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:t ALEXANDER, GEORGE J., GEORGE M. GOLD, BRUNO E. MILES and RITA B. ALEXANDER : Lysergic

acid diethylamide intake in pregnancy: Fetal damage in rats. J. Pharmacol. Exp. Ther.
173: 48-59, 1970. Oral or subcutaneous administration of lysergic acid diethylamide
(LSD) to hundreds of pregnant Wistar-O'Grady rats resulted in damage to litters which was
3 to 4 times higher than in corresponding controls given distilled water or saline. The
proportion of deaths during gestation, abortions, resorptions, runting, offspring stillbirths
and the rate of offspring mortality was increased. However, no unusual number of specific
defonnities was encountered. Teratogenicity during any particular organogenetic period was

_i not demonstrated. Treatment during the first seven days was found harmful; treatment
later in pregnancy was ineffective. The LSD effects appear to be dose-related and persist
into the second generation.

Harmful side effects of lysergic acid diethyla- Takacs, 1968). Until recently no ease of human
mide (LSD) during pregnancy have been re- fetal defonnities directly and solely ascribable

ported in experimental animals (,Mexander et at., to LSD intake in pregnancy has been kno_-a.
1967; Auerbach and Rugowski, 1967; Geber, Now, however, one such possible case exists al-

i:_ 1967; Roizin et al., 1968) although not by all though the evidence, as usual in such cases, is

i!i investigators (Abramson, 1960; Warkany and far from incontrovertible (Zellweger et a_., 1967).

i Received for publication October 28. 1968. The exact nature of the damage due to LSD
Supported in part by Grant NB06298from the treatment in animals during pregnancy has not

_ National Institute of Neurological Diseases and been detailed heretofore; only preliminary ob-
Blindness, U.S. Public Health Service, Bethesda, servations have been published. In this paper,

iiil Md.20014.Work was performed in the laboratories of the we attempt to describe in detail the gross effects
Neurotoxicology Research Unit, at Bronx State of treatment with LSD early in pregmaney on

,_:_ Hospital and at the Department of Biochemistry one strain of rats.
(Psychiatry) of the Collegeof Physicians and Sur-
geons at the New York State Psychiatric Institute.

_}:_ 'Associate Research Scientist, Neurotoxicology METHODS.Lysergic acid
diethylamide tartrate

Research Unit. New York State Department of (LSD-25) was obtained from Sandoz Pharma-
Mental Hygiene. Bronx State tIospital, Bronx,

:_ N.Y. 10461 and New York Slate Psychiatric In- ceuticals (Hanover, N.J.) as a dark yellow amor-
stitute, New York, N.Y. 10032" Assistant Profes- phous powder. It was kept dry in the dark and
sor, Department of Biochemistry (Psychiatry) of dissolved as needed. The compound was ana-the College of Physicians and Surgeons, Columbia
University, New York, N.Y. 10032. lyzed in the ultraviolet and spectrophotofiuorim-

4Director of Clinical Laboratories, Bronx State eter for decomposition products and was found to
Hospital. Bronx, N.Y. 10461. contain no noticeable admixture of oxidized mate-

_ searchSResearchunit,BronxPath°l°giSt'statettospital,Neur°t°xic°l°gYBronx,N.y.Re- rial, such as was visible, for example, after treat-
:_ 10461. ment with hydrogen peroxide. A solution of LSD

_Research Scientist, Research Foundation for (5 ng/ml) standing in the refrigerator for three
Mental Hygiene, Inc., New York Psychiatric Divi- months showed 50% decomposition. However.sion, New York State Psychiatric Institute, New
York. N.Y, 10032. frozen stock solution (1 mg/ml) showed no sig-

Send reprint requests to: Dr. G. Alexander. nificant change in six months. Fresh dilute solu-
722 W. 168th St.. New York, N.Y. 10032. tions were routinely made before use: in dis-
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tilled w:lter for oral treatment and in physiologic weight, age and apt,arent health. The procedure of

PREGNANCY: saline for injection, selecting animals for treatment with LSD or pla-
Wistar rats were purchased originally from cebo, respectively, was deliberately varied from ex-

Flora 0'Grady (Bronx, N.Y.) and were bred in periment to experiment. The animals were ahvays

_O E. lvIILES _ our colony at the Bronx State Hospital. They were numbered first and labeled with picrate, placed in
fed ad libitum a standard Teklad laboratory diet cages and mated, usually two females to one male.
containing 6% fat. One or two females were placed The specifics of the selection for treatment were

de and Bronx State with each male in a cage for four days to ensure not decided upon until later. In some experiments
Columbia conception. When the knowledge of exact date of either even- or odd-numbered rats received LSD;

conception was deemed essential, the animals were in others, the first five received the placebo, the
left together overnight only. This method, although next five LSD, the next five placebo again and so
wasteful, was considered superior lo all others that on. These variations also insured that housing and
we have tried, since it avoided all the pitfalls in- mating were deliberately varied. Sometimes one
herent in observing v'lginal plugs, smear tests for of two females housed together and impregnated

