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ABSTRACT

The effects of serotonin (5-HT) receptor i;gonistl and antago- HT syntl_,_sis inhibitor p-chlorophenylalanine. Clonldine (20
n0stson sympathetic nervous discharge (SND) recorded from Fg/kg i.v.) significantly inhibited SND (-73%) inp-chloroohen-
the external carotid and splanchnic nerves wece studied in y]alsnine-trested cat-.,. The selective 5..HT agonists 5-methox-
baroreceptor-<lenervated cats. Intravenous administration of ydimethyltryptamine and lisurtde also reduced SND in a dose-
the 5-HT antagonists methysergide (0.025-1.6 mg/kg), met-- dependent manner. The time course of the depressor effects
ergoline (0.01-0.32 mg/kg), cyproheptadtne (0.05-1.6 rag/ of 5-methoxydimethyltryPtamine and lisuride correlate well to
kg) and cinanserin (0.2-8.4 mg/kg) was associated with a their ability to inhibit 5-HT cell tiring. These data indicate that
prolonged Oose-related mhibiflon of SND. Maximum reductions 5-HT agonista which act preaynaptically to inhibit 5-HT cell
m SND proOuced by methysergtde, meter_.)llne, cypcormpta- tiring _ antagonists which act postsynapticelly to block the
dine and cinanserin were 90, 72, 71 and 50%, res0eclively. In effect of ayrmptically released 5-HT both mediate a central
contrast, a progressive increase in SND was observed in re- reduction in SND It is concluded that central 5..HT neurons
hicle control animalo. MethysergKle, metargoline and cypro- facilitate transmission k) _tr_ symc,atheti¢ pathways.
h_Ine tail_ to reduce SND in cats _emt_ with the

In retest years evidence has accumulated to indicate that i.c.v. 5-hydrorytryptoplum wits potontistvd by monosmine oz-
central tlerotone-gic neurorm participate m the regulation of idam in.%ibiUon and blunted by decarboxyhum inhibition (An-
hi_mdpremure. Anatomically, areuofthebrain0tomlndR)inal tonaccio and Robson, 1973, 1975; Tadelxdli et al., 1977). In
cord ,nvoived in vemomotorcontrol (i.e., the intennediolataral agreement with theme observations, Lc.v. injection of 5-HT
ce[l column, nucleumtractus solitanus and area of the hypo- decr':tumsMAP, HR and SND in cats and dop (McCubbin et
thalamus) are I)eavdy innervated by 5-HT-containi_ neurons ed., 196@,Dunkley et al., 1972; Baum and Shropahire, 1975). In
, i)ahlstmm and Fuxe, 196,5; Fuxe, 196b; Palkovits eL at., 1974; addition, several studies have shown that depletion of bnun 5-
H.biilier et at., 1976). The t.umover rate and/or content of 6- I'IT with the 5-HT synthmia inhibitor PCPA either fails to alter
HT in theme areas is -tiered durintl experimental hypertemion or il1_i_H blood premure (Ito and Schanberg, 1972; Yarnori
(Wing and Chslmers, 1974; Smith et aL, 1979;,Chemerinski e¢ eL al., 1972; and Helka e! nL, 1978). Collectively, the_ oheer.
.i, 19_)). Pharmacologic evidence also sugge_ that central rations suggest that 5-HT neurons norm_y inhibit transmis-
_n)tonergic neuron, participete in cardiovascular control, sion in sen|nil sympathetic pathway¢
}|.wever, the nature of the interaction between 5-HT pathways However, an equally impressive body of evidence suggests
and central ,ynspathetic network_ is not well understood (Kuhn that 5-HT facilitates central sympathetic nervous activity. FirBt,
et M.. 19at)a|. For example, the 5-HT precursor 5-hydroxytryp- i.c.v, inject|arm of 5-HT in |ha rat typically result m a presmr
t(,phan has been shown to produce a fall m MAP in the j_tporme (Lambert et al., 1975; Smite and Struyker-Boudier,
('onscio_ and ones|he|Bed rat (Henning and Rubenmn" 1971; 1976; Nahmod et aL, 1978). Similarly, microinjectiona of 5-HT
N.lan. 1977), in the cat (Bourn and Shroix_hire, 1975: Tadepalli into the anterior hypothahurnu, J/preoptic area or the nucleus
,.t r,I, 1977) and m the dog (Antonaccio and Robmn, 1973, tractum emliteriumaim increase MAP (Smita and Struyker-Bou-
1975) The h._votenamn wu accompanied by bradycardia and dier, 1976; Wolf et el., 19Bib). Then pree_or effects were
a (ie_'rea_e m splanchnlc sympathetic nerve activity (Bourn and enhanced by the 5-HT uptake inhibitor fluoxetine and blocked
Shn)lmhire, 1975). The depremor response produced by i.v. or by the 5-HT antagonist metergolme. Second, i.v. or i.c.v. -d.

