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Previous findings have led us to i_,stulate amine ,,xidase inhibit,w, ipr,,niazid, the ani-
that the sedative and paras.vnll,athonfimetic reals, instead of showin_ sedative and para-
effects of re_rpine are mediated through set.- s.vmpathomimetic responses typical of reser-
tonin, and that serotonin may be a chemical pine. display instead the excitatory and sym-
transmitter in the parasympathetic division pathon_imetic effects typical of lyser.,zic acid
of the central autonomic nervous system(1.2), diethylamide (LSD). Furthermore. the con-
These concepts are based in part ,m the find- centration of serotonin in brain, which de-
ings that both serotonin and reserpine induce clines rapidly after the administration of re-
sedative effects in mice and pt,tentiate by a serpine ahme. now remains at its normal level.
central mechanism the action of certain hyl,- Jlcthods. Male albino rabbits were _iven
notics, the potentiation by either substance various drugs intravenously and were killed
bein_ antagonized by pretreatment with h'- by intravenous injection of air one hour after
sergic acid diethylamide (I.Sl)): and that administration of the last drug. Serotonin in
the prolonged effects of reserpine are asso- brain was assayed by the fluorometric pro-
ciated with a persistent impairment ,,f the cedure described by Bogdanski ct al.(31.
capacity of the body to maintain serotonin Results. Five rabbits given reserpine {5
in the bound form which normally protects nag k_) demonstrated typical responses to
the amine from the action of the active en- the drug including deep sedation and para-
zyme. monoamine oxidase. As a consequence, sympathomimetic effects including miosis and
serotonin is liberated and rapidly metabolized, relaxation of nictitating membrane. Five ani-
but as the enzyme in brain resl_,nsible for reals pretreated with 100 mg kg of iproniazid
formation of serotonin remains tmiml,aired, and 2 hours later given 5 mg kg of reserpine
the p,,ssibi]ity has been c,,nsidered that reset- showed no parasympathomimetic effects, but
pine administration results in a persistent rather displayed gross excitation, mydriasis.
flow nf serotonin from cells which have lost ex_,phthalmus, piloerection, and other sympa-
part of their capacity for storing the indole, thomimetic effects. Animals given iproniazid
The total level of serotonin is low, as would ahme, displayed no obvious signs.

be expected because fret. ser,,tonin is rapidly It seemed possible that the s.vntpathonfi-
metabolized 1,3' m,,n,,amine ,,xidase. but the metic effects observed following the adminis-
free amine might stimulate the central i,ara- tration of reserpine to iproniazid-treated rab-
sympathetic centers, thus producin_z the signs bits were caused I,.v the drug combination
typical of reserpine, rather than I,y serotonin which had been re-

The [,resent paper describes studies which leased I,y reserpine and protected by ipron-
demonstrate that when reserpine is adminis- iazid from the action of monoamine oxidase.
tered t,, rabl,its pretreated with the m,mo- This I.,ssibility was investigated with another

* Pru_.cntt.din I,art [,[.fort.the ..%n]t'ricanSoc. Ior series of 5 rabbits in which the order of drug
Pharmac,d.and Exp. Thcrap. h,_a ('it_. Sept. UU,Y,. administration was reversed: that ts. the ani-
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TAIU,I" I. Effect of Iproniazid out t'oneentrathm The effects of reserpine and chh)rproma-
of ._erotonin ill |lrttills of Nornu|l and Rt,serpine- zine were al_ determined in 6 animals grossly

Treated Animals.

Rabbits '_'_'t,rt'I_i'*'t'ltreser|siue (5 Illg/kg_ iltll'lt%', excited I)y administration of iproniazid fol-
Iproniazid (100 Ing/kg') wits lldmltt, il|lrltv. 2 hr lowed by reserpine. Administration to 3 of
hefore or after rem, rlfine. Aninmh_ were mn.rith.ed
one hr after adnfin, of the last drug. Each value these animals of another dose of 5 mg/kIz of

represents It single animal, reserpine failed to rever_ the excitation. On

I)rugs adlnin. Brain serotonin, pg/g Effec! the other hand, when 5 mg kg of chlorpro-
ot'taz_ne was g|ven to the other 3 animals they

- _ • {o
g,),,, .,)1, ..)3..t., .54, .55 I)ecame rapidly sedated.
1proniazid .60, .67, .63, "'_ N.m, The actions of the 2 tranquilizing agents
Reserpiue ,oS, ,1 °, ,10, .12, .0g ,qedat i.n

1proniazid fol- .40, .44, .7:2, ._6, .53 Excihqnent were also compared in rabbits with an excess
lowed by re- Of free serotonin in the brain produced by the
set.pine intravenous administration of 100 ms/ks of

Reserpine fol- .1_,.16,.10,.11,.06 Sedation 5-hvdroxvtrvptophan. As shown by Bos-h>wedby " " "
il,roniazi d danski ct al., this compound rapidly pene-

trates brain where it is decarboxylated to
form serotonin, and, after large doses, induces

reals were given reserpine followed 2 hours excitement and sympathomimetic effects dur-
later by iproniazid. All of these animals were ing the period that serotonin is being formed.
sedated and showed parasympathomimetic Administration of 5 mg kg of reserpine to
signs associated with reserpine administration. rabbits pretreated with 5-hydroxytr.vptophan