. ALEXAXDEa:Lysergic presence of sperm, etc. In routine cases, once it by one male received LSD. the other placebo; at
harmacol. Exp. Ther. , was established that LSD does not affect the very other times both females from one cage received
ic acid diethylamide regular 22-day gestation period of these rats, it I.SI), whereas both froln another received the
;e to litters which was w:ts possible to calcnlate b'_ekwards from date of placebo. In a separate experiment LSD was also
water or saline. The dtdivery to date of conception. The aninmls were given in drinking water after delivery to test for
;, cffspring stillbirths l,ertnitted to come to term, and the gross ap- an effect, if an),, on lactation.
al number of specific 1,earanee of the offspring at birth, their growth rate
mogenetic period was and health and finally their fertility and progeny I{ESI_'L'rS. Overall statistics. The total number
t harmful; treatment wereobserved, of felnale rats mated in the experiments de-
se-related and persist Animals which failed to deliver on the due date scribed in this report exceeded 260. They were

were autopsied a few days later, as were animals mated with over 200 inales and produced almost
which died during gestation. In a few cases the 1S00 offspring. In the first series of exl)eriments

animals rere obviously very sick and un'tble to which invoh'ed a study of the effects of LSD
"ecently no case of human deliver healthy offspring. To alleviate their suf-
_'tly and solely ascribable fering, they had to be st,crificed during gestation, intake early in pregnancy on fetal damage, 108
_gnancy has been known. After a gross examination, they were etherized, pregnant females were divided into matched
ch possible case exists al- and their brain, heart, lungs, liver, spleen, adrenals, groups: 55 were given the drug, and 53 were
as usual in such cases, is intestines, bladder, kidneys, ovaries and uterus given placebo (table 1). Although 15% of litters
)le (Zelhvegeret a/., 1967). were inspected. Excised organs were preserved in of the control rats showed some evidence of

4, ,,c of the rats treated with LSD failedthe damage due to LSD formalin for future pathologic examination. A damage, -c,
luring pregnancy has not similar procedure was followed with the offspring, to deliver undamaged litters. Probability of ob-

re; only preliminary ob- Stillborn young, or those dying within one month,
were examined as soon as obtained and then pre- TABLE 1

published. In this paper, served in formalin. Surviving offspring (no more
in detail the gross effects than 8/litter) were kept for one month: those LSD early in pregnancy in Wislar-O'Grady rats

2) early in pregnancy on needed for maling were spared, and the rest were (s.c. and p.o. treatment) _

sacrificed and examined. When mature (usually Placebo LSDTreatmentat three months of age), the offspring were mated
cid diethylamide tartrate with each other or wid_ contro!s to determine Total --

t from Sandoz Pharma- second-generation fertility and health. Care was iSn_] p.o. Total

.) as a dark yellow amor- exercised, however, to avoid inbreeding. --_-c, --
:ept dry in the dark and LSD was administered by s.c. injection in the Number of pregnancies 53 29 55

" Resorptions 2 2 l 3 5

?he compound was ana- dorsal region at the beginning of the study. Later l)eathsduringgestation 3 1 1 2
and speetrophotofluorim_ it was also given p.o. with an eyedropper intro- Littersof6 orless 0 1 2 3

,roducts and was found to duced into the back of the mouth. The dose was Litters containingstillborn 3 3 5 8

mixture of oxidized mate- varied from 5.0 _g/kg to 100 u,_/l",_,,,. It was given TotalLitters(,fabnormalC°ntainingpregnanciessieklyyo,H,g J 80 125 143 268

only once to any animal, and the time of admin- Offspring,total 612 212 309 521
for example, after treat- istration varied from 10 a.._r,to 7 P._t. Single doses Sickor stillborn It 29 29 58oxide. A solution of LSD

were given belween the 1st and 16th day of gesta-
tl_e refrigerator for three tion during either first, second or third pregnancy. " LSDwasad n nisteredp.o.or 1,ys e inlectionas indicated,
decomposition. However, - _ " between the first and fourth day of pregnancy, p.o. dose, 20Results of the pregnancieswere comparedwith - "

,ug/kg in distilled water; s.c., 5 ,ug kg in saline. Concentration,

mg/ml) showed no sig- each other as well as with results obtained with 20tag/roland5#g/ml, respectively.Placebo.0.3 ml of distilled
_onths. Fresh dilute solu- control animals carefully matched according to water orsaline, asre, luired.
,'.'de before use: in dis-
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t-tining these results by chance, according to tile visible damage while growing to maturity, re- If) there r:t

Student's t test, was less than 0.15L Control vealed the presence of damage through produc- "xt'erinwn_
litters varied from S to 17 offspring, and LSD tion, in turn, of damaged offspring: As described .votuvz: wh,

litters varied from 0 to 16. Average litter size below, when both parents were LSD offspring, I'P arettttv
- c, ,ml !; d,:h_

was 12. 0 offspring/'litter for controls and 1°.7 for _0_ of their litters showed some evidence of

treated animals. However, although only 2% of damage. Thus, the overall value of 11% of dam- ,,,- stunw, t

612 offspring of control rats were stillborn and aged offspring after treatment with LSD is low i,ahhv off-

none died during the first 10 days, 11% of the because it reflects only that pronounced damage ",5 nfl'.,lWin

521 offspring of LSD-treated mothers were either which prevented survival for more than a few m:tl. St:m-

stillborn or died within 10 days after birth. Sta- days. If damage as revealed by second-genera- ,<ru&,nt's t

tistical analysis of the data (14:612 vs. 58:521), tion animals during their pregnancies, were to litter siz,-_

also according to the Student's t test, indicated be included, the figure would rise considerably. 1rt,aled ra!