ministration of the 5-HT antagonist methymrgide decreeu_t
l(.,_-etved f.r ImblK'at_m Aulum 31, 19St. blood pressure in the rat., cat and dog (Antonaccio et ol., 1975;

ABBREVIATIONS: 5-HT, _erolonin;MAP. mesn arteriali_remmre;HR. heM1rate;SNO, lym_ethetk_nervousdilmherge;PCPA._o-¢hlofl)l_e-
nylslanme.UML.__!hy_g_, MET. m_; C_. _; C_O, c_m; 5-Me(X)MT, 5-methexydl_thyflryptlmme.
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Smite and _troyker-Boudier, 1976; Antonaccio and Taylor, femoral artery wu cannulated to measure MAP with a _tstham

1977). In the cat, the depreasor response produced by UML was transducer and a Gr,ms polygraph Imodel 7D}. A femoral vein catheter

associated with a decrease in SHD (Antonac,.., and Taylor, was |n_rted to permit i.e. drug or vehicle administratio_ HR was
1977). Third, pretreatment with the 5-HT neurotoxins 5,6- or recorded (-ontim,ounly with a Gram 7P4 techogreph _ by the

5,7-dihydroxy;ryptamine typically results in a decrease in blood electrocardiogram (lead I, 11or 111).Rectal temperature wnmmaintained
prex_ure (Myers et at., 1974; Wing and Chalmers, 1974; Finch, between .36 and _8"C with a heating pad and/or lamp.The cats were baroreceptor-denervatod in order to aam_m more

1975", Gothert and Klupp, 1978). Finally, electrical stimulation act'urately a peusible central reduction in SND produced by 5-HT
of 5.HT nuclei (e.g., pomterior portions of raphe Izdlidus and sgonistr and an'.agonists. Briefly, the caroud sinus, aortk depre_or

obecurm, anterior portion of raphe magnus and dorsal and and vagus nerve* were exposed from a ventral mq_ct after reflection of
median raphe nttclei) elicits premor responses (Gillie el at., the cephalad portion of the trache* md mophalftm into the month. Th,
1976; Adair el al., 1977; Smite et at., 1978; Kuhn et eL, 1980b; carotid sinus nerve was |dent|fad at its junction with the glolopha-
Wolf el al., 1981b). The_e data suggest that 5-HT neurons ryngea[ nerve, while the aortic depremor nerve was iocatod at its
facilitate activity in central eympathetic pathway_ junction with the superior laryl_e -I nerve. The vague m was |so-

These extremely variable results undoubtedly reflect the lated in the midcervical region. Baroreet_tor denervation was eceom-
complexity of 5-1-IT neuronal pathways and their interaction plished by bdaterally sectioning tl_mm _ The dmxnrvstinn was

with the central sympathetic system. In thin regard, at least jud|ed complete ifSND we* not inhibitod durimqithe imp•mr r,-im_m
to i.e. norepinephrme (0.1 _g/kg).

three types of 5.HT receptors exist m the central nervous By•pathetic nerve reeordln|. The symlmthetie po_
system (Haigler and Aghajanian, 1974; DeMontigny and Agha- external carotid nerve w,m isolated distal to its junction with the
janian, 1977; Aghajanian and Wang, 1978; McCall and Aghaja- supermr cervical ganghon, lipted and sectioned near the carotid siam.
nian, 1979, 1980a). The fwst type of 5.HT receptor mediates an Nerve potentials were recorded monoplumically under mineral oil with
inhibition of neuronal activity in areas such as the suprlchias- a bipolar platinum electrode after tel•city coupled preamplificmtion
marie nucleus, the ventral•tern| geniculate and the cortical and (low and high half-amplitude responses at I and 5(}0 _ rmqpectiv_y).

basal•tern| nuclei of the amygdala (Aghajanian and Wang, Nerve activity wu displayed on the Gram polygraph and qmmtitatod

