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The endocrine effects of chronic D-lysergic acid diethylamide (LSD) administration to pre-
pubertal animals were studied by injecting intraperitoneally three times a week for a month
either 100 /_g or 500 pg of the psychoactive drug per kilogram or the vehicle to groups of
Sprague-Dawley male rats startingat 21days of age. Animals injected with either dosage of LSD
had smallerbody weights than controls and tail length was significantly reduced in the high dosage
group, plasma levels of growth hormone (GH) were decreased in the high dosage group, and
pituitary levels in the low dosage group. Plasma levels and pituitary concentrations of luteinizing
hormone and follicle stimulating hormone were not signiftc_tly modified by the drug. The low
dosage of LSD decreased the brain levels of noradrenaline and increased those of dopamine,
while the high dosage decreased those of 5-hydroxyindoleacetic acid. These data suggest that
LSD, when administered chronically to developing animals, can inhibit body growth probably by
altering the secretion of GH through modifications of its neuroendocriue control.
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Les effets endocriniens de I'administration chronique d'acide D-lysergique diethylamide
(LSD) h des animaux pr_pub_res furent_tudi_s en injectant parvole intral_riton_ale trois fois par
semaine pendant un mois 100 ou 500/_g de la drogue par kilogramme ou son v_hicule _ des
groupes de rats miles Sprague-Dawley _ partirdu 21°jour de vie. Les animaux inject_s avec du

,,, LSD avaient des poids corporels plus petits que ceux des contr61es, et la Iongueur de la queue
_tait r_duite chez les rats ayant refu la dose _lev6e. Les niveaux plasmatiques d'hormone de
croissance (GH) 6talent abaiss_s dans ie groupe ayant refu la dose forte et les niveaux

( hypophysaires dans celui ayant refu la dose faible. Les niveaux plasmatiques et hypophysaires
d'hormoue lut_inisante et folliculo-stimulante ne furent pas modif_s de fafon significative par le
LSD. La dose faible de la drogue abaissa les taux c_r_braux de noradr_naline et entraina une
augmentation des taux de dopamine, et ceux de I'acide 5-hydroxyindoleac_tique furent abaiss_s
par ladose forte. Ces r_sultats sugg_:rentque le LSD, Iorsqu'il est administr6 de fafon chronique
des animaux en voie de d_veloppement, peut inhiher la croissance corporelle en alt_rant proba-
blement les m_canismes neuroendocriniens r_gulateurs de la s_c_tion du GH.

Inlroduction see: Leonard 1972). It is well known, on the

Several reports have indicated that the other hand, that the biogenic amines are in-

acute or chronic administration of LSD 2 _O volved in the control of the secretion of several
animals can modify the concentration and/or anterior pituitary hormones (for a review see:
the turnover of some of the biogenic amines Collu et al. 1973a). It is surprising therefore
of the central nervous system (for a review that no reports have appeared to our knowl-

edge on the endocrine effects of the chronic
_This work was supported by a Medical Research administration of this psychoactive drug. The

Council of Canada grant MA 4691, and by a grant present work was undertaken to study the en-
of the Directorate for Non-Medical Utilization of docrine effects of long term administration ofDrugs of Health and Welfare Canada, Ottawa,
Canada. LSD to prepubertal male rats.

rI'he following abbreviations are used: LSD, _-

lysergic acid diethylamide; GH, growth hormone; Mlflerial$ and Melhods
LH, luteinizing hormone; FSH, follicle stimulating
hormone; NA, noradrenaline; DA, dopamine; 5-HIAA, Experiment !
5-hydroxyindoleacetic acid; 5-HT, serotonin; A'-THC, Groups of 21-day-old male Sprague--Dawley rats
_'-tetrahydrocannabinol. were injected intraperitoneaily three times a week for
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TABLEI. Body weight, tail length, and endocrine organ weights of male rats injected intraperitoneally three times a
week for a month with LSD or vehicle (treatment started at 21 days of age)

Seminal
Body wt. Pituitary Brain Adrenals Prostate vesicles Testes

(b.w.), Tail,
Group a g cm rag/100 g b.w.

