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Abstract--Several l)-lysergic acid diethylamide (I_SI)) derivatives

includin! z metabolites of LSD in animals liver and Streptomyces such

as I)-lysergic acid ethyl, 2-hydroxyethylamide (I_EO), I)-lysergic acid

ethylamide (LAE), D-norlysergic acid diethylamide (norLSD) and

synthetic N%allyl-D-norlysergic acid diethylamide (a|lyl-norI,SD) were

studied with regard to their hyperthermic effect in rabbits and rats.

In rabbits, the order of the hyperthermic activities was allyl-norLSD >

LSD > LEO, LAE, norLSD, and this order was parallel to that of

5-hydroxytryptamine-like activities of these compounds which was

previously studied, l lowcver, the order was I,AE > I,SI) > norI,SI)

in rats. The hypcrthermic effect of I,SI) in rabbits was attenuated by

inethysergide, but not by atropine when these drugs were intraventric-

ularly administered. These results suggest the possibility that the

metabolites of I,SI) contribute to the hyperthermic effect of I,SD in

rats but not in rabbits, and support the idea that 5-lIT receptors are

involved in the hyperthermia induced by I,SD in rabbits.

Introduction

Since Axelrod et al. (I) have found 2-oxylyser:_ic acid diethylamide to be a
mctabolite of D-lysergic acid diethylamide (I,SI)), several compounds have
been reported to be rnetabolites of LSD (2-4). Recently, D-lysergic acid ethyl-
amide (I,AE) and D-norlysergic acid diethylamide (norLSD) also have been
demonstrated to be metalmliles of I,S1) in animal livcr in vitro (5). In addition.
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VillVI V..'cl'efound to be new metabolites of I,SI) in Streptomyccs by ltayashi
et al. (6). Previnusty we have studied the effects (_f these mctabolites as well

:)) as N_-allyl-l)-norlysergic acid dicthylamide (allyl-norl,Sl)) on 5-hydroxytryp-
tamine receptors in the rat uterus, and suggested that the metaholites of I,SI)

such as I,EO, I,AI'; and no,l,Sl) had lower 5-HT-like activities than LSD, and

ttl (e) that allvl-norl_Sl) had higher 5-HT-like activities than I,SD (7, 8). The present
investi,_ation was undertaken to study the hyperthermic effects of these com-

pounds in rabbits and rats. The relationship between the hyperthermic activities
:,ucs. of these compounds and their 5-HT-like activities is also discussed.

Methods

:ives --

;uch Albino male rabbits and \Vistar male rats were used. The experiments were

acid performed between I I A.M. and 6 P.M. at a room temperature of 22 to 2& C.

and Animals were alh}wed lree access to food and water at all times. Rectal tempera-

vere tures were measured by an electronic thermo,neter (Nihon Kohden, MGA I I I-

"ats. 219), and taken at 15 rain to I hr intervals for periods of 2 to 5 hr. Drugs were

) "_ dissolved with pvrogen-free f) 9 o.. sodium chloride solution.

t of Rabbits: I,SI) derivatives were administered via the marginal ear vein or

was the cerehral vent,'icles. The hyperthermic effects uf the intravenous administra-

.SI) tion of derivatives were studied with rahbits weighing 1.7 to 2.2 kg. The LSD
derivatives were used at a dose of 12.5/,g/kg or 50 #g/kg. 5-hydroxytryptophane

by (5-HTP) was administered intravenously or imraperitoneally at a dose of

ric- 20 mgkg or 30 mg/kg respectively. Pargyline, 50 mg/kg, was subcutaneously
the administered 2 hr before the administration of 5-H'['P.

in The hyperthermic effects of the mtraventricular administration of drugs

are xxe,'t' studied _ith rahbits weighing 2.6 to 3.2 kg. For the injection uf drugs

into the cerebr:d ventricles a polyethylene guide cannula which was cleaned

with pyr_gen-free water was aseptically implanted under pentobarbitone

sotlium anaesthesia into the left lateral ventricles accurding to the following

coordinates from the atlas of Sawyer et al. (9): A 1.0, I, 2.5, H 5.0, and was

permanently atiixed to the skull by Aron Alpha (Toa Gosei Chem. LTD) and
a dental cement. The guide cannula was occluded with a stainless-steel stvlet.