that the likelihood of obtaining these results by Comparison of s.c. and p.o. treatment of rats which is ,

chance was minimal (Z = 6.28; P < .0Ol). All with LSD. Of the 55 pregnant rats treated with work. Oth

surviving offspring, as well as those which were LSD early in pregnancy, 26 received the drug l'r°p°rti"n

found in utero during autopsies or were stillborn, by s.c. injection, and the remainder received the iwerrupu',

were careflflly checked for gross abnormalities, drug p.o. Possibly the group given p.o. treat-

Few obvious defects were found, and these will ment showed somewhat less damage, fewer of one or m,th:tl died "_
be discussed later. Ahnost 70% of the surviving their offspring were affected and the litter size

offspring of LSD-treated rats developed normally was larger. However, none of these differences _i,zni!h.:tn_

until maturity and did not show any effects of appear statistically significant (table 1). The

the drug. Itowever, 3% did not grow as well as route of administration app:trently makes little

controls, 1S% died during the first month of life difference .............

and another 9% died when they matured and Effects oJ single s.c. injection of LSD. A single

were mated. By comparison, 4% of offspring of close of 5 #g/kg was given to five pregnant rats

control rats died during the first month. In addi- on the fourth day of their first gestation, while I,:_vt. Lin,

tion, a sizeable proportion of apparently normal matched controls were given physiologic saline _i,,

offspring fronl LSD-treated animals, showing no (table 2). The experiment was repeated with ........

TABLE 2 -In s
Subculaneous injection o] LSD earlg in pregnancy _ b .',

l! l(

Control LSD Treatment 11

Expt. i
Size of Sick or I Size of Sick or Comments

litter st llborn Comments litter stillborn e 1

!iI-I
la 11 0 All offspringnormal 0 0 Interrupted pregnancy g 1

lb 11 0 All offspring normal 9 9 All offspring stillborn, two h 1
stunted

le 13 0 All offspring normal Six offspring st illborn
ld 13 0 All offspring normal One offst)ring stunted

i le 16 0 All offsl)ring normal All offspring normal i

2a 8 0 All offspring am'real Interrttpted pregnancy

2b 12 0 All offspring normal Three offspring stillborn, one j
died2ndday k

2e 13 0 All offspring normal 11 1 One offspring stillt)orn I
0 All offspring hernial but size of2(t 15 0 All offspring normal 4

,_ili litter small
2e 17 0 All offst)ringnorntal 10 0 All offsl)ringnormal m't

" Only I)regnant females, 250 4- 20 g, were used, matched in five pairs pet" experiment. On fourth day n

! of pregnancy, control animals received 0.25 ml of saline, others 5 ug of LSI) per kg in saline (5 #g/ml). o

LS1) animals la an(l 2a were autopsied 25 days after conception. No embryos were fotmd in the uteri, p

: which were, however, enlarged. From time and weight curves it appears that pregnancy was interrttpted .........
within three (t'tys after LSD administration.
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,g to maturity, re- _ 10 more rats. All 10 control animals (5 in each of tile nmnbers of damaged offspring out of tile
gc through produc- exl)eriment) delivered normal litters of 8 to 17 total born (0:129 vs. 21:$5) proved the data
:pring. As described young; whereas, only 2 of 10 treated animals had significant, also at tile level of 0.1%. _i
ere LSD offspring, apparently normallitters, 2 resorbed their fetuses Effect of treatment of rats with LSD after !._ :.

some evidence of and 6 delivered litters containing either stillborn tl_e eighth day of gestation. Five pregnant ani-lue of 11% of clam- or stunted offspring. Control rats delivered 128 reals were injected with 5 /zg/kg of LSD once,

It with LSD is low _ healthy offspring, and LSD-treated rats delivered late in pregnancy (i.e., between the 8th-16th I
_ronounced damage $5 offspring, of which 21 were obviously abner- (lay). In no ease were the offspring of these mat- ,
: more than a t'ew _ real. Statistical analy'sis of the data with the ings visibly affected by the drug. Litter size was _ :

by second-genera- . tudcnt s t test established that the differences in possibly somewhat smaller than in the five l'egnancies, were to litter sizes (8-17 for controls vs. 0-16 for LSD- matched controls given saline (controls, 10-16
rise considerably, treated rats) were significant at the 5% level, offspring; LSD, 8-13 offspring). The LSD ant- [

. treatme_t of rats which is generally acceptable in the biologic reals delivered 51, and controls delivered 65 _:
tt rats treated with work. Other t test comparisons involved the offspring. In addition, seven animals received _.

received the drug proportions of abnormal pregnancies, defined as LSD p.o. on or after eighth day of pregnancy, }:
ainder received the interrupted pregnancies, identifiable resorptions and they, too, delivered only normal offspring _

given p.o. treat- and pregnanciesrestdting in litters containing (seebelow).
damage, fewer of one or more stillborn, runts or sick offspring Comparison between first and second litters i_
and the litter size that (lied within 10 davs._ These data were highly of the same females, with and without LSD. To i_
_f these differences significant (P < .001). Similarly, a comparison ensure that the observed LSD effect was not due i

_t (table1).The TABLE3 irentlymakeslittle
Comparison of first and second litters of the same mothers, with and without LSD injection _.

r_of LSD. A single First Mating SecondMating
fivepregnantrats

"stgestation,while Expt. Liner Sickor _,

Li _ter Sick or Comments still- Comments
physiologic saline ., ize stillborn size born L

vasrepeatedwith ----
Notreatment Placebo !