1978). A second postsynaptic 5-:t'1" receptor has been shown to with a Grams P710B cumulative integrator. In •tweed expel•eats,

facilitate excitetcr 7 inputs to motor nuclei (McCall and Agha- SND wu similarly recorded from the left sympathetic
janian, 1979;, White and Neurone, 1980). Finally, a third 5-HT ray•tar splanchr.ic nerve followin_ a retmp_i_ approach.

eats were artificially respirv_ after immobilLtatioa with _
receptor mediates a 5-HT-induced inhibition of serotonergic ethiodide (4 mg/kg i v.L __y was performed to mh,L.
neurons in the dorsal raphe nuoleus (i.e., a presynaptic or mize untoward respiratory _.
autoreceptor, DeMontigny and Aghajanian, 1977; Aghajanian Aeut_ drug treatments. MAP, HR and SND wee allowed to
and Wang, 1978). Classical 5-HT -ntagonists (eJL, UML, MET, equilibrate for i hr after tmrorecep/or dsnervation. Pretest•eat values
CIN and CYi)RO) fail to block either the presynaptic or post- for MAP, HR and cJ',D were averaged over the last 10 _ of the
eynaptic ;.nhibitory action of 5-HT (Haigler and Aghajanian, equilibration interval. Twelve vehicle control os_s wtm then treated

1974; Aghajanian and Wang, 1978). [n contrast, these ant•go- with an i.v. ;ejection of distilled watsr (n - 9) ov2.5% mom4dc acid (n

nists act selectively on 5.HT receptors to block the facilitating - 3). MAP, HR and SND wend monitored over the mmuing 2 hr with
action of 5-HT in the central nervous system (McCall and suppleewntsl vehicle beinl liven at $0, 40, 60, 80 and l00 min. Sinesno

Aghajanian, 1979, 19_0a; White and Neuman, 1980). differences werenotedbetween them two vehicle, the values obtained
from them two groups of experiments wars _ for co•parian with

The I_m.ibility exists that UML inhibits SND by blocking a the drug-treated animak
facilitating action of 5-HT on central sympathetic pathways. The 5-HT antagonists UML, MET, CYPRO, and CIN were •am-
However. the central sympatholyt;, lotion of methysergide has |ned under them mime conditione. UML. CYPRO and CIN were die-

never [)een shown to be related to IUI 5.HT-blocking properties, solved i,t I el/el of distilled water. The MET solution (0A_ml/nd in
If UMi. produced its depremor efftct via an action on the 5. 2.5% aRcorbic acid) w... used immediately since thin compound is

HT system, then t his would euggest that central 5-HT normally relatively unstable. The starting doses of UML, Me,"T, CYPRO and

enhances sympathetic activity. Therefore, to test this bypath- CIN were 0.025, 0.01, 0.06 and 03. mg/kg, tepees(rely, and the cumu-
asia. a number of stntcturally unrelated 5-HT antagonists were lative doae of each antagonist was doubled at 20-•in intervals. The
studied in control and PCPA-trested cats to determine their effects of them agents on MAP, HR and SND were determined 15 to

effect on ('entral sympat hetic outflow. [n addition, the effects of 20 •in after each do,m. In some instances the effects of the alpAa.2
.5-Meal )MT and list,ride on SNI) were al_o studied. These two adrenergic receptor agonist clonidine (20 Fg/kg i.e.), the alpha.2 adre-

nergic receptor antagonist piperoune (0.5 mg/kg Lv.) and the selective
age;ass have been shown to be selective 5-HT autoreceptor 5.HT autoreceptor agonists Ilsuride 10006-0.01 mg/kg i.e.) and 5-
agonies• which act to inhibit serotonergic firing (DeMontigny McOI)MT 10.Ol--0.06 mg/kg i.e.) were also determined. Them corn-
and Agbajanian, 1977; Kehr, 1977; Rogaweki and Aghaianian, pounds were die!red in 0.5 rag/el of distilled water.
1979L The preset study indicates that agents which act pro- PCPA-pretreated cats. In a ,,q)erate *erie* of experiment,, the

synaptically to inhibit 5-HT cell firing and agents which act effects of these same 5-HT antagonist• on MAP. Hi.t. and SND were

I)OSt.qynaptically to antagonize the effect ofsynaptically released decermi.ed in i'CPA-pretreated cat& Tt_e ca,- rm:eived 400 mg/kg
5 tit I)_)!h mediate a central reduction in SND. The,e data (i.p.I of PCI'A methyl ester hydrochlorkte once daily for 2 consecutive

_ugges! that central 5.lrl' neurons normally facilitate transmi.- day•. The 5-HT ant•genes• were studied m the manner described
sion in central sympathetic pathways, above 2 days after the last injection of I)CPA.

