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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-
parently are not associated with the antagonism of 5-HT. The 5-hydroxytryptophan
(5-HTP)-induced increase in the monosynaptic spike amplitude and spontaneous moto-
neuronal discharge and decreased stimulus-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 cvproheptadine. The amount of
antagonist necessary for complete reversal was directly proportional to the dose of 5-HTP.
None of the 5-HT antagonists efiectively antagonized the depressant actions of 5-HTP
on polysynaptic and dorsal root reflexcs. Pretreatment with a 5-HT 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-HTP on evoked
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potentials in the spinal cord.

Recent studies in this laboratory (Anderson
amd Shibuya, 1966; Anderson et al.,, 1967) have
ehown that raising the levels of 5-hydroxy-
teyptamine (5-HT) in the cat spinal cord by
the use of 5-HT precursors (5-hydroxytrypto-
phan and tryptophan) and monoamine oxidase
(MAO) inhibitors produced marked changes in
spinal synaptic activity. The most notable of
these changes were a pronounced increase in
the monosynaptic spike amplitude and in spon-
taneous ventral root discharge and a decrease in
stimulus-response latency. In addition, 5-hy-
deoxytryptophan (5-HTP) produced a depres-
‘sién of the polysynaptic and dorsal root re-
Bexes.

In view of the possible role of 5-HT in modi-

fﬁng motor outflow, it became of great interest

Received for publication November 15, 1967.
% Supported in part by Grant NB 05611 from the
U&. Public Health Service and Grant 244-3369-334
i the Illini Foundation.
‘#A preliminary report was presented to the
imerican Society of Pharmacology and Experi-
tal Therapeutics, Philadelphia, Pa., 1965 (Phar-
tcologist 7: 142, 1965).
-¥Present address: Department of Pharmacology,
Ah‘lerican University, Beirut, Lebanon.

to investigate the effects of some 5-HT antago-
nists on spinal synaptic activity. The following
experiments were designed to study the effects
of several 5-HT antagonists on spinal neuronal
potentials in spinal cats which were untreated,
depleted of endogenous 5-HT or pretreated with
agents to elevate endogenous 5-HT.

MerHops. The methods used have been pre-
viously described in detail (Anderson et al.,
1967). Cats under ether anesthesia had the spinal
cord transected at the C: level or were decere-
brated at the intercollicular level, artificially
respired and immobilized with gallamine tri-
ethiodide. After laminectomy, stimuli (15 times
group I threshold) were applied to a whole
dorsal root or peripheral nerve at a frequency
of 12/min. This stimulus was supramaximal for
the monosynaptic spike. Neuronal potentials
were recorded from the ventral root and from
an adjacent dorsal root (dorsal root reflex) or
dorsal root entry zone (dorsal root potential),
The lumbosacral cord was isolated from afferent
inflow by severing all dorsal roots from Ls to S, .
The mineral oil pool bathing the spinal cord and
the rectal temperatures were held constant at
37°C. Carotid blood pressure twas continuously
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TABLE 1

The effect of methysergide on spinal neuronal
potentials evoked by stimulation of various nerves

Percent Change in
Dose or
Is,oca.tilon of RDose ¢
timulatin, ange of | M -
Electrode. Sene | Moao¥™ | Polysy- | Dorsal
ysergide | spike naptic root
height area reflex
me/ke
Dorsal root 0.C05 —6 (3)° ¢ @3) 0(2)
0.01 —~18 (4) -7 3) -5 (4)
0.02 —20 (1) | +30 (1) 0 (1)
0.66 |-30 ()| —2( 0 ()
0.15 —59 (3) -6 ()
0.2-0.4 | ~55 3) 16 (2)
0.8 —59 (1)
1.0-2.5 | —49 (4) | —18 3) | —23 (1)
5.0-10.¢] —52 (3) | —27 (@) | —37 (1)
Gestrocnemius- 0.05 —18 (1)
soleus 0.10 —25 (2) 0 (2)
0.20 -26 (2) 0 (1)
Anterior tibialis 0.20 —60 (1) 0 (1)
nerve
Hamstrings nerve 0.20 —~58 (2) | —23 (2)
Sural nerve 0.20 +5 (2)
2.0 -30 (2)

¢ Results are average values of the number of experiments
given in parentheses.

monitored and all drugs were dissolved in
saline and injected into the antecubital vein via
an indwelling catheter. A minimum of 3 hr
elapsed between the cessation of ether anesthesia
and the start of control recordings. During the
control period the response of the preparation
was monitored for 1 hr. Preparations showing a
variability in potential size greater than *10%
were not used.

