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ABSTRACT

BANNA, NABII., ]:_. AND EDMIYND G. ANDERSON: The effects of 5-hydro_,tryptamine
antagonists on spinal neuronal activity. J. Pharmacol. Exp. Therap. 162: 319-325, 1968.
The effects of several 5-hydroxytryptamine (5-HT) antagonists were studied on potentials _.
evoked in acute spinal cats by supramaximal stimulation of an L, dorsal root or peripheral
nerve and recorded from the ipsilateral L_ ventral root. The effects of the different 5-HT ,
antagonists on the evoked potentials varied from marked depression to slight facilitation. [
Since these actions still appeared in animals depleted of endogenous 5-HT, they ap-
parent])" are not associated with the antagonism of 5-HT. The 5-hydroxytryptophan
(5-itTP)-indueed increase in the mono_'naptic spike amplitude and spontaneous moto-
neuronal discharge and decreased gtimulus-response latency were immediately antagonized
by the injection of the 5-HT antagonists, methysergide, 2-brom-d-lysergic acid diethyla-
mide, d°lysergic acid diethylamide, cinanserin and cyproheptadine. The amount of
antagonist necessary for complete reversal was directly proportional to the dose of 5-ttTP.
None of the 5-tIT antagonists effectively antagonized the depressant actions of 5-HTP
on polysynaptic and dorsal root reflex_.s. Pretreatmcnt with a 5-tIT antagonist also pre-
vented the excitatory effects of 5-HTP. It is concluded that the 5-HT antagonists will
effectively antagonize the excitatory, but not the depressant, effects of 5-ttTP on evoked
potentials in the spinal cord.

]Recent studies in this laboratory (Anderson to investigate the effects of some 5-HT antago-
Shibuya, 1966; Anderson et al., 1967) have nists on spinal synaptic activity. The following

_wn that raising the levels of 5-hydroxl¢- experiments were designed to study the effects
t_ptamine (5-HT) in the cat spinal cord by of several 5-HT antagonists on spinal neuronal
tie use of 5-HT precursors (5-hydroxytrypto- potentials in spinal cats which were untreated,
_n and trvptophan) and monoamine o.,ddase depleted of endogenous 5-HT or pretreated with ..
{_tIA0) inhibitors produced marked changes in agents to elevate endogenous 5-HT.

_llinal synaptic activity. The most notable of
_ETHODS. The methods used have been pre-thee changes were a pronounced increase in

viously described in detail (Anderson et al.,
monosynaptic spike amplitude and in spon- 1957). Cats under ether anesthesia had the spinal

_eous ventral root discharge and a decrease in cord transected at the C_ level or were decere-
Itllmulus-response latency. In addition, 5-hy- brated at the intercollicular level, artificially
_.xytryptophan (5-tlTP)produced a depres- respired and immobilized with gallamine tri-

_n of the polysynaptic and dorsal root re- ethiodide. After laminectomy, stimuli (15 times
_es. group I threshold)were applied to a whole

:In view of the possible role of 5-HT in modi- dorsal root or peripheral nern'e at _, frequency

f_g motor outflow, it became of great interest of 12/rain. This stimulus was supramaximal for
_ the monoss'napticspike. Neuronal potentials
_ecelved for publication November 15, 1957. were recorded from the ventral root and from
):Supported in part by Grant NB 05611 from the adjacent dorsal root (dorsal root reflex) orU_. Public Health Service and Grant 244-3369-384 an

f_l_n the lllini Foundation. dorsal root entry zone (dorsal root potential).
:_:A preliminary report was pre_ented to the The lumbosacral cord was isolated from afferent

_]_erican Society of Pharmacology and ]2xperi- inflow by severing all dorsal roots from L, to S_.
_]l_ta_ _nerapeutics, Philadelphia, Pa., 1965 (Phar- The mineral oil pool bathing the spinal cord and
_ttcologist 7: 142, 1055). i

)'_Present address: Department of Pharmacology, the rectal temperatures were held constant at
_ericanUniversity, Beirut, Lebanon. 37"0. Carotid blood preasure was continuously ,
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il 320 _A_W,A Am) ANDEnSON VoI. 16_ 1968TABLE 1 was selectively depressed. This effect was max- dorsal ro_