The concentre(inn of brain stem and spinal told 5-HT and norepi-

Methods nephrinewere determined in tats re_ivmg PCPA (n - 4) or the *aline
vehicle (n ,,, 4) for 2 conaecutive diD. Two day• afterthe hwt in_,t'tton

Anim,tl preparation. Sixty-two cats weighing between 2.0 end 40 the animals were anesthetized with Dtal.urethane and mounted in •
kg were ant_thetized by an ip. injection of a mixture of sodium atert-otaxk:apparat,,- Aftorezposure, the thint thoracic seltnment of the
dtallvlharhit.raee (GOmg/kg), urethane (240 ml/kl) and mennethyi- cord and a 4-me ,,lwe of the medulla at the lsvel of the ohex were

urea 1240 ouig/kg). The tat• were placed in It David K,q_"itmtruments retnn_ved end frozen on Dry It'*. Tlmue samliltm were weqlhed and
,saree(axle eplmratua , and a _m trachea tuoe v,s_ ineerted The homogenized in two 3-nd aliquot•of cold butonol.I m i ce.tnfuge tube
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containing 750 #d of 0.025 N HCi. 1i10 pl. of 0.1 N EI)TA. 10 pl of an verse the inhibition of SND produced by MET (fig. 2C) and

ucorbic acid solution I 11 mg/ml .n 001 N HC1) and .1 II o( Na(TI The the other 5-HT antagonist& in contra_t, numerous invemtigstors

homolgenizinglubewasthenwashedwith6miofcohlb_ttamd-t._utken have found that piperoxane raver•as the clonidine-mediated

for 30 mm and ('t,mtrifuged at :XXJ0 rpm for 10 mm The butanol-l pheme central reduction in SNI) ISchmitt cfal.. 1973, Kobinger. 1978L

was tramferr_l to • glmm-,toppere.d con_•l centrifuge tube containing "rhem_ remdt_ indicate that the decrease in SNI) produced by
17 ml of n-heptane and ,_JO p| of 0.1_1 N HCI. Tubes were then wwte_ed

b-HT antagonists is not due to any central alpha-2 adrenergic
and the phemm were aliowed to _eperale. The upper organic layer w,,

---pin, ted tnd di_arded The aqueous phase w_, collected _mJ tn agonist activity.

internal standard was •dd,_4. Bwtlenic amine levels were determined Table I mlmma_ the effects of theeAe 5-HT antagonists on

using a high pressure liquid chronmtographic system and an electro. MA_." and HR. The decreases in external carotid nerve activity
chemical detector (Bio•mtlytical Systems, West Lafayette. IN). produced by UMI, and CYPRO were smociated with signifi.

8tatlstleal analyals, t)ifferenctm tn mean arterial premure, heart cant. do•e-dependent reductiorm in MAI' and Hit. "i'ho_e drme_

rate and _ymlmthetic nerve dw_ha_e between the vehwle sad drug. of CIN which significantly reduced SNI) also produced mild
treated gr,)up,, were •n-.lyzed for •tal;..lical mgnificance by •n unlmired

t test. Both the absolute values and the changes from pretreatment

were evaluated. A probability level o( P S 06 w*s pnmumed to reflect 140_ _ _

statiatical aignifieance. Values m ezpramed as meea 4. 8.1_. / _VahicieResults _o I
Effects of _I,-HT antagonists in baroreceptor-dener*

vetted cats. The effects of the peripheral b-HT antagonists

zO IO01-UML, MET, CYPI_O and CIN on extemM carotid SND are
ilhmtreted in figures i and 2. UML (0.025--i.6 mL/kg, n ,- _).
MI_I" (0.01-0.32 mg/kg, n ,, 5), CYPRO (0.06-1.6 •g/k4, n -
5) and CIN (0.2-6.4 mg/kg, n - 4) dramatically reduced SND 80

in a rime-dependent manner (fq. 1). Maximum reductions in
SND from pretrestment produced by UML, MET, CYPR0
and CIN were 90. 72, 71 and 50%, respectively. Similar reduc- _ SO-

tions in SND were oh•erred in four experiments in which
CIN

activity was recorded from the sympathetic preganglioni¢

splanchnic nerve. The effects of _HT antagonists on SND are 40

even more striking when compared to the progressive increm

in nerve activity obeerved in vehicle control ,imals. Th, onast I