l
4a 8 0 All offspring normal 9 3 Two died on 12th day, one on 17th ;::
b 8 0 Alloffspringnormal 11 0 Alloffst)ringnormal _:
c [0 0 All offspring normal 14 0 All offspring norm._l _'
d 16 0 All offspring normal 17 Two died tm 13th day, one on 18th, one

on25th i
_mlncnts

e 13 0 Alloffspringnormal 11 Twodiedon 18thday !.

f ll 0 Alloffsprit_gnortnal 12 Alloffspringnormal)regnancy
stillborn, two _ g 10 1 i One died on 17th day 14 All offspring normal

_ h 16 0 Alloffspringnormal 16 Alloffspringnormal

stillborn INotreatment LSD _!':

stunted i i
normal i 13 0 All offspring normal 4 3 Two died on 5th day, one on 13th day, !_
wegnaney _ litter small [,

i,,g stillborn, one j 11 0 All offspring normal 0 0 Pregnancy interrupted ii:t,v k 15 0 All offspring normal 13 0 All offsp,'ing normal
: stillborn 1 12 0 All offsI)ring normal 10 10 All ten died, three on 10th day, three on !.
normal but size of I llth day, twt) on 16th day, two on

18thday
m,rmal m 11 0 All offspring norm'd 11 4 Two died (m llth day, one on 12th day,

oneon22ndday i
era. On fourth d'_y n 13 0 All offspring normal 10 2 Two died ()tt 14th day _,'
n saline (5 _g/ml). : o 13 0 All offspring normal 11 3 One died on 1st day, two on 13th day

found i,t the uteri, _ p 11 0 All offspring normal 14 I 6 Three stillborn, three died on 3rd day i
cywasinterrupted_ !':

i
i

t
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merely to difference between first and second showed that tile data were significant at the Trt.:_m_
litter of the same female, records were kept of 0.1% level when offspring dying in 10 days in cc.ste_fi_,_,

all pregnancies, and 20 animals which had a first. (untreated) and second (LSD) pregnancies to offq,r:"
healthy, normal first litter were mated again were compared., mcnt :,_,,
three months later. Sixteen which became preg- Damage to offspdng after p.o. LSD intake, no visii_5

nant were divided into matched groups: one In a batch of 16 pregnant rats (from 20 pairs E l]_c_ ,,
group was given 5 >_.-%;k_of LSD s.c. on the mated), one-half were given 20 _._,'k,,, of LSD (Miverv }
fourth day of gestation, and the other group in the back of the mouth on the fourth day' of tainin:_ 2<
was given 0.2 ml of physiologic saline. The con- pregnancy, and the other half were given a vidt,d _.

trol gronp delivered eight normal litters. None placebo. One of the control rats delivered a was ,:i,..,_
of the offspring were stillborn, and none died litter containing seven stillborn offspring, but
during the first 10 days of life. Of the 8 LSD- the other litters were normal. Treated rats pro-
treated rats, 1 failed to deliver any offspring, 1 duced a much higher percentage of damaged Or,d
delivered a normal litter of 13 and the remain- offspring (table 4). Student's t test indicated ..............
ing 6, all of which had previously had normal that this result could not have been obtained by

healthy litters, now produced litters which chance more than 0.1% of the time. The proper- u,,_,,:
shmved some damage due to the drug (table 3). tion of abnormal pregnancies after LSD intake i_s_,
Twelve of 73 offspring of LSD-treated rats were was, however, not significant at the 5% level.

damaged, either stillborn or died (luring 10 days. Changing the dose from 5 to 100 /,g/kg pro- ----(_-
In addition, 16 more offspring from this batch duced an increase in the number of damaged o
died between the 10th and 30th day of life. In a litters at higher concentrations. Each dose group 5
previous (untreated) mating of this batch of consisted of five rats but one animal in five never 1o
rats, no offspring died within the month. In a became pregnant. None of the four control lit- 20

matched control batch, first pregnancy resulted ters showed any damage; p.o. tre:mnent with 5 :i._
in 1 of 92 offspring dying on the 17th day. See- or 10 /,g/kg of LSD produced slight damage; 1(_
end pregnancy in this control batch resulted in treatment with _'20,_/_'k_,_,produced severe dam ...............
104 offspring, 9 of which died within a month, age (table 5). The number of animals was not
In all three "control" pregnancies, as seel) in sufficient to give more than a mere indication of
table 3, no offspring died within 10 days after possible results. Even at the highest close tested
birth. Statistical analysis (Student's t test) (100 _,.g/kg), one rat delivered a normal litter.

TABLE 4

Effect of LSD (20 ug/kg p.o.)"

Placebo LSDTreatment

Litter Sick or Litter I Sick or Comments
size stillborn Comments size , stillborn

12 0 All offspring normal ;- 0 Litter small, but normal
10 7 Seven offsprirtg stillborrt 13 i 3 One offspring died m_ 21st day, two died

on 2l;th da 3"

13 0 All offspring normal 16 7 Five offspring died ,m lsl day, two died
on 2nd day

11 0 All offspring norma/ 13 4 Four offsl)ring were stillborn
13 0 All offspring normal 13 0? Mother died 1 week after delivery _
12 0 All offspring norntal 6 2 Litler sm'dl, tw() offspring died on 1st

day
11 0 All offspring normal 13 0 All offspring normal
12 0 All offspringnorntal 11 0 llesorption (ll sites)

° Twenty animals, in 10 nmtched pairs, were used; 16 became pregnant, one-half received LSD on
fourth day of pregnancy.