In Table I are compared the _rotonin failed to reverse the excitation or the sympa-
levels in brains of normal animals and of an|- thomimetic effects but these signs were

mals given the various drugs. The serotonin quickly reversed by chlorpromazine.
level in whole brains of animals given reset- l)iscussion. Administration of reserpine to
pine alone declined from about 0.55 to about rabbits pretreated with iproniazid, an in-
0.1 /Lg g of tissue. Iproniazid alone had only hibitor of serotonin metabolism, cauls ex-

a slight effect on the concentration of sero- citatory aml sympathomimetic effects typical
tonin in the time period of these experiments, of LSI). rather than sedation and parasympa-
Brains of animals given iproniazid followed thetic I_redominance seen when reserpine is
by reserpine showed about the same concen- given ahme. Furthermore. reserpine in the
tration of serotonin as did those of normals.

presence of iproniazid does not cause the pre-
On the other hand, animals in which reserpine cipitous decline in brain serotonin level seen
was given 2 hours before ipruniazid showed a after adnlinistration of reserpine alone. The
marked decline in brain serotonin, reversal of the effects of reserpine is not due

The pharmacologic effects obtained when simply to the combination of drugs, for
reserpine was administered in the presence IIf changing the order of administration results

iproniazid were compared with the effects in the usual pharmacologic effects of reserpine
that followed administration of 0.1 to 0.2 m_ and the usual decline in brain serotonin.

k_z of LSD which has heen shown to have n- Fxcitation and other LSD-like resl>onses
serotonin-releasing activity(4). Five animals can also I)e induced in animals by the admin-
given the hallucinogenic comlmund exhibited istration of high doses of 5-hydroxytrYi_to-
sympathomimetic resl_mses including excita- phan. which enters the brain and is there de-

tion. mydriasis, exophthalmus, and pihwrec- carboxylated to form consMerable amounts of

tion that could not he distinguished from th.sc serotonin. The effects of 5-hydroxytrypto-
observed following administration of reset- phan have Iwen shown to be esla'ciall.v pro-
pine to animals pretreated with iproniazid, nmmced when the destrtnction of serotonin

The effects induced by LSi) could be .vet- has la'en Idocked by iprtmiazid. Thtl,_. it
come by the administration of either chlor- is possible that the bizarre effects of the

promazine (5 m_'kg) or reserlfine (5 m_ comhinlati,m ,ifiprtufiazid and reserpine ;ire
k_). due Io serotonin which has been changed by
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rese1lfine ft'om a bound to ;I free forlu but zhu' l)r,.hices its l)harmacoh)_,h: effects l)y di-
which is uow p,otected from de_r;,d:dhm by rect blockade of central syml)athetic ten-
the presence of ilu'_miazid, ters.

It would appear that the lls|l.'ll I_ar:ls.vml)a- Summurv. I. Administration of reserlfine
thomimetic effects of reserpiue are ass.ciated t,, rahl)its pretreate([ with the monoamine
with a low concentratiol) of free serotol)il) in oxi(lase inhibitor, il)roniazid, causes excita-

brain, whereas syml)athetic predolllill;lt|ce iS lion and sympathomimetic effects similar to
associated with a high conceutratiou of the those ol)_rved after administration of LSI)

free indole. This apparent difference in the or hiffh doses of .:,-hydroxytryl)tophan. Them
behavior of serotonin, dependinff on whether effects are associated with the presence of a
it is I)re_nt in low or in high conce,ltration, high concentration of free _rotonin in the
is reminiscent of the behavior of acet.vlch_)line, brain. The observations are consistent with
which in high concentration blocks its own the c(mcept that serotonin is normally bound

action at peripheral _an,,,lia(._/. The find- in an inactive form which serves as the pre-
in_s with serotonin are not inconsistent with cursor form of a neurohumoral affent. 2.
the concept that serotonin functions as a Althouffh both chh)rpromazine and reserpine
neurohumoral agent in the parasympathetic reverse the effects of LSD. only chh)rproma-
division of the central atltttnomic system. The zine blocks the effects of free serotonin which
blockade of central i_arasYmlmthetic centers result from administration of 5-hydroxytryp-
couht unmask the antagonistic sympathetic tophan or the combination of iproniazid and
centers and result in sYml)athetic pred_mli- reserpine. This suggests that the two tran-
nance, quilizin_ dru_s act by different mechanisms.

An ituportant _d)serxation is that reserpine lproniazid _Mar,ilid) wa_ kindl._ ,upplied by Hoff-

can overcome the excitation ;.111(] sympathetic mann-l,aR_chc: rt',erpint' phosphate hv Ciba Phar-
predonlinance induced 1)%" LSI) }till does not mact'utical Prq_duct.... and I.v.o.'r_zic acid dicthylamide

bhK'k similar responses resultin_ from a high ¢1,si)t hy Sand..z I,almratories.
concentration of free serotonin in) br,lin.
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