,e a :\t least 1 week was allowed for surgical recovery. The guide cannula was

ave washed with p3rogen-frce saline tt_c day prior to the injections of drugs. The
_vl- injections of drugs were made in a volume of 0.05 to 0.1 ml. MethyserRide

con 100 #g, phenoxybenzamine 200 /,g or atropine 400t*g was injected into the

on, lateral ventricles an hour prior to the injection of LSI), epinephrine or saline.
The rise in the rectal temperature was measured 30 rain after the administration

of of _he pyretoffenic agents or saline. The data were analyzed for statistical

si,_nificance by the Student's t-test.



316 H. HASHIMOTO, M. I]AYASHI, Y. NAKAHARA, T. NI_rAGUCIII AND I-{. lSnlI

Rats: Wistar male rats weighing 250 to 300 g were employed. Drugs were

intraperitoneaIly administered.

Drugs: The following drugs wcrc employed: I)-lyscrgic acid dicthvlamidc

tartrate (Sandoz), 5-hydroxy-DL-tryptophane (Nakarai Chem.), pargyline

hydrochloride (Nakarai Chem.), I-epinephrine d-bitartrate (Nakarai Chena.),
atropine sulfate (Nakarai Chem.), phenoxybenzamine hydrochloride (Nakarai

(;hem.). The derivatives of LSD such as D-lysergic acid cthylamide tartrate

(LAE), D-lysergic acid cthyl, 2'-hydroxyethylamidc tartrate (I,F,O) and X';-

allyl-D-norlysergic acid diethylamide tartrate (allyl-norLSl)), were prepared

as rcported previously (6, 10, II). The doses of drugs are represented as salts.

Results

1. Effects of intravenous administrations of LSI) derivatives in rabbits

I,SI), 50/*glkg, produced a prolonged rise in the rectal tcmperaturt" within

half an hour after the administration, as shown in l:i_:. I. I.AF, 50/_/kg, also

-- Saline (6)

+2.0 • • LSD 50pg/Kg (5)

.E _. '_ -^ LAE 50pg/Kg (5)

_ +1.0 .... NorLSD 501ag/Kg (5}

u_ o
0 1 2 3 4 5

Time in hours

Fro. 1

The hyperthermic effect of intravenous injections of I,SI) and its metabolites in rabbits.

Drugs were injected at zero time. The vertical bars indicate the standard deviations.

Numbers in parentheses indicate the mlmbers of animals used.

- showed pyretogenic effects. The maximum rise of the rectal temperature by
LAE was observed at half an hour after the administration, and the effect of

I.,AE subsided faster than the effect ,ff LSI). Norl,Sl), 50 /tg"kg, showed

remarkable pyretogenic effects and the time course of the effect of norLSl) was

similar to that of I,SD. LSI), 12.5 iLg/kg, also showed pyretogenic effects,

whereas the same dose of [,AE or nml,Sl) showed m_ly slight effects (Table I).
The pyreto_;enic effect of 50 t_g/kg LEO was slightly less than that of I,SD. A

N_;-substituted derivative, allyl-norl,SD, 50/tg/k_, slmwed the most remarkable

hypcrthermia am,nR the derivatives tested.

2. Effects of intraventricular injections of LSD derivatives in rabbits

As shown in Fig. 2, physiological saline 0. I ml did not produce any si_:niiicant

_ i ................. !.................................... ll_.................................................. j............................ L .......
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ide glaximum rise in the rectal temperature by I.NI) (terivtJtives in rabbits

{I/C

1.), Dose

irai Compounds

atc 12.5 /tg/kg 50/,g/Icg

6 _ ...................... i ...........................

cd I.SD 1.35! 0.35 1.77 0.22

is. (4) (5)

IA.R) 1.24 ]- 0.21

LAE 0.50 ! 0.22 1.16_+0.26
- (4) (;)

........................................... i

tin NorI,Sl) 0.58 i 0.17 1.20 t: 0.19

st) (4) (5)

Allyl-norl,Sl) 3.36 ! 0.83

(6)

) Values art + mr'arts [ S.I).