bOffspring of this animal appeared normal at the time of mother's death, but they were too small FI*;. !
to survive on their mvn. Atlempts to find substitute mother failed. They had to I)e sacrifced. One is i_
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_re significant at the : Treatment on any of the first seven days of in the control experiment and 15 in the LSD
•dying in 10 days in gestation produced roughly comparable damage experiment) were weighed after 5 days and then _'
ld (LSD) pre.-nancies ;a offspring. As with s.c. injections, p.o. treat- were weighed daily thereafter. Animals with ;

e, wellasmeat after the eighth day of gestation produced mothers on LD grew as controls. Pres- !
iter p.o. LSD intake, no visible harm. enee of LSD in tile drinking water during lacta-

i.t rats (from 20 pairs Effect o] LSD on lactation. Immediately after tion apparently did not affect the offspring, i"
•en 20 _g/kg of LSD ! delivery by normal, untreated rats, water con- Results oJ autopsies o] treated rats. Few gross

,on the fourth day of raining 20 #g of LSD per kg per day was pro- changes were observed and none that could re- _
r half were given a vided to some nursing mothers. Fresh solution liably be ascribed to a direct effect of LSD ad- _
trol rats delivered a was given daily for three weeks. Offspring (19 ministration. Pregnant animals, of course, had l_.

illborn offspring,but an increasedvascularbed aroundthe uterus and i_
nal. Treated rats pro- TABLE 5 associated sex structures. Hearts of some LSD- _..
,reentage of damaged Oral administration of LSD (dose effect) treated rats were often engorged and were larger

ent's t test indicated Stillbora than those of comparable controls. Lungs were
m'e been obtained by Offspringand often congested and infected. In animals preg- .
the time. Tile propor- Dose of Number of Offspring Offspring {:"

cies after LSD intake LSD Pregnancies Total Dying in 10 Days nant for the first time, which were treated withLSD and which resorbed their fetuses, the uteri i:
.'anc at the 5% level. . No. ! % were moderately enlarged and showed three to [_..
5 to 100 p.g/kg pro- ,e/kg nine pinhead-size, well delimited areas of clark }.

number of damaged 0 4 48 0 0 red-to-black discoloration in each horn. These

ion,_. Each dose group 5 4 40 i 5 changes suggested individual foci of vasculariza- ¢_
ne animal in five never 10 4 49 8 lion. The ovaries were slightly enlarged. Animals _i

f the four comroI tit- 20 4 47 1 28 which died towards the end of gestation had, of :
p.o. treatment with 5 50 4 37 14 38 course, i_z v÷er'_,,__ _,,,,o_,,J'w"- or fetuses of var-';n,,_,_, '
&,ted slight damage; 100 4 a9 9 23 "
producedsevere clam- s_zedependingon stage of developmentNon- ._
.._rof animals was not '

n a mere indication of : _[l_i< 1 2 i 3_ d, . N , 6.' ;

emlhehigheStanormald°Se..____litfor.tested -, if i v{!{{:!lt ':_{{,_'"'_,.:i; [,'_';,,t
{

• . . {

i
A.

,tomcats _ @

I1_ll'llllt]

t _,n 21st day, two died ,_.

d ,m lsl (lab-, two died e Y:' "g':"_%_. .

ere slillhorlt
:?el," after delivery b ",%

, ot)'spril_g die(] on 1st <. _ _ _
hal

tcs)

'-half received LSD on

ut they were too small FI(;. 1. Two stillborn fetuses of a rat injected with LSD (5 _,g/kg) on tile fourth (lay of pregnancy.
be sa('rificed. One is fully developed; tile other is inmmture but shows no obvious deformities
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pregnant LSD-treated animals displayed normal TABLE 6
uteri, ovaries and Fallopian tubes. Second-generation mortality after s.c. LSD _

Description of offsp,qng. Obviously, seriously II IIM°rtaUty(days)
damaged offspring did not survive until birth. Litters Offspring Sti born .....

Embryos whose devclopnaent ceased early ,,'ere [ lO I 20 a0

eompJetely rcsorbed, their previous presence in- _ .... / I
dieated only by clark spots on the reside wall of Control 16 199 0 / 0 I 5 I 3

,heuterus.Stillbornyoungus ,allyaI,l,eared I { / / I I
paler than normal. In general, the gross appear-

LSD was given to mothers on fourth day ofance of their heads and locatiou of eyes was
norlnal. Extremities and tail were fully <level- gestation. Offspring themselves were not treated

in any way, but the)" were already conceived,
oped and normal. In a mm_ber of eases, how- though probably not yet implanted in uterine
ever, some of the stillborn animals were severely wall.
stunted although well formed. They looked

youn_er, as if their growth had been arrested second-generation animals revealed few obvious

several days prior to their delivery (figs. 1 and deformities. Shape of head, skin and extremities
2). Judging from gross appearance, damage to appeared normal at birth. No exact data can be
bone s_rueture was a distinct possibility in a given at this time, but a few impressions of the

few eases but was not examined further. In a observers are given below. They may prove use-
few isolated eases bladders were abnormally dis- ful as hints for further work. Large differences
tended: livers, kidneys, intestines, thynlus or in size were found among offspring of the same
spleen were irregular in shape, enlarged or an- litter of LSD-treated mothers. These size differ-

usu:d]y (lark: but in general these and other ences were larger than those found among off-
= organs were grossly normal, spring of controls.Stunted animals appeared less
i' Gross examination of hundreds of surviving well-developed and weaker, and they generally
[ died within a few days. Among survivors, somei
I differencesappearedwithtime:theeyesof some