The effect of methysergide on spinal neuronal imal within 1 to 4 min of injection and was ac- flwse pow_p
?olentiaZs evokedby stimulalion of various nerves companied by an increased stimulus-response synaptie l""

latency which averaged 0.1 msee at doses pro- the shorwrPercent Changein
>o_or ducing maximal depression. The degree of de- pressam :,..:Locationof Dose

Stimulating angeof SVD3plic I' "_Ionosy-] pression of the monosynaptic spike was dose-
Electrode _,Ieth- naptic t Polysy- Dorsal

se_glde wike I n_ie mot dependent at doses below 0.2 mg/kg (table I). stimnhtti.n ,
height [ area reflex Cumulative dose-response curves were ob- BOL in

_[ tained in individual animals by injecting an pressed Th,"g/_t initial dose of 5 mg/kg of methysergide, fol-
Dorsalroot 0.C05 -00P] 0 Ca) 0 _2) animals _o

0.01 -x8 (4) I -7 O) -s O) lowed by additional injections at 4-rain inter- their corn:
0.02 --20 (1) I +30 (1) 0 {1) va]s which doubled the total amount of drug in little a(hli,: •
0.0_ -30 (4) I -2 (2) 0 (1) the animal with each injection. Figure 1 depicts
o.15 -_9 (3) -s (2) potenti:,I,. :

-5_ (_) is (2) activity._.4 the depression of the monosynaptic spike ob-
-_9 n) l rained by averaging the cumulative dose-re- "

.{I-2.5 --49 {4) -_s o) -2a (n LSD di:':,

_.o-lo.c -_2 0) -27 (2) -,7 0) sponse curves from five animals. From both that {h},_..table 1 and figure 1 it is apparent that about svnaptic -;
O_uoenemin,- 0.05 -IsO} 0.2 mg/kg of methvsergide produced a maxi- "
|oleue 0.10 -2s(2) o (2) - original c,.:

0.20 -26 (2} 0 O) real depression of the monosynaptic spike ing poly,.x_.
height of about 50% which was not increased caused If,'!

Anteriortibialis 0.20 -_o O) o (0 further i even by closes as high as 10 mg/kg.nerve synapt it' -
Approximately 1 hr was required for corn- a{Iditi,,n:d

Hamstringsnerve 0.20 -_ (2) -23 (2) plete recovery of the monosynaptic spike from rials. Th,.-,.

Sutalnerve 0.20 +s (2) the depressant effect of methysergide. After those rel,,t"
2.0 -ao (2) full recovery from an initial dose, a second dose Cinan,,.:::

_tlteaults are averagevalues of the number of experiments produced much less depression of tile monosy'n- lag., kg} :,t
,l_ven in parentheses, aptic spike. This tachyphylaxis to the depres- have mini:

sant effects of methysergide persisted for sev- tials imm.

monitored and all drugs were dissolved in eral hours. However, when submaximal doses about 45 _:
saline and injected into the antecubital vein _a were repeated within short time intervals, as hue faeili"

an indwelling catheter. A minimum of 3 hr when obtaining cumulative dose-response freq,r, nfly.
elapsed between the cessation of ether anesthesia curves, little tachyphylaxis was observed. The ,.fi,

and the start of control recordings. During the Methysergide in doses below 0.2 mg/kg obtaino,1 :
control period the response of the preparation caused no significant effect on polysynaptic or same a,_ i_,
was monitored for 1 hr. Preparations showing a
variability in potential size greater than --+10% The {'h'
were notused. too most (}t ,:I

The following 5-HT antagonists were studied: _'-""_i rclati,m v.
methysergide (UML 491), BOL (2-brom-d-lyser- _o ¥,\ blood t,r.

gi¢ acid dicthylamide), LSD (d-lysergie acid tX (lose; :d_.
diethylamide), cinanserin [2'-(3-dimethylamino- _o ol 20 mm 1

propylithio)cinnamanilid hydroehloride], eypro- _ IX pressor '
heptadine and BAS (1-benzyl,2-methyl,5-methoxy _ _o

¢ryptamine hydrochloride).' g "%{n_,,,_ l neur,)n:d

6o eonsiMt'h"
RESVL'rS. 5-HT antagonists and spinal neu- pres: m '

tonal activity. Immediately after the injection _o folloui,c
" _ were mi!