The following 5-HT antagonists were studied:
methysergide (UML 491), BOL (2-brom-d-lyser-
gic acid diethylamide), LSD (d-lysergic acid
diethylamide), cinanserin [2"-(3-dimethylamino-
propylithio)cinnamanilid  hydrochloride], cypro-
heptadine and BAS (1-benzyl,2-methyl,5-methoxy
tryptamine hydrochloride).t

Resurts. 5-HT antagonists and spinal neu-
ronal activity. Immediately after the injection
of methysergide, the monosynaptic spike evoked
by dorsal root or peripheral nerve stimulation

¢ We are indebted to Dr. John Gogerty of Sandoz
Laboratories for supplies of methysergide and BOL
and to Dr. Bernard Rubin of the Squibb Institute
and Dr. Clement Stone of the Merck Institute for
:‘ppxl)hes of cinanserin and cyproheptadine respec-
vely.
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was selectively depressed. This effect was max-
imal within 1 to 4 min of injection and was ac-
companied by an increased stimulus-response
latency which averaged 0.1 msec at doses pro-
ducing maximal depression. The degree of de-
pression of the monosynaptic spike was dose-
dependent at doses below 0.2 mg/kg (table 1).
Cumulative dose-response curves were ob-
tained in individual animals by injecting an
initial dose of 5 mg/kg of methysergide, fol-
lowed by additional injections at 4-min inter-
vals which doubled the total amount of drug in
the animal with each injection. Figure 1 depicts
the depression of the monosynaptic spike ob-
tained by averaging the cumulative dose-re-
sponse curves from five animals. From both
table 1 and figure 1 it is apparent that about
02 mg/kg of methysergide produced a maxi-
mal depression of the monosynaptic spike
height of about 5055 which was not increased
further, even by doses as high as 10 mg/kg.
Approximately 1 hr was required for com-
plete recovery of the monosynaptic spike from
the depressant effect of methysergide. After
full recovery from an initial dose, a second dose
produced much less depression of the monosyn-
aptic spike. This tachyphylaxis to the depres-
sant effects of methysergide persisted for sev-
eral hours. However, when submaximal doses
were repeated within short time intervals, as
when obtaining cumulative dose-response
curves, little tachyphylaxis was observed.
Methysergide in doses below 0.2 mg/kg
caused no significant effect on polysynaptic or
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Fic. 1. A cumulative dose-response curve depict-
ing the effects of the sequential injection of in-
creasing doses of methysergide on the monosyn-
aptic spike amplitude. This curve is the average
of 3 separate experiments with the standard error
indicated.
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dorsal root reflexes. Higher doses depressed
these potentials, with the longer latency poly-
synaptic potentials being affected more than
the shorter latency potentials. The same de-
pressant action was obszerved on the pure poly-
synaptic potentials evoked from sural nerve
stimulation (table 1).

BOL in doses of 400 mg/kg rapidly de-
pressed the monosynaptic spike height in five
animals to an average of S3 = 4% (%S.E.) of
their control height. Larger doses produced
little additional depression of the monosynaptic
potentials, but further depressed polvsynaptic
activity.

LSD difiered from methysergide and BOL in
that doses of 300 upg/kg increased the mono-
synaptic spike height 34 = 2% above their
original control levels, while slightly depress-
ing polysynaptic activity. Larger doses of LSD
caused little additional increase in the mono-
synaptic spike amplitude, but did produce
additional depression of polysynaptic poten-
tials. These results are in close agreement with
those reported by Geiger and Cervoni (195S).

Cinanserin (4 mg/kg), ecvproheptadine (2
mg/kg) and BAS (7 mg/kg) were found to
have minimal effects on spinal neuronal poten-
tials immediately after injection. However,
about 45 min after the injection of cinanserin a
late facilitation of the monosynaptic spike was
frequently observed.

The effects of methysergide and einanserin
obtained in decerchrate preparations were the
same as in the acute spinal animals.

The changes in ncuronal potentials caused by
most of the 5-HT antagonists showed no cor-
relation with their cardiovascular effects. The
blood pressure response to methysergide in
doses above 0.2 mg/kg was quite marked (10-
20 mm Hg), but varied from pressor to de-
pressor responses. However, the changes in
neuronal potentials  after methysergide were
consistent in spite of the unpredictable blood
pressure response. The cardiovascular changes
following LSD, cinanserin and eyproheptadine
were minimal, but the depressor response after
BOL was sometimes quite marked. The rapid
injection of 1 to 2 mg/ke of BOL frequently
produced a preeipitous fall in blood pressure
in spinal cats and a subsequent depression of all
spinal neuronal potentials. For this reason, the
usage of BOL was restricted to slow injections
of doses of 1 mg/kg or less.