I did not open, or they opened 3 to 10 days later Fro. a. T.
than in presumablyhealthylittermatesor con- ,h.f.rmity;
trois. Some LSD-trcated animals were more

<:":'_* lethargic than others. Their fur did not iook•".. "yOllngWaS

...............:._,_, healthy, their gait was often peculiar with their derived ft'_i

I rear limbs spread apart. The shape of their The.wei,zb_heads was more romlded. Two to 3% bled oe- 51 g. rc-

,_ .:..<.--_ easionally from their noses or mouths. No such wei,.,ht,d, -
a C_;°.... traits were observed in offspring of control rats. weighed t
.} - Eventuallymostof thevisiblyaffectedoffspring _r.up -f .
,_: died: some immediately after birth, some as I.Sl) :.,,,m

v_, nmeh as a month later (table 6). One survived t,r:,in :m,!
,-. -.,-.'' =, for six weeks in spite of a probable skeletal de- ,ftvu

¢: %_._" ........ fortuity (fig. 3). The mortality data is statisti- 1,ad,,d-_w
-; tally significant at the 0.1% level. The brains m_z,w,_'v,I.

•'_ and viscera of offspring of LSD-treated rats were ,u:d :m,t ,
:_ -_ _-' generally grossly norlnal. Approximately 20%, _,,n, thi,
"_ -:# however, showed hmg infection and heart en- _ravi,h-uJ,#

_;.. sJ gorgement, as compared to less than 1% of wr werv
'_'2 _' _.*' such symptoms among matched controls. 1", ,f t i..
'i ' - Lilters were arbitrarily reduced to 8 offspring, Ti,n _:q'i'
: both in ease of controls and LSD-treated moth- _i,m suc:

_ era. The offspring were kept for three months, _re:m,,l r
]:lc. 2. Three embryos from all LSD rat in-

:, . during which time most grew at a normal rate. th-m v.w
jeeted with 20 #g/kg on the fourth day of preg-

_ " On the Sth day the average weight of 6t control sytnl,'-t xL. nancy.
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"/y after s.c. LSD _ i ........'"' ">_ ................ ""!_

Mortality (days) _ ,. .' • :'.::

tillborn -- _ " Y_ _"e;"*< _ _ -" " " i
10 20 30 ! z_ _._,_

.,rs on fourth day of ? _ " _ cr* ':'_.?
yes were ,tot treated '_ i *'_ '_ i;!1 '

already conceived, " 5,_ '_ - _.. _" _

nplanted in uterine /,.: . :::__.7::' " _"_,_ '

?vealed few obvious 7".... _,-:__a___.-.--: .... "--_----_- .....:..... "..... ' ........................... :

&in and extremities "-_'°_ :"_ ..... _,._.._--_ ...... -_-_--............ r_v_r-,-__*_, ii

oexactdatacanbe ;?- .=
• impressions of the ?

hey may prove use- _ , ._ ._
c Large differences _.
_'springofthesame _, '

s. These size differ- : ..'_z_,,,, ,_ % _ ..,.
,, found among off- - '_. ,._ _.'_ _,... _ :>_ :
imals appeared less .... :-,, ' ' "- __-,"'

and they generally . -.-:_

,ng survivors, some {i_: . , ......e: theeyesofsome

3 to 10 days later l,'m. 3. Two one-montl>ohl ofi'sp,'ing of LS1)-treated mother. One, small• showing a possible skeletal
itter mates or con- deformity; the other apparently _mrma[. The small r'tt died at six weeks of age.
rituals were more

fur did not look young was 18.4 g; the average weight of tlxose Offspring of rats treated with LSD early in
peculiar with their dem'ed from LSD-treated mmhers was 19.4 g; pregnancy were mated in turn at three months

_e shape of their the weights at 22 days (weaning) were 53 g and of a_e and proved fertile, but a significant pro-

,'o to 3% bled oc- : 51 g, respectively. After 6 weeks, controls poltlon bore damaged young. These :animals,
• mouths. No such weighed, on the average 163 g, and LSD rats u_ed now as parents, were already conceived
ng of control rats. weighed 153 g. Upon autopsy, the surv_ving when LSD was inlected into their mothers on

• affected offspring _roup of apparently healthy seeond-generanon the fourth day of gestation but were not them-
.r birth, some as ].SI) animals usually had normally appearing selves _reated in any way after birth. The dam-

6). One survived brain and viscera, but occasionally, 3 _o 4 times __t" _o third-_ener:_tion r&ts was negligible whelr
@d.fie skeletal de- as often as in the control group, varlol.lS gross only one p:_rem teither male or felnale_ was

v data is statisti- patlmlogic findings were manifested, ttearts were derived from an Lg])-treated mother but was
level. The brains enaorged, vaseularization was greater than _oi'- severe when both parents were so derived. Five
Mreated rats were real and the spleen was often enlarged. In addi- of six control rats delivered "normal" litters. ;.

proximately 20%, , _i,n, thick-walled, round or slightly elliptical, When one parent was derived from an LSD-
,n and heart en- : -_rayish-white opaque cysts, 3 to 4 lnln in diamc- treated mother, 13 of 19 litters were normal,
less than 1% of _ ter were found in the livers or small intestines of but when both parents were derived from LSD-
1controls. ' 1_; of the animals. Again, a significant proper- treated mothers, only 3 of 10 litters were normal
cod to S offspring, s (table 7) The tvpe of damage is shown in table
"q-)-treated moth- : lion (approximately 20%) showed lung eonges- • .i lion suggesting that the offspring of LSD- S. !
i,,r three months, , treated rats had a lower resistance to infection Statistical analysis was difficult. Comparison _.
at a normal rate. : than controls which only rarely manifested such of numbers of offspring actually born (including :.
izht of 64 central l stillborn) indicated ]]o significant difference at'_ symptoms. I