of methysergide, the monosynaptic spike evoked ) _ , _ t )
by dorsal root or peripheral nerve stimulation .oo_ .oo_ ._ oz .o, ._ .z ., BOI. B -

t We are indebted to Dr. John Gogerty of Sandoz Fro. 1. A cumulative dose-re_onse curve depict- i)ro(lu,-,.,i
Laboratories for supplies of methysergide and BOL ing the effects of the sequential injection of in- in spin.,.and to Dr. Bernard Rubin of the Squibb Institute creasing doses of methysergide on the monosTn-
and Dr. Clement Stone of the Merck Institute for aptic spike amplitude. This curve is the average spin:d L,
supplies of einanserin and cyproheptadine respec- of 5 separate experiments with the standard error usa_(" ,c

tively, indicated, of {Io_,'"
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as max- dorsal root reflexes. Higher (loses depressed 5-HT antagonist in 5-HT-dcpleted animals, i
was ae- these potentials, with the longer latency poly- The endogenous cord levels of 5-HT were de-

response synaptic potentials being affected more than pleted by chronic cord transection and pre- ]
ses pro- the shorter latency potentials. The same de- treatment with reserl)ine. Chronic cord tran-."of de-

pressant action was observed on the pure poly- section has been reported by Carlsson ctal.

m dose- synaptic potentials evoked from sural nerve (1963) and Anddn et al. (1964) to result in
lble. 1). stimulation (table 1) nearly total depletion of the 5-HT in the cord
_re ob- " "

BOL in closes of 400 mg/kg rapidly de- eaud:d to the transection. Similar results have ]
ring an pressed the monosynaptie spike height in five been obtained in this laboratory (Shibuya i

a'de'inter-f°l" animals to an average of $3 ± 4% (±S.E.) of and Anderson, 1966, unl)ublished observations). !i
their control height. Larger closes produced Chronic reserl)ine treatment was effeeted by in- I

drug in little additional depression of the monosynaptie jeering 2 mg/kg of reserpine phosl)hate 24 hr

depiCtsob_ potentials, but further depressed polysynaptic and 4 hr prior to reflex testing. The efl'eets of ! iitike

activity, methvsergide on spinal neuronal potentials i 1dose-re- "
LSD differed from methysergide and BOL in evoked from reserl)ine-treated and chronic tran- .t

m both that doses of 300 #,.,,,,k,_,,increased the mono- seeted cats were qu.mtitativelv similar to those
t about

max'i- synaptic spike height 54 ± 2% above their found in acutely transected cats. Thus, the on-
original control levels, while slightly depress- dogenous level of cord 5-tiT _q)pears to have no

; spike ing polysynaptic activity. Larger closes of LSD (,fleet on the actions of n|cthysergide.
mreased caused little additional increase in the mono- Antagonism o/ the effects of 5-HT precur-

_g" synaptic spike amplitude, but did produce sots. The injection of 5-HTP produces a hum- t
)r corn- additional depression of polvsvnaptic poten- ber-of effects on spinal neuronal 1)otentials_efrom " "

tials. These results are in close agreement with which correlate with rises in the cord level of• After
those reported by Geiger and Cervoni (195S). 5-ttT (Anderson and Shibuya, 1966). After 50nd dose

Cinanserin (4 mg/kg), cyproheptadine (2 to 75 mg/kg of 5-ItTP, a marked increase in the

onos3aa- mg/kg) and BAS (7 mg/kg) were found to monosynaptic spike height and spontaneous
depres- have minimal effects on spinal neuronal poten- ventral root discharge occurred in conjunction'orsev-

tials immediately after iniection. However, with a decreased stimulus-response latency.
l doses about 45 min after the injection of cinanserin a These excitatory effects were accompanied by
vals, as late facilitation of the monosynaptic spike was decreases in the polysynaptic and dorsal root
esponse frequently observed, reflexes. All effects were maximal about 90 rain

The effects of methysergide and cinanserin after iniection of 5-ttTP and slowly returned
mg/kg obtained in decerebrate preparations were the toward control levels over a period of 4 to 5