5-IHT antagonist in 5-HT-depleted animals.
The endogenous cord levels of 3-HT were de-
pleted by chronic cord transection and pre-
treatment with reserpine. Chronic cord tran-
section has been reported by Carlsson et al.
(1963) and Andén et al. (1964) to result in
nearly total depletion of the 5-HT in the cord
caudal to the transection. Similar results have
been obtained in this laboratory  (Shibuya
and Anderson, 1966, unpublished observations).
Chronie reserpine treatment was effected by in-
jecting 2 mg/kg of reserpine phosphate 24 hr
and 4 hr prior to reflex testing. The effects of
methysergide on  spinal necuronal potentials
evoked from reserpine-treated and chronie tran-
sected cats were quantitatively similar to those
found in acutely transected eats. Thus, the en-
dogenous level of cord 3-HT appears to have no
effect on the actions of methysergide.

Antagonism of the effects of 5-HT precur-
sors. The injection of 3-HTP produces a num-
ber - of effects on spinal neuronal potentials
which correlate with rises in the cord level of
5-HT (Anderson and Shibuyva, 1966). After 50
to 75 mg/kg of 5-HTP, a marked increase in the
monosynaptic spike height and spontaneous
ventral root discharge occurred in conjunction
with a decreased stimulus-response latency.
These excitatory cffects were accompanied by
decreases in the polvsynaptic and dorsal root
reflexes. All effects were maximal about 90 min
after injection of 3-HTP and slowly returned
toward control levels over a period of 4 to 5
hr. Hence, the effects of the 5-HT antagonists
were determined 90 min after the injection of
5-HTP. In other experiments, the 5-HT an-
tagonists were injected immediately prior to the
administration of 3-HTP to determine their
ability to prevent its actions.

The administration of a 5-HT antagonist
during the height of 5-HTP action resulted in a
dramatic reversal of all the excitatory effects
of 5-HTP, but not its depressant actions. Thus,
within 3 min of the injection of 0.5 to 2 mg/kg
of methysergide the 3-HTP-induced increase
in the monosynaptic spike height and the
spontaneous motonecuronal dizcharge and the
deerease in the stimulus-responze latency were
antagonized (see fig. 2). The dose of methy-
sergide required for complete antagonism was
directly proportional to the dose of 5-HTP. At
the point of maximal antagonism the mono-
synaptic spike amplitude was brought down
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METHYSERGIDE

F1e. 2. A tvpical experiment depicting the antagonism of the effects of 5-hydroxvtryptophan (5-

HTP) by methysergide. Each evoked potential is

a composite made by superimposing 15 consecutive

oscilloscope sweeps. The lower beam is the ventral root recording and the upper beam is the dorsal root
reflex. The top row depicts the effects of 75 mg/kg of 5-II'TP (90 min after injection) followed by methy-
sergide (1 mg/kg 3 min after injection) on the ventral root and dorsal root potentials. The middle row
shows the latency change following 5-HTP superimposed on the control spikes (first frame) and the
reversal of this latency change by 1 mg/kg of methysergide (second frame). The bottom row demon-
strates the effects of 5-HTP and methysergide on spontaneous motoneuronal discharge monitored from
the whole ventral root (each trace is a single oscilloscope sweep).

below, and the stimulus-response delay was in-
creased to above, the pre-3-HTP control lev-
els. Thus, the direct depressant effects of
methysergide appeared to be imposed on top of
the effects due to 5-HT antagonism.

Methysergide failed to antagonize the 3-
HTP-induced depression of the polysynaptic or
dorsal root reflexes. Instead, the doses of
methysergide necessary to antagonize the ex-
citatory actions of 5-HTP usually further de-
pressed these reflexes. A partial antagonism of
the 5-HTP-induced depression of the dorsal
root potential was occasionally observed with
doses below 1.5 mg,'kg.

The antagonistic effects of methysergide
toward the excitatory effects of 35-HTP de-
clined after a period of 30 to 60 min and the
facilitatory cffects of 5-HTP reappeared. A
second dose of methysergide again antagonized
the excitatory ~effects of 5-HTP, but the
monosvnaptic spike amplitude was not de-

pressed to below the original control level.
This probably reflected the tachyphylaxis to
the direet depressant effects of methysergide.