?

i
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TABLE 7 0.1% level (Student's t test). Offspring of LSD/ _d,,,a.,_is

Overall results of pregnancies of second- control parents were, however, not significantly -i:e da_:

generation LSD rats" different from offspring of control/control par- ;r.z, t,h(:
ents. ,iUtJ _ ,. ;

Parents I)ISCI.rSSION. A batch of five four-day preg- ,i,rir:g i
toni nant rats was initially injected with LSD and r,.-_ed.
trol Control LSD LSD permitted to come to term. Eighteen days later .ks s"(obl (o_) /_n_¢i (o_) - -
and. and " n and these rats delivered some stillborn offspring. It prce, ca_:Con- t LSD I t_o - LSD

_o_ (_ / t_°' _) was decided to repeat the first experiment; tits to
(_) hence, the second batch of rats again was after I_

Pr_g_an_i_ 6 }_0 9 _o treated on the fourth day of gestation. Again, wio_ w:
Resorptions 0 0 l 2 the animals were permitted to come to term, and .ki (19'i

OffspringI)eathsduring_:_,rdgetteration)gestati°n0 i I 03? 0 1 (n) b again, offspring abnormalities were encountered, m _ae' ,'
Total 6t SZ 9_ 79 These data, although preliminary, were striking. "i'b_.._ed
Stillborn 7 0 1 13 The number of resorptions and of stillborn off- .q_lft ._.z
Sick and dying in 10days I 0 3 1 3
Surviving 57 SO 90 6Z spring was significantly higher in LSD-treated c',usure

animals than in matched controls or in the un- lieu of

a Offspringof LSD-treated rats weremated with controlrats treated population in our colony. _ower jor with each other. "

b Figure_ in parentheses represent the number of embryos Tile conditions of the preliminary experiments cation t

found in uteroduring autor,._ies.Ttwy are not included in the largely determined further developments. Since ;,.,:,re ex
offspring t_,tMs(stillbornanimalsare included), the initial sample was very small, we decided b lily t(

to continue with larger numbers of animals .Matform
TABLE 8 from the same strain, treated in exactly the same liver as

l._.sue of second-generation rats" manner as the initial batch. Our present data, ,rod run_
t compiled from a number of experiments, largely mothers

S_]_ OffspringMortality confirm our preliminary report. A significant in- _,n the _.Litter . (days)
Rat Size Off. Remarks crease in fetal abnormalities occurred among four da3

spriri 20"_ r-_ _

litters of '_XLtar-O Gradv rats injected s.c. with were ob,:
...... LSD early in pregnancy but not among those ps:,'t,hot_

6a 0 Mother died (11 embryos) injected after the eighth day. In addition, it d,,rivati_6 b 2 Litter small
6 c 0 Resorption appears that when apparently normal second- e_hylami

d _a ,Xitn,,rm_i generation animals grew to maturity and were of LSD
6 e 0 Resorption mated, some died during gestation or soon after thus, t'_

it 8 a 14 3 g _ 1 Two stillborn m-ere runts
• 8 c 13 3h, ther died after delivery delivery; whereas, others produced a higher- cysts ,:,

8 e 10 I0 All ten stillborn than-normal percentage of abortions and abner- ,le:_'rat.:,_,8d 12 Allnormal

_i_ 8 f 14 One died on 35th day; one mal litters, Tile}, must have carried some hidden tim seredied on 40th day; one was damage not visible until the demands of preg- _ki (19_;
:_ blind nancy brought it to the surface, t}_c .-.ev(

:;_ Our present first-generation data (table 1) tt.r:ttozea Individual results of LSD rats described in the last eohlmn
i} :hatth_

of table 7; b.th parents were ottspring of LSD-treated fern:des, indicate that 9.1% of pregnant females treated.... with LSD early in pregnancy aborted or re- v.-..,._giw

the 5% level between the control/control group sorbed their fetuses, 3.6% died during gestation, g¢,_t:dio_

;_. (7:64), control/LSD group (5:175) and LSD/ 14.5% delivered litters containing one or more

i LSD group (16:79). ttowever, inclusion of off- stillborn young, another 14.5% delivered litters 5,,,_ kgspring observed in utero ill rats which died dur- eontainin_ sick or stunted young and 5.4% de- c:tused

i_ ing gestation, as well as of potential offspring livered unusually small litters. Thus, 47% of all
l'c_,,er sit

} (ll/litter) resorbed after conception, eh'mged LSD-treated females had "tbnormal pregnancies The e
_he data considerably. The difference between as compared to 15% of control females. Ob- to survi

:_. the m_mber of surviving control/control off- vious damage among second-generation animals u ere ma
i spring out of an estimated total eonceived reached 11.1% as contrasted to 2.3% among to that:

(57:64) compared to a similar number of LSD/ offspring of control females (table 1). It made torsi of
?_ LSD offspring (63:112) was significant at the essentially no difference whether the LSD was derived