I NI_III_I)el's in parentheses indicate the numbers of animals used•

5)

change in the rectal temperature. The intraventricular injection of LSD, 5/*g,
produced marked hyperthermia. The effect of the same dose of LAE or LEO
_YilS Vt!EV small.

o- _o Saline (8)

s. o _--_ LSD 51Jg(5)

-_ z +2.0 e--e LAE 51Jg(4)

.=- _ n_u LEO 51Jg(4)

_f _ - /

d o "G 0

).
• L [ __.L --1 I

k "0 1 2 3 4
e Time in hours

Fro. 2

The effect of intraventricuhlr injections of LSI) and its derivatives on the rectal

t temperature in rabbits. For further details see Fig. I.
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3. Effect of the intravenous or tile intrapcritoneal injection of 5-HTP in
rabbits

5-HTP, 20 mR/k_, did not produce any significant change in the rectal tem-

perature normal rabbits. In rabbits pretreated with pargyline, the i.v. injection

of 5-HTP, 20 mg/k R, produced hypothermia in 4 out of 6 animals tested, and

in the other 2 animals it produced hyperthermia (FIR:. 3A). The effect of i.p.

injections of 5-HTP, 30 mg/k_z, was tested in rabbits pretreated x_ith pargyline

(FIR. 3B). In rabbit A, 5-HTP produced hyperthermia, and in rabbit B it

produced initially no change and then hypcrthermia. In rabbit C, 5-HTP

initially produced hypothermia and then hypcrthermia about 3 hr after the
5-HTP injection.

;+aot A

,E _ I (died) "
+2o .f 5HTP 20 mg/'Kgg " c( _'_ i.v. injection

=- i 1 / i i
0 1 2 3 4 5

Time in hours

B
•- o. ! 5-HTP 30mg/Kg

_ L °--'-_'_'/_"_ - i.p.injection
t-- m !

- 1.0 i I _ i I i

0 1 2 3 4 5

Time in hours

I'm. 3

The effect of 5-11TP on the rectal temperature in rabbits. ParRyline 50 mg/kg was

adcninistered 2 hr before the injection of 5-1VI'P. A: eft'cot of the intravenous injection

of 5-ItTP 20 m_z/kg. 11: elIk, ct of the intraperitoneal injection of 5-11TP 30 In_z,k_z. For

further details see I:i/z. and text.

4. Effects of tile intravcntri('uhlr injections .f mcthyscrgidc, phcnoxy-

bcnzamine and atropine on the t,yperthermic effect of LSD in rabbits

Methyscrgide, 100/xg, siI_nificantly attenuated the hyperthernfic effect of
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Effects of the intraveutricular injections q[ phenoxybenzamilw, methysergide and atropim"

on the Io,perther_nic _ffect of LSD in rabbits
[l

,t

_. l)rut.;s N I Risein rtct,dtemperature

t .............................. (mean i _.l).)
[:.pinephrine 150 _*_ 4 / I 5 _ 0.29
PP, A 200tag _ Saline 6 L 0.15 i 0.28

: PBA 200_-g _ l,]pinephrme 150t*g 5 0.12 ! 0.30**

LSI) 5 t*g 5 0.88 4 0.26

I'll.\ 200t_z i I,SI) 5 /_g 6 0.53 i 0.15"

Meth.vsergide 100_g i Saline 4 0.05 i 0.29

Methysergide 100 t_g ! I,SD 5 t_g 4 0.33 i 0.10"*

Atropine 400 t*g -_ Saline 3 0.07 i 0.15

Atropine 400 t_g ! I,SI) 5 r'g 4 0.78 :! 0.30

PBA: Phenoxybenzamine. - --1N: number of animals used. - Rises in rectal temperature

_ere measured 30 rain after the i_dection of epinephrine, I,SI) or saline.--- ** P , 0.01.

-- * P .... 0.05 compared to tl_e response in the absence of phenoxybenzamine or

mct|_ysergide.

LS1) (Table II). l>hen¢_xybcnzamine, 200/zg, which completely abolished the

hyperthermic effect of epinephrine, 150 /zg, significantly attenuated the effect

of LSD. Although atropine, 400 Fg, alone produced a fall in the rectal tempera-

rare uf 0.2" C to 1.4 _, C, it did not attenuate the effect of I.,SD.

