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F_TO. 3. The effect of BOL on the pyretogc,_'le effects ._f LSD ,_nd 5-hydroxyt_yp_phan.

BOL w._s _dmi_iztered 30 minutes prior tc the injections of the pyretogenie :=gents. The
LIC'Lcontrolisrepresented as a broken line.The doscsof drugs used in theseex'perimenLs

were _ follows: I[,rcu[az;d 40 _c_gm/'kgm.; LSD, 100 mieregm/kgm.; 5-HTP 40 mgm/kgm.,

.'_nd BOL, 1.0 rr..gm/kgm. This gr__ph represents the results from or:.e of four similar ex-
periments. Each eu:'ve represents a s.;ng]e ,_nfm_'I.

5HTP by BOL _ a_ not cvmplcte, but a definite reduction is prese_lt as shown
in figure 3. These e×pcrimeats therefore dcmoinstrate that the LSD as well as
the 5HTP pyretogenic actioins arc antagonized by large doses of BOL.

Cross tc,_erance bdwecu LSD cmd..:;HTP. The repeated administration of LSD
over a period of days produces tolerance to the behavioral a_.d pyretogenic
respoinses (Goge"t_ and Dille, I95G). \Vith the development of the tolcrm_ce it
is possible to admini:_ter progressively larger amounts of the drug without produc-
ing death. In order te determine whether a cross tolerance between LSD and
5HTP might oce,ur, rabbits were made Lolerant t.o LSD by the daily injections
of progressivel:; il_creash_g doses of LSD for seven deys. By the scver_.th day a
dose of 2.0 mgm. per kgm. of LSD. could be given to the animals without lethal
effects. When such a dose was given to control animals they promptly showed
the marked hyperthermia and death occurred within 30 to 60 minutes. After
tolermce was established the animals were treated with a dose of iproniazid and

5I-I.,'P which _ormally produced a non-tethaI rise in t.empe,'ature of some 2 to
2.5°0. A comparison of the responses to 5HTP injections between normal and
LSD-tolerant rabbits is seen in figure 4. Whereas the normals show the typical
rise, the L_D-t_terant rabhits exhibited onty a small increase in temperature,
indicating that a cross tolerance phenomenon might be the mechanism of this

inhibited respo_se, increasing the 5HTP doses to normally lethal levels caused
the pyretogenic response to reappear. These responses were nmch less than those

in control animals. The cross tolerance between the LSD and 5HTP "_ppears
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to be specific since the fever producing pyrogens administered to LSD-tolerant

animals showed byperthermia comparable to that shown in control rabbits.
D_scvsslo_. These experiments demonstrate the pyretogenic property of

5HTP. It is presumed that this pyretogenie effect is due to the serotonin formed

from the ir,jected 5HTP. The fact that iproniazid, a potent brain monoamine
oxidase inhibitor greatiy potentiates the pyretogenic response supports this
assumption since serotonin is deaminated by this enzyme. Furthermore the
recent findings of Udenfriend et al. (1957a) indicate that serotonin formation
proceeds at a rapid rate in the brain and other tissues after the administration
of 5HTP. The rate of serotonin formation as found by these authors eorreaponds
well with the onset of the pyretogenie effect.

The studies of the BOL antagonism indicate that the mechanism of the pyre-
togeI_ic actions of LSD nod 5HTP may be similar in nature. We have found that

B0L does not affect pyrogen hyperthermia; it appears thus to have a considerable
specLqcity again.;t the actions of serotonin and other related compounds. The
rece.nt studies of WeI__h a__d McCoy (1957) on the antagonium of LSD a_.d sero-

to_i_ _y _,_ in the _'(__,_8_crcencria he_,mt a/so supports this. The antagonism
which is cxerteii by BOL against both LSD and serotonia appears to be one of

competi*,ive nwture 5":co the admir.istratien of larger doses of the pyretogenic
agent overrides the _iock and produces a temperature rise.

Frcquentiy drugs cf related structure demonstrate a cross toleraP.ce after
prolonged or repeated ad:_ir_istra_ions. This is seen with the barbiturates or
with the me:'pbinedike analgesics as well as with certain sympathomimetic
amines, in ail of these cases the cross tolerance seems to be quite specific for
certain _,truetural characteristics cf the dr,lg molecule. The cross tolerance
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FlO. 4. The el'feet of LSD-toleranee on the pyretogenie effect of 5-hydro×ytryptophan.
Iprc,nir,zid, 40 mgm. per kgm., was given 1_ hours prior to the injections of 25 mgm.

per kgm. of 5HT.'? to control and I,SD-tolerant rabbits. Each curve represents the mean

temperatt_re change of six rabbits. Vertical lines indicate the standard error of the mean
temperature change. Figure_ in brackets indicate the number of animals used in each group.
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observed between LSD and 5HTP is probably of the same sort. It is a specific
phenomenonsinceadministration of pyrogens to LSD-tolerant animals produced
a temperature rise of normal intensity.

The peripheral anti-serotonin actions of LSD earlier led to the hypothesis
that its central nervous system effects might also be attributable to such a
mechanism (Woolley and Shaw, 1954). Later studies by Cerletti and Rothlin

(1955) indicated that this effect of LSD could not be responsible for the psychic
actions in man. They found that BOL, an even more potent serotolfin antag-
onist, did not produce abnormal psychic effects in man, even in large doses.

On the other hand Ginzel and Mayer-Gross (1956) found that by pretreating
subjects with BOL for several days, it was possible to antagonize the LSD
symptoms in man. The additional evidence by Welsh and McCoy (1957) as
well as the present studies in rabbits indicate that rather than acting as a sero-

tonin antagonist, LSD produces symptoms resembling those of high brain
levels of serotonin. While serotonin in lower concentrations produces a sedative
action, in high doses a marked excitation is seen. LSD, on the other hand, in
the rabbit appears to produce excitatory effects at all doses. In several other
species, however, smaller doses of LSD show definite signs of sedation. Only

upon !ncreasing the dose is it possible to produce the excitatory response.

SUMMARY

5-Hydroxytryptophanadministeredtorabbitsproducesapyretogenicresponse
which isroughlyproportionalto the doseadministered.Iproniazidpotentiates

thisresponsemarkedly,indicatingthatserotoninistheagentdirectlyresponsible
for the effect.

Both the LSD and 5HTP pyretogenic effects are greatly attenuated by prior
administration of BOL, the bromine analogue of LSD. This block appears to be
quite specific and is competitive in nature.

After tolerance is developed in rabbits by daily injections of progressively
increasing doses of LSD the usual 5HTP pyretogenic response is greatly di-
minished, presumably due to a cross tolerance phenomenon.

These experiments suggest that the LSD pyretogenic effect is similar to
that produced by high brain levels of serotonin.
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