,ptic or same as in the acute spinal animals, hr. Hence, the effects of the 5-ttT antagonists
The changes in neuronal potentials caused by were determined 90 rain after the injection of

most of the 5-tIT antagonists showed no cor- 5-HTP. In other experiments, the 5-HT an-
relation with their cardiovascular effects. The ta_onists were injected immediately prior to the
blood t)ressure response to methysergide in administration of 5-HTP to deterntine their
doses above 0.2 mg/kg was quite marked (10- ability to prevent its actions.
20 mm fig), but varied from presser to de- The administration of a 5-ItT antagonist
presser responses. However, the changes in during the height of 5-ttTP action resuhed in a

neuronal potentials after methysergkle were dramatic reversal of all the excitatory effects
consistent in spite of the unpredictable blood of 5-ttTI', but not its depressant actions. Thus,
pressure resl)onse. The cardiovascular changes within 3 rain of the injection of 0.5 to 2 mg/kg
following LSD, einanserin and cyproheptadine of methysergide the 5-HTP-indueed increase
were minimal, t)ut the depressor response after in the monosvnaptic spike height and the

.4 BOL was sontetimes quite marked. The rapid spontaneous motoneuronal discharge and the
injection of 1 to 2 mg/kg of BOL frequently (lee(ease in the stimulus-resl)onse latency were

depict- produced a precipitous fall in blood pressure am:iuonized (see fi_. 2). The close of methv-oxin- - "
mosyn- in spinal cats and a subsequent depression of all sergide required for complete antagonism was
_verage Slfinal neuronal potentials. For this reason, the directly proportional to the close of 5-ItTP. At
'd error

usage of BOL was restricted to slow injections the point of maximal antagonism the mono-

of closes of 1 mg/kg or less. synaptic spike amplitude was brought down
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2 msec

CONTROL 5- HTP METHYSERGIDE

0.5_sec

0.5m*l l_| I _.-._ 1_'" '_'_
CONTROL • 5-HTP 5-HTP. METHYSERGIDE

FIG. :_

2 msec Sequent i:

potenti:,'.

0.2my| . :,'::: _:._'-- _ failed !-
CONTROL 5-HTP METH_SERGIDE 5-]IWP ,

FIe. 2. A typical experiment depicting the "mtagonism of the effects of 5-hydroxvtrvptophan (5- flexes, l
]-ITP) by met_hvsergide. Each ew,ked p_ten_ial is "i coml).site mnde by s||periml)osing 1,'5 consecutive
oscilloscope swcel)s. The lower beam is _he ventral root reeordihlz, and tl'm Ul)l)er beam is the d.rsal root spons_'- '
reflex. The top rmv depicts the effects of 75 mg/kg of 5-IITP (90 rain after injection'} folhJwe(l by methy- I.SI).
sergide (1 mg/kg 3 rain after injection) on the ventral root and d.rs-d ro,H potenti'ds. The mi'ddle row ant:_o_

shows the latency change following 5-IlTP supcrimpt,sed on the control spikes (first frame) .tnd the by r(,_:
reversal of this latency change by 1 mg/kg, of methysergi(le (second frame). The bottom row demon-
strates the effects of 5-I1TP and methvscrgide on s/)olHat)e_)tls motonetlrona] dis('harge monitored from stillllt|q-
the whole ventral root (each trace is a single oscilloscope sweel)), tral r-,,

fig. 4w.
below, and thc stimulus-response delay was in- pressed to below the origin'd control level, of 5-11"!
creased to above, the pre-5-HTP control lev- This probably reflected the tachyphylaxis to proho;,
els. Thus, the direct depressant effects of the direct depressant effectsofmethyscrgide, requir,.

¢r// -rrmethysergide appeared to be imposed on top of Pretreatment of eats with 2 m_, k_ of methv- doses ,
the effects due to 5-ttT ,antagonism. sergide just prior to the injection of 5-HTP fects ,

Methysergide failed to antagonize the 5- prevented the facilitator3" effects of 5-tITP from sal re,."
tITP-induced depression of the l)olysynaptic or manifesting their presence for about 2 hr. I)3"th,
dorsal root reflexes. Instead, the doses of ttowever, the depressant effects of 5-ttTP on menv -
methysergide necessary to antagonize the ex- the polysynaptie and dorsal root reflexes ap- fec_-_:
eitatory actions of 5-HTP usu.llly further de- peared as usual, was n,,
pressed these reflexes. A partial antagonism of The antagonism of the effects of 5-IITP by B._
the 5-IlTP-indueed depression of the dorsal BOL was qualitatively similar to that of anm'-"'
root potential was occasionally observed with medtysergide. Doses of 1 mg,kg of I',OL after Thi,
doses below 1.5 mg/kg. 75 mg/'kg of 5-HTP usu:t/ly reversed all of the whi,4:

The antagonistic effects of methysergide excitatory effects of 75 mg, kg of 5-tlTP, re- 5-tlTi
toward the excitatory effects of 5-tITP de- turning them to ne:)r control levels. By admin- A,
dined after a period of 30 to 60 rain and the istering doses of t'_OLin a stepwise maimer (fig. tr.vl,_'
facilitator)" effects of 5-ttTP real)peared. A 3), it was possible to minimize cardiovascular s)trq
second close of methysergide again antagonized changes and titrate the amount of BOL neces- s_m :
the excitatory effects of 5-HTP, but the sary for complete antagonism of the excitatory wid_
monosynaptie spike amplitude was not de- effects of 5-HTP. 13OL, like methysergide, phan
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FIG. 3. A typical experiment illustrating tile antagonism of the effects of 5-hvdroxvtrvl)tophan by
sequential injections of BOL. O, the monosynal)tic spike height; o, the area beneanth ('hei)olysynapti'e
potentials.

failed to antagonize the depressant effects of neuronal potentials which were quantitatively
5-ItTP on the polysynaptic "rod dorsal root re- and qualitatively similar to those of 75 mg/kg

*phan (5- flexes. Instead, it further del)ressed these re- of 5-tITP. The 5-HT antagonists immedi- ;_seeutive
_rsal root sponses (fig. 3). ately returned the excitatory effects of/-trypto- ;
ymethy- LSD, einanserin and cvproheptadine also phan to eontrollevels.
iddle row antagonized the facilitatorv effects of 5-HTP Specificity of the 5-HT antagonists. The ad-andthe " -

demon- by returning the monosynaptic spike height, ministration of /-3,4 dihydroxyphenylahnine
,red from stimulus-response latency and spontaneous yen- (dopa) has been observed to alter ventral root ,

tral root discharge to near control levels (see potentials in a manner qualitatively similar to
fig. 4). To antagonize the effects of 50 mg/kg the effects of 5-HTP (Baker and Anderson,

ol level, of 5-HTP, (loses of 1.5 mg/kg of LSD and ey- 1965). Experiments were therefore carried out !

"/axis to proheptadine and 4 mg/kg of einanserin were to determine whether the 5-HT antagonists i"
gide. reqtfire(I. Larger closes of 5-tlTP required larger would show any selective antagonism toward

["methy- doses of these antagonists. The dcI)ressant ef- the effects of 5-HTP or dopa. All of the 5-tIT ]]
5-HTP feels of 5-HTP on the polysynaptic and dor- antagonists, except BAS, were found to an- :

rr' from sal root reflexes were not significantly affected (agonize the excitatory effects of 20 mg/kg of , ]

i

2 hr. by these antagonists. In an occasional expert- dopa. Both cinanserin and LSD completely
:"ITP on ment some antagonism of these depressant ef- antagonized dopa by returning the increased l

:xes ap- feets was observed (see LSD in fig. 4), but this monosy-naptic spike and decreased stimulus-res- : 1was not a consistent response, ponse latency after dopa to control levels.
JTP by BAS in closesu I) to 7 mg,'kg failed to show an 3Iethysergidc in doses of 1 mg/kg showed t

that of antagonism toward tim (,fleets of 5-tITP. antagonism toward the excitatory effects of ' i
)L after This was tile only antagonist investigated 20 mg/kg of dopa, but usually failed to i
:l of the which failed to reverse the excitatory effects of return the potenti:ds to their control levels, :

TP, re- 5-HTP. whereas the exeiuuory" actions of 50 mg,kg of ]
admin- As previously reported, 100 mg/kg of l- 5-ttTP were returned to below control levels by

net (fig. tryptophan l)roduced an increase in the mono- this close of methysergide. This tendency toward i
1

vascular svnaptie spike height averaging "')¢" lander- a selective antagonism was more elearh- demon- j. l--/O _ . ,

, neees- son and Slfibuya, 1966). After pretreatment strated in experiments in which pretreamwnt I
eitatory with a MAO inhil)itor, 75 mg/kg of /-trypto- with 2 mg/kg of niethysergide prevented the
"sergide, phan produced excitatory effects on the spinal effects of Ul) to 75 mg/'kg of 5-ItTI' but not the ;

, !

I
I

!
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FZG.4. Three typical experiments showing the antagonism of the effects of 5-hydroxytryptophan on tag(:
ventral root t)otentials by LSI), cinanseriu and cyproheptaditm, due,

plk:
effects of 40 mg/kg of dopa. tlowever, the effects with descending bulbospinal neurons in the di_c
of dopa were somewhat redttced. Thu.% methy- rabbit, rat and mouse; Shil)uya and Anderson late
sergide shows more antagonism toward 5-HTP (19.66) have partially confirmed this in the cat. TI:,

I than to dopa. Thus, the lack of any action by the 5-HT an- andii Dlscvssmx. A careful attempt has been ta_onists in the acute spinal cat attributable to the

made in this study to separate the effects of the antagonism of 5-HT wot,ld be exl)ected, if me:
the 5-HT antagonists on spin:fl neuronal pc- the endogenous 5-HT is largely associated pr_
tentials due to antagonism of 5-HT from with descending neuron._ severed from their cell ev,
those due to other actions of these ecru- l)odies by cord tr-msection "md thus ma(le tak
pounds. In spite of the common ability of all of quiescent. These descen(lin_ systems appear not fee"
these compounds to antagonize 5-ttT, their to be tonically activated in the decerebrate cat of-:
effects on the monosynaptie spike in acute since the injection of cinanserin into deeerebrate tl:J
spinal eats varied from facilitation to deprcs- animals failed to show any action on the seg- 5-."
sion. This suggests that these actions are not mental reflexes.
due to the antagonism of en(lo_cnous 5-ItT. Methysergide's depressant action in the re',
This inference is confirmed by the exl)erimcnts spinal cat, w/rich is una._soeiated with 5-tIT 5-i
in which, after the endoeenous 5-tlT levels were antagonism, is highly interesting because of _,"
depleted by chronic cord transection or pre- its selectivity and potency. The potency of tr,
treatment with reserpine, methysergide demon- . methysergi(le hecomes even more ilnpressive in so.
stinted the same depress:rot actions as seen in view of the fact that only 13% of the amount i(_
the normal cat. expected in comp'trism_ to LSD Ires been re- ie

Carlsson et al. (1963, 1964) have presented ported to penetrate the central nervous sys- ee:
evidence that spinal cord 5-HT is associated tern (Doel)fner, 1962). The selectivity of
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_: mcthysergido's action in depressing mono- cally distinct. It is tempting at this point to

:' synaptic spike amplitude without affecting postulate that the descending serotonergic neu-
_ poIysynaptie potentials was observed after rons contain two functionally distinct sys-

flexor or extensor nerve as well as whole dor- terns, one producing increased motoncuronal
sal root stimulation. Another unusual aspect of excitability and the other functioning to de-

this depressant action is the 50% limit of the press interneuronal systems. According to this
block regardless of the dose. The methysergide hypothesis 5-HTP functions by increasing the
action resembles the block of the monosynaptic 5-HT levels in all serotonergic neurons with

reflex produced by harmaline (Anderson et a/., consequent 5-HT overflow and activation of
1967), but these two compounds appear to the excitatory and depressant receptor sys-
act through different mechanisms since the terns. The administration of a 5-HT antagonist
combined administration of methysergide and blocks the receptors involved in the excitatory

• harmaline abolished the monosynaptic spike actions but allows the depressant actions of
while only partially depressing the polysynaptic 5-HT to remain.

activity. These observations suggest that The ability of the 5-HT antagonists to an-
methysergide and harmaline depress motoneu- tagonize the excitatory actions of dopa re-
ronal activation by interfering with primary quires caution in attributing all of the ac-
afferent transmission. A further observation of tions of the antagonists to reactions with 5-ttT

interest was that the depressant action of receptors. This picture is further complicated ,: '
methysergide was blocked by pretreatment by the marked similarities between the effects
with 0.3 mg/kg of LSD, but not by any of the . of 5-HTP and dop_ on spinal neuronal poten-
other 5-HT antagonists, ti_,ls. Methysergide demonstrated some selee- i

The effects of 5-HTP have been postulated to tivity in more effectively antagonizing 5-HTP
result from 5-HT as evidenced by its slow on- than dopa, but its direct depressant actions un-
set of action and the marked rise in cord 5-tIT fortunately complicate the interpretation of its
levels after 5-HTP injection (Anderson and actions as an antagonist.
Shibuya, 1966). The ability of the 5-HT an- . _

tophan on tagonists to reverse rapidly the 5-HTP-in- REFERENCES

duced increase in the monosynaptic spike am- A._D_, N. E., H,_GC_','DAL,J., MaC._'CSS0N,T. AND
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