LSD, 100_g/kg (i0) 219+7 _,c 18.2+0.2 2.8_.+0.1 607_+17 16.1_+0.6 90_+1 102_+6 1086+34
Vehicle (10) 239+6 18.0-+0.2 3.0+0.1 554_+23 16.1+0.6 84+6 94+7 1021-+46
LSD, 500tLg/kg (10) 212+4 e 15.8+0.2 _ 3.0-+0.1 604_+19 16.4_+1.4 87+5 90-+3 1050+20
Vehicle (10) 228+5 16.9+0.2 3.0+__0.1 582+_14 15.1_+0.4 89+5 91_+5 1090+2tl

•Number of rats in parentheses.
bValues are means + SE.
ep < 0.05 versus vehicle.
dp < 0.01 _ersus vehicle.

a month with either 100 /_g of LSD 2 per kilogram some modifications. The amount of LSD was in-
or with saline (I ml/kg). An intermittent schedule creased to 500 /tg/kg. This was done because high
of administration was chosen to prevent the devel- doses have been reported to produce biochemical
opment of tolerance. LSD was obtained from Health changes different from those obtained with lower
and Welfare Canada, Ottawa, Canada. The animals doses ('Peters 1974). Brain levels of 5-HIAA were
had free access to water and rat pellets, but the also measured in the same brain sample, in addition
amount of food ingested was recorded daily. The to those of 5-HT, NA, and DA, by the method of
housing quarters had a constant temperature of 22 Miller et al. (1970), to obtain some information on
°C and a light-dark cycle of 14-10 h starting at the turnover of 5-HT.
0500 hours. At the end of the experiment the rats
were sacrificed by decapitation between 1000 and StatisticalAnalysis
1200 hours to avoid variability due to the diurnal Statistical evaluation of the data was made with the
fluctuations of plasma GH levels (Collu et al. 1973b). Student t test.
Rats were decapitated 30-45 rain after the last in-
jection since peak changes in monoamine levels are Results

reported to occur at that moment. Handling of the No grossly evident behavioral modificationsanimals was limited to a minimum, and decapita-
tions were performed in a room _parate from living followed the administration of either dosage of
quarters within 2 rain after removal from the cages. LSD." Food intake remained unchanged in the

Body weight, tail length, and the weights of brain, low dosage group, but was slightly reduced in
anterior pituitary, adrenals, testes, prostate, and the high dosage group (controls, 15 g per ratseminal vesicles were recorded. Trunk blood was
collected in heparinized tubes. Plasma were then per day; LSD, 13 g per rat per day). The
separated and stored at -20 °C until determination effects on body weight, tail length, and organ
of GH levels by the radioimmunoassay method of weights are shown in Table 1. Both LSD

Schalch and Reichlin (1966), LH levels by the radio- dosages significantly reduced body weight, but
immunoassay method of Niswender et al. (196g) with
NIAMD-Rat-LH-RPI '_ as standard preparation, and only the high dosage significantly reduced tail
FSH levels by the radioimmunoassay method of Parlow length. Organ weights, expressed as percentage
et aL (1969) with NIAMD-Rat-FSH-RPI as standard of body weight, were not modified by the drug
preparation. Anterior piluitaries were homogenized :lllhough Ihe absolute weight of some organs
in 5 ml of saline, and the supernatant kept at --20 "C
until determination of GH, LH, and FSH levels. All was reduced in the high dosage group. As
hormone determinations were performed in single shown in Fig. I, plasma levels of GH were
batches. The brains were stored at --20 °C for no significantly depressed by the high dosage.
more than 2 weeks unlil delerminalion of Ihe levels Pituitary GH content and eoncentralion were

of 5-HT, NA, and I)A. This was performed in Ihe signifie,'mtly reduced by the low dosagc. This
same sample, after extraction in acidified butanol
by the method of Ansell and Beeson (1967) for NA could indicate an inhibition of GH secretion by
and DA. Fluorescence values were read in an Aminco-- the low dosage and of GH synthesis by the
Bowman spectrophotofluorometer, high dosage. Plasma levels bf LH were not

Experiment 2 modified by LSD, as shown in Fig. 2. Pituitary
In this experiment, which was performed 2 months content, but not conccntralion, was reduced by

later, Ihe prolo¢ol o1"expcrinlent I was followed wilh the low thlsilge. [)lasnl;.I illld piluilary levels of