Pretreatment of cats with 2 mg/kg of methy-
sergide just prior to the injection of 3-HTP
prevented the facilitatory effects of 5-HTP from
manifesting their presence for about 2 hr.
However, the depressant effects of 5-HTP on
the polysynaptic and dorsal root reflexes ap-
peared as usual.

The antagonism of the effects of 3-HTP by
BOL was qualitatively similar to that of
methyzergide. Doses of 1 mg/kg of BOL after
75 mg/kg of 3-HTP uually reversed all of the
excitatory effects of 75 mg kg of 3-HTP, re-
turning them to near control levels. By admin-
istering doses of BOL in a stepwise manner (fig.
3), it was possible to minimize cardiovascular
changes and titrate the amount of BOL neces-
sary for complete antagonism of the excitatory
effects of 5-HTP. BOL, like methysergide,
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Fi1c. 3. A typical experiment illustrating the antagonism of the effects of 5-hydroxytryptophan by
sequential injectious of BOL. O, the monosynaptic spike height; @, the area beneanth the polysynaptic

potentials.

failed to antagomize the depressant effects of
5-HTP on the polysynaptic and dorsal root re-
flexes. Instead, it further depressed these re-
sponses (fig. 3).

LSD, cinanserin and cyproheptadine also
antagonized the facilitatory effects of 5-HTP
by returning the monosynaptic spike height,
stimulus-response latency and spontaneous ven-
tral root dizcharge to ncar control levels (see
fig. 4). To antagonize the effects of 50 mg/kg
of 5-HTP, doses of 1.5 mg/kg of LSD and cy-
proheptadine and 4 mg/ke of cinanserin were
required. Larger doses of 5-HTP required larger
doses of these antagonists. The depressant ef-
fects of 5-HTP on the polysynaptic and dor-
sal root reflexes were not significantly affected
by these antagonists. In an occasional experi-
ment some antagonism of these depressant ef-
fects was observed (see LSD in fig. 4), but this
was not a consistent response.

BAS in doses up to 7 mg/kg failed to show an
antagonism toward the effects of 5-HTP.
This was the only antagonist investigated
which failed to reverse the excitatory effects of
5-HTP.

As previously reported, 100 mg/kg of I-
tryptophan produeed an increase in the mono-
syvnaptic spike height averaging 727 (Ander-
son and Shibuya, 1966). After pretreatment
with a MAO inhibitor, 75 mg/kg of I-trypto-
phan produced excitatory effects on the spinal

neuronal potentials which were quantitatively
and qualitatively similar to those of 75 mg/kg
of 5-HTP. The 5-HT antagonists immedi-
ately returned the excitatory effects of I-trypto-
phan to control levels.

Specificity of the 5-HT antagonists. The ad-
ministration of [-3,4 dihydroxyphenyialanine
(dopa) has been observed to alter ventral root
potentials in a manner qualitatively similar to
the effects of 3-HTP (Baker and Anderson,
1965). Experiments were therefore carried out
to determine whether the 5-HT antagonists
would show any sclective antagonism toward
the effects of 5-HTP or dopa. All of the 5-HT
antagonists, except BAS, were found to an-
tagonize the excitatory effects of 20 meg/kg of
dopa. Both cinanserin and LSD completely
antagonized dopa by returning the increased
monosynaptic spike and decreased stimulus-res-
ponse latency after dopa to control levels.
Methysergide in doses of 1 mg/kg showed
antagonism toward the excitatory effects of
20 mg/kg of dopa, but usually failed to
return the potentinls to their control levels,
whereas the excitatory actions of 50 mg kg of
3-HTP were returned to below control levels by
this dose of methysergide. This tendeney toward
a selective antagonisin was more clearly demon-
strated I experiments in which pretreatment
with 2 mg/kg of micthyvsergide prevented the
effects of up to 753 mg/kg of 3-HTP but not the
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CONTROL 5.HTP

CYPROHEPTADINE 1.2mg/kg

Fig. 4. Three typical experiments showing the antagonism of the effects of 5-hydroxytryptophan on
ventral root potentials by L3I, cinanserin and cyproheptadine.

effects of 40 mg/kg of dopa. However, the effects
of dopa were somewhat reduced. Thus, methy-
sergide shows more antagonism toward 5-HTP
than to dopa.

Discussiox. A careful attempt has been
made in this study to separate the effects of
the 5-HT antagonists on spinal neuronal po-
tentials due to antagonism of 3-HT from
those due to other actions of these com-
pounds. In spite of the common ability of all of
these compounds to antagonize 5-HT, their
effects on the monosynaptic spike in acute
spinal cats varied from facilitation to depres-
gion. This suggests that these actions are not
due to the antagonism of endogenous 3-HT.
This inference is confirmed by the experiments
in which, after the endogenous 3-HT levels were
depleted by chronic cord transcetion or pre-
treatment with reserpine, methysergide demon-
strated the same depressant actions as scen in
the normal cat.

Carlsson et al. (1963, 1964) have presented
evidence that spinal cord 5-HT is associated

with descending bulbospinal neurons in  the
rabbit, rat and mouse; Shibuya and Anderson
(1866) have partially confirmed this in the cat.
Thus, the lack of any action by the 5-HT an-
tagonists in the acute spmal eat attributable to
the antagonism of 3-HT would be expeeted, if
the endogenous 3-HT s largely associated
with descending neurons severed from their cell
bodics by cord transection and thus made
quicscent. These descending systems appear not
to be tonieally nctivated in the decerebrate eat
sinee the injection of cinanserin into decerebrate
animals failed to show any action on the seg-
mental reflexes.

Methysergide’s  depressant  action in  the
spinal cat, which is unassociated with 5-HT
antagonism, is highly interesting beeause of
its selectivity and potency. The poteney of

. methysergide becomes even more impressive in

view of the fact that only 139 of the amount
expected in comparison to LSD has been re-
ported to penetrate the central nervous sys-
tem (Docpfner, 1962). The sclectivity of
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methysergide’s action in depressing mono-
synaptic spike amplitude without affecting
polysynaptic potentials was observed after
flexor or extcnsor nerve as well as whole dor-
sal root stimulation. Another unusual aspect of
this depressant action is the 50% limit of the
block regardless of the dose. The methysergide
action resembles the block of the monosynaptic
reflex produced by harmaline (Anderson et al.,
1967), but these two compounds appear to
act through different mechanisms since the
combined administration of methysergide and

- harmaline abolished the monosynaptic spike

while only partially depressing the polysynaptic
activity. These observations suggest that
methysergide and harmaline depress motoneu-
ronal activation by interfering with primary
afferent transmission. A further observation of
interest was that the depressant action of
methysergide was blocked by pretreatment
with 0.3 mg/kg of LSD, but not by any of the
other 5-HT antagonists.

The effects of 5-HTP have been postulated to
result from 5-HT as evidenced by its slow on-
set of action and the marked rise in cord 5-HT
levels after 5-HTP injection (Anderson and
Shibuya, 1966). The ability of the 5-HT an-
tagonists to reverse rapidly the 5-HTP-in-
duced increase in the monosynaptic spike am-
plitude, increase in spontaneous motoneuronal
discharge and decrease in stimulus-response
latency lends further support to this conclusion.
The direct depressant effects of methysergide
and BOL are superimposed on the effects due to
the antagonism of 5-HT, since they returned the
monosynaptic spike to amplitudes below the
pre-5-IITP control level. Consequently, when-
ever these compounds were used, care had to be
taken to account for their direct depressant ef-
fects as well as their efects due to antagonism
of 5-HT. No ready explanation is available for
the failure of BAS to show any antagonism to
5-HTP.

The failure of any of the 5-AT antagonists to
reverse effectively the depressant effects of
5-HTP on the polysynaptic and dorsal root re-
flexes or to prevent this depression on pre-
treatment is of particular interest. This
suggests that the excitatory and depressant ef-
fects of 5-HTP on spinal synaptic activity are
independent actions and that the respective re-
ceptors activated by 5-HT are pharmacologi-

cally distinct. It is tempting at this point to
postulate that the descending serotonergic neu-
rons contain two functionally distinet sys-
tems, one producing increased motoneuronal
excitability and the other functioning to de-
press interneuronal systems. According to this
hypothesis 5-HTP functions by increasing the
5-HT levels in all serotonergic neurons with
consequent 5-HT overflow and activation of
the excitatory and depressant receptor sys-
tems. The administration of a 5-HT antagonist
blocks the receptors involved in the excitatory
actions but allows the depressant actions of
5-HT to remain.

The ability of the 5-HT antagonists to an-
tagonize the excitatory actions of dopa re-
quires- caution in attributing all of the ac-
tions of the antagonists to reactions with 5-HT
receptors. This picture is further complicated
by the marked similarities between the effects

-‘of 5-HTP and dopa on spinal neuronal poten-

tials. Methysergide demonstrated some selec-
tivity in more effectively antagonizing 5-HTP
than dopa, but its direct depressant actions un-
fortunately complicate the interpretation of its
actions as an antagonist.
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