ cells cha- LSD
raeterized by chromosome losses in Dros@hila wclanogastcr after the treatment of
LSD was described by BROWNI.NG2 and by gR._.51_4. dorr_I

] togel
i REFERENCES

I ADLER, I. D., AND G. ROHRBORN, Cytogenetic investigation of meiotic chromosomes o[ malemice after chronic caffeine treatment, Humangrm'tik, 8 (I969) 8I-85.
1[ INTR
i 2 BROWNING, L. S., Lyscrgic acid diethylamide mutagenic effects in Drosophila, Scie;zcc, 16I

t (196S) IO22-Io233 COItEN, ._[.._,I., AND A. B. _[UKHERJEE, .Meiotic chromosome damage induced by LSD-25,

j Natltrc, 219 (1968) lO72-1o74, togel

4 DISHOTSKY, N. I., V%'. D. LOUGHAM, R. E. _IOGAR AND \V. R. LIPSCOMB, LSD and genetic
damage, Scic_cc, I72 (I97 I) 431-439.

5 EGOZCUE, J., AND S. IRWIN, Effect of LSD-25 on meiotic and mitotic chromosomes of mice and fiel&

• , _ - ..... , ........ _o. Of gl] 6 HULT_N, 31, J. LINDSTEN, L. LIDBERG AND tt. EXULUND, Studies on mitotic and meiotic
J chromosomes in subjects exposed to LSD, Amz. Gem't., l i (196,q) 2Ol-21o. suits

7 JAGIELLO, G., AND I). E. POLANI, Mouse germ cells and LSD-25, Cylogenelics, 8 (1969) I36-I47.
; 8 l.gox _1_, A., *>:_ G. Lz::_y;x, Observation of dividing spt.rnlatocytes for chromosome aberra-

tions induced in nlouse spermatogonia by chemical muta._ens, 3lutalion Res., 16 (19721 297-300. MATI
!
] 9 LOXG. S. Y., I)oes LSI) induce chromosomal damage and malforinations ? A review of the

literature, Teratologv, 6 (1972) 75-9o. 3Ial,IO .MEREDITH, R., A simple method for preparing meiotic chromosomes from mammalian testis,

Chromosoma, 26 (1969) 25-t-258.I1 SCtlLEIER._X*CHER, E., The activity of alkylating agents, II. Histological and cytological singl
findings in spermatogenesis, in F. \rOGEL AND CJ. ROHRBORN (Eds.), Chemical Mutagenesis in inje(
Mammals and 31an, Spriuger. Berlin, 197 ° , pp. 317-34I.

i 12 SKAKKEBAEK, N. "12.., ANt, i_. A. BEATTY, Studies on meiotic chronaosomes and. spermatozoon SOiLtt
i heads in mice treated with I..SD, J. Reprod. Fertility, 22 (197 o) 141-144.

13 SKAKK]'2BAEK, N. E., J. PHILIP AND O. RAFAELSEN, LSI) in mice: abnormalities in meiotic * LS
t chromosonles, Science, I0O (I96S) 1246-1248.
I _ , 040
i 14 SR._.xL R. J., .Mutagenic effect of LSD in Drosophila m lanogastrr, Activatis Nervosa Super., i2

i (i97 o) 265-266. AbbI

I