"NIAMD, National Institute of Arthritis, Melab- FSH were not modified by the drug, as shown
olism and Digestive Diseases. in Fig. 3. The effects of LSD on the brain Icvels
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TABLE.2. Brain content of 5-HIAA, 5-HT, NA, and DA in male rats injected
intraperitoneallythreetimes a week for a month with LSD or vehicle (treatment |

started at 21 days of age)

5-HIAA 5-HT NA DA

Group a ng/g

LSD, 100/.tg/kg (10) -- 658+132 b 412_+24 c 1641+71"
Vehicle (10) -- 652 + 62 505 +_18 1264 + 52
LSD, 500t_g/kg (10) 418+16 _ 652+21 387_+6 1011_+31
Vehicle (10) 528_+35 590_+21 395+9 976_+33

•Number of rats in parentheses.
bValues are means + SE.
_P < 0.01 versus vehicle.
dp < 0.001 versus vehicle.
•P < 0.02 versus vehicle,

. 3oo] L - candy inhibited body growth. This inhibitory

Lh,E _ zoo- effect does not seem to be mediated throughdecreased food intake, since the latter was not
too- modifiedby the low dosageof LSD and wasK

o only slightlyreducedby the high dosage.The
observeddecreasein plasmaor pituitarylevels

!! 4°°1200 _ i, [_°° _ °fGHsuggests,°nthec°ntrary, am°respeci-50

i _ fie mechanism of action, namely, inhibition of

1 _" , _ [ _ the synthesis and/or release of GH. In con-
_ o_ I liL_h" o _ trast to what has been observed with A_'-THC,

kSD (_g/kg) JO0 500 I00 500

the active principle of marihuana (Collu et al.
Fro. l. Effect of chronic intraperitoneal injec- 1975), LSD exerted no significant effects ontions of LSD on plasma and pituitary levels of GH.

II, vehicle; l, LSD; *, P < 0.02; **, P < 0.001. gonadotropin levels. Although some reproduc-
tive organs had smaller absolute weights in the

2o- high dosage experimentalgroup, when ex-
_ ] _t, pressed as percentage of body weight they

E- _o-_ were not significantly different from those ofa- controls.This indicatesthat the effect was
o

_ probably due to the inhibitory action of LSD
._2oo_ i _4o 2 on total body growth. Several reports have
= ,= • , _ g appeared on the effect of LSD on the biogenic

_0_ too _I _ _ zo,=_ amines of the central nervous system (Leonard

LSD (_tg/ko) I00 SO0 I00 SO0

- FIG, 2. Effect of chronic intraperitoneal injections _ 6°°1 i_ ._'!
of LSD on plasma and pituitary levels of LH. II, _ 400-Lt[vehicle; If1, LSD; *, P < 0.001. ,,

_. 200-

of biogenic amines are shown in Table 2. The o
low dosage significantly reduced NA and sig- _

nificantlyincreased DA'whilethe°nly effect _ Z°°l _ [ _ f "° _ofthehighdosagewasasignificantreduction 8-_ ,oo1 _ _] zo_*_.
of 5-HIAA levels. _ o- o s

LSD (Ug/kg I I00 500 100 500
Discussion

Fro. 3. Effect of chronic intraperitoneal injections
The chronic administration of LSD 2 at two of LSD on plasma and pituitary levels of FSH. It,

dose levels to prepubertal male rats signifi- vehicle; i, LSD.
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1972; Leonard and Tonge 1969; Peters 1974). the radioimmunoassay of rat LH. The skillful tech-
These effects appear to be dose and time de- nical assistance of Mrs. H. Guillet is gratefully

acknowledged.pendent, and the present results, which show a
decrease in NA and an increase in DA at low

dosage and a decrease in 5-HIAA at high ANSEI,L, G. B., and BEESON, M. F. 1967. A rapid and
dosage, are in general accord with the litera- sensitive procedure for the combinedassay ofnorad-
lure. These results suggest that LSD may renaline, dopamine, and serotonin in a single brain

exert its actions by decreasing the turnover of sample. Anal. Biochem.23, 196-206.
Col.l tJ, R., FRAS('HINI, F., and MARTINI, I_. 19736. Role

5-HT and modifying the brain levels of cate- of indoleaminesand catecholamines in the control of
cholamines. It should be pointed out that al- gonadotrophin and growth hormone secretion. In
though LSD is excreted rapidly in rodents, its Progress in brain research. Vol. 39. Edited by E. Zim-

repeated administration can induce changes mermann, W. H. Gispen. B. H. Marks. and D. De

in monoamine turnover that persist for a longer Wied. Elsevier, Amsterdam. pp. 289-299.CoHu, R.. FRAS('HINt, F., VtscoNrl, P., and M_.RTINI,
period of time (Peters 1974). No explanation L. 1972. Adrenergic and serotoninergic control of
can be offered for the differences observed growth hormone secretion in adult male rats. Endo-

between the effects on biogenic amines obtained crinology, 90, 1231-1237.
with a relatively low dose and those obtained Colin, R., JEOUIER,J.-C., LETARTE,J., LEBtEUF,G,,and DUCHARME, J. R. 1973b. Diurnal variations of

with a high dose; however, this has already plasma growth hormone and brain monoamines in
been reported (Peters 1974). Interestingly adult male rats. Can. J. Physiol. Pharmacol. 51,

enough, different effects on plasma and pitui- 890-892.
tary GH levels were also observed with the --1973(.. Effectof stressand hypothalamicdeafferen-lalion on the secretion of growth hormone in the rat.
two doses, as previously noted. Since we have Neuroendocrinology, !!, 183-190.
reported that the secretion of GH in the rat is 1974.Endocrineeffects ofbrain serotonindepletion
under a dual, mutually antagonistic control by 5,6-dihydroxytryptamine in prepubertal male rats.
system, serotoninergic stimulatory, and dop- Neuroendocrinology, 14. 139-150.
aminergic inhibitory (Collu et al. 1972), the Cott u, R., LE'rARTE.J., LEBIEUF,G., andI)U('ItARMF.,J.R. 1975. Endocrine effects of chronic administration
inhibitory effect of LSD on growth and GH of psychoactive drugs to prepubertal male rats. I:
could thus be due to a modification of this sys- A_-tetrahydrocannabinol.Life Sci. 16,533-542.
tem. A recent paper by us (Collu et al. 1974) Lt.',oNt,_u_,B. E. 1972.Hallucinogenic drugs and centraltransmitter substances. Int. J. Neurosci. 4, 35-43.

shows that selective degeneration of brain sero- LEONARD, B. E,, and TONGE, S. R, 1969. The effects of

toninergic nerve terminals by 5,6-dihydroxy- some hallucinogenic drugs upon the metabolism of

tryptamine in prepubertal male rats also in- noradren:_line.LifeSci. 8, (Part l), 815-825.
duced growth retardation and decreased pitui- MIt KI-R, F. P., Cox, R. H., JR., SN()DGRASS, W. R., and

MAI('KH., R. P. 1970. Comparative efl_cts of

tary GH content. However, further studies are p-chlorophenylalanine, p-chloroamphetamine and
needed to verify whether LSD-induced changes p-chloro-N-methylamphetamine on rat brain nor-
in biogenic amine metabolism occur in brain epinephrine, serotonin and 5-hydroxyindole-3-
regions such as hypothalamus, amygdala, and acetic acid. Biochem. Pharmacol. 19,435--442.
hippocampus, which are known to be able to N_SWENDER,G. D., M_OGLEY,A. R.,Ja.,MoNROE, S.E.,and REICHERT, L. E. 1968. Radioimmunoassay for rat
control the secretion of GH, Finally, it is well luteinizing hormone with antiovine I H serum and
known that plasma levels of GH are readily ovine LH-_'I. Proc. Soc. Exp. Biol. Med. 128,
depressed by stress in the rat (Schalch and 807-8ll.
Reichlin 1966; Collu et al. 1973c); it is there- PARLOW,A. F.,DAANE,T.A.,andScHALLY.A.W. 1969.

Quantitative, differential measurement of rat ,serum
fore possible that the effects of LSD are due FSH, LH and hypothalamic FSH-RH and LH-RH
to non-specific chronic stress, Although plasma with specificradioimmunoassays, Progressofthe 51st
levels of corticosterone have not been mea- Meeting of the Endocrine Society. Vol. 88. p. 83.

sured, the unmodified weights of the adrenal (Abstr,).I_EH-;RS, D. A. V, 1974. Comparison of the chronic and
glands do not support this hypothesis, acute effects of D-lysergic acid diethylamide (LSD)

treatment on rat brain serotonin and norepinephrine.
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