5. Effects t)f LfSD and its derivatives on the rectal temperature in rats

Results arc shown in Fig. 4. The intraperitoneal injection of LSI), I mg/kg,

produced a significant rise in the rectal temperature within 15 rain. The same

° !
_+201 ,-- Saline (9)

.E mn '_ "--" LSD Img/Kg 15)

o E+_.o \,, ,-,--_.I_AE _r_g/Kg (a)
_ '.... NorLSD 1 mg/K 9 (4)¢-- 1_

Time in hours

Fro. 4

"['he effect of intraperitoneal injections of I,SI) and its metabolites on the rectal

temperature in rats. l'or further details see Fig. I.
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dose of LAE showed the most remarkable pyrotogenic effect. NorLSD, 1 mg/kg,
did not produce any pyretogenie action.

Discussion

The present study shows that the metabolites of LSD produced hyperthermic

effects in rabbits and rats. In rabbits, 12.5 /zg/kg of LSI) produced marked

hyperthermia, whereas the same dose of LAE or norLSD produced only slight
hypcrthermia (Tahle I). In addition, the hyperthermic effect of I,AE subsided

rather rapidly. Therefore, it is unlikely that the metabolites contribute to the

hyperthermic effects of LSD in rabbits. On the other hand, LAI '] produced a

more marked hyperthermia than LSD in rats (Fig. 4), suggesti_l.tr lhe possibility
that LAE contributes to a certain extent to the hyperthermia induced by I,SD
in rats.

As shown in Fig. I and Table 1, when injected intravcnoush, in rabbits, the

pyreto_enic activity of allyl-norl,S1) was high, and the activity ,ff 1,1';O, I,AI';

or norLSD was low. Because the hyperthermic activity of LAE or LEO was

lower than that of LSD when these drugs were injected intraventricularlv

(Fig. 2), it is unlikely that these metabolites could not penetrate through the

blood-brain barrier resulting in a low hyperthermic activity. Previously we
have studied 5-HT-like activities of LSD derivatives in the rat uterus, and

found that the order of the 5-HT-like activities was allyl-norLSD > LSD > LAE,

LEO, norLSD (7, 8). Therefore, the hyperthermic activities of these compounds

in rabbits were parallel to their 5-liT-like activities. These facts support the

idea that the hyperthcrrnic actions of LSD and its derivatives are 5-HT-like

(12-15). However, 5-HTP produced not only hyperthcrmia but also hypothermia

in rabbits (Fig. 3). Dual effects of 5-HT also have been shown (16, 17). It has

been reported that 5-HT- and 5-[l'FP-induced hyperthermia were inhibited

by antiserotonin drugs (12, 16, 17), indicating the involvement of 5-IqT receptors

in hyperthermia induced by 5-HT and 5-HTP.
Hypcrthermia induced by LSD has been reported to be affected bv many

dru_s (12, 18 20). However, it must be considered that those drugs show

peripheral effects beside the central effects, when drugs were peripherally

administered. In the intraventricular injection study (Table 11), the hyper-
thermic effect of LSI) in rabbits was attenuated by methysergide, but not by

atropine. It has been shown that the i.v. injection of antiserotonin drugs attenuat-
ed hyperthermia induced by L_I) (12 14). These facts suggest that 5-HT

receptors in the central nervous system arc involved in LSl)-induced hyper-

thermia in rabbits. Phenoxybenzamine which inhibited the hyperthermic effect

of epinephrine also showed tendency lo attenuate the effect of |,,ql) ('l'ablc |l).

According to Elder et al. (20) the i.v. injection of phenoxybenzamine attenuated

the LSD-induced hyperthermia. However, it is uncertain that adrenergic
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_g kg, receptors are involved in I,Sl)-induced hyperthermia, because a-methyl-p-

tvrosine did m_t attenuate the ell'cut of I,Sl) (13).

Contrary m rabbits, hyperthermic activities of LSD derivatives in rats were

not parallel to 5-HT-likc activities of these compounds. ThercltJre, the involve-

mcnt _f 5-1l'1' receptors in l,Sl)-induced hyperthcrmia is d_mbtful in rats.
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