!i

N
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Offspring of LSD/ ! administered s.c. or p.o. Statistical analysis of normalities, as opposed to 32% for pregnancies
r, not significantly _ tile data showed that the probability of obtain- where only one parent was derived from an

ntrol/control par- _ hag these results by accident is minimal (P < LSD-treated mother and to 17% for controls.
.001), whether a mother and litter or the off- The sample was small, however, and the figures

_e four-day preg- spring individually were considered as the unit may have to be modifed as more information is
_.dwith LSD and tested, obtained.
ighteen days later As stated above, we did not interrupt .the We found no particular focus or foci for the

born offspring. It pregnancies after treatment but permitted our toxic activity of LSD. No pattern has emerged
first experiment; rats to come to term. Interruption four days from the gross pathologic examinations of

rats again was after LSD treatment of seven-day pregnant treated animals or their offspring, except possibly
gestation. Again, mice was carried out by Auerbach and Rugow- an increase in vascularity. The numbers of abor-
'ome to term, and ski (1967), who thereupon found 6-fold increase tions, resorptions, runting, stillbirths and off-
.verc encountered, in the number of observed embryo deformities, spring mortality were increased; but no unusual
ry, were striking. These deformities included brain defects such as number of obvious deformities was encountered.

1 of stillborn off- shift and enlargement of midbrain, improper Of course, detailed pathologic and hematologic
in LSD-treated closure of mid-and hindbrain regions, modifica- work may yet reveal changes which we were

ols or in the un- tion of fourth ventricle, abnormalities of the unable to detect.
lower jaw, shifts in position of eyes and modifi- No assay of chromosome damage was at-

tory experiments cation of facial contours. Four strains of mice tempted in our animals. The occurrence of
elopments. Since were examined and large variations in suscepti- chromosome damage in human leukocytes in
aall, we decided bility to LSD were found from strain to strain, vitro in presence of LSD or in vivo after LSD
_ers of animals .Malformation of brain, but also of spinal cord, intake has been reported (Cohen et al., 1967a,b;
exactly tim same liver as well as fetus resorptions, dead fetuses Irwin and Egozcue, 1967; Zellweger eta/., 1967;
lr present data, and runts were observed in fetal hamsters from Egozcue et al., 1968) but could not be repro- _!
._riments, largely mothers injected s.c. with a single dose of LSD duced (Loughman et al., 1967; Bender and Siva
A significant in- on the eighth day of pregnancy and sacrificed Sankar, 1968; Slatis, 1968; Sparkes et al., 1968), :
_ccurred among four days later (Geber, 1967). Similar results and the entire problem awaits resolution. The _
_jected s.c. with were obtained with larger concentrations of the significance of chromosome breakage in circu-
it among those psychotomimetic alkaloid mescaline and with a lating leukocytes, if any, is uncertain (Jarvik i
]n addition, it derivative of LSD, 2-bromo-D-lysergic acid di- and Kato, 1908; Kato and Jarvik, 1969). Re- :
normal second- ethylamide. In our initial experiments, injection cently chromosome damage in gametes of mice
urity and were of LSD prior to the fourth day after copulation, treated with high doses of LSD has been ob-

,n or soon after thus, prior to the implantation of the blasto- served (Skakkebaek et al., 1968). i
iced a higher- cysts in the uterus, produced the described un- It is not possible yet to conclude whether or i
ons and abnor- desirable effects on fetuses, but injection after not there exists a direct relationship between
ed some hidden the seventh day did not. Auerbach and Rugow- the two striking effects of LSD: the psychoto-
nands of preg- ski (1967) also found that injection in mice after mimetic and the teratogenic. Brain deformations i

the seventh day failed to produce any obvious found in mice treated with LSD might be due
lata (table 1) teratogenic effects. Our present data indicate entirely to the fact that the mice were injected i
'creoles treated that there was only small difference when LSD on the seventh day, and this is the stage where
d_orted or re- was given during any of the first seven days of neural structures are first being formed, a stage
Iring gestation, gestation. Dose effect was present. Percentage of uniquely sensitive to induced abnormalities of

one or more abnormal offspring increased with doses from the brain (Auerbach and Rugowski, 1967). Mes- i:
t

elivered litters 5#g/kg to 50 gg/kg. In addition, higher doses caline, like I,SD, produced congenital malforma-
and 5.4% de- caused more resorptions than lower ones and tions (Geber, 1967). The potency of mescaline .
,*s, 47% of all fewer sick offspring, as a teratogen appeared to parallel its potency }
al pregnancies The effect of LSD treatment was transferred as a hallucinogen. On the other hand, 2-bromo- '.

females. 0b- to surviving offspring. When they matured and lysergic acid diethylamide, which has practically ._
_ation animals were mated, they displayed damage very similar no psychotomimetic attributes, caused damage. !

2.3% among to that shown by their LSD-treated mothers. A Both drugs produced damage which was ob- _.
1). It made total of 70% of all pregnancies with both parents served not only in the brain but in viscera as

the LSD was derived from LSD-treated mothers showed ab- well. Investigations begun in 1957 at the New ,
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York State Psychiatric Institute by Roizin and man use of LSD, whether for scientific, therapeu- S___Kr_._
co-workers (Taylor et a/., 1960; Denber et al., tic or hedonistic purposes. O.J.: L

c|_romo_
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the central nervous system. Further work with Director of the Evaluation Program, and Mrs. Science
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provide an answer to this question, tistical analysis of the data. Mr. Richard Gray ton) 16(
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in rats described above is not yet known. Ade- York State Psychiatric Institute.
quate statistics on human LSD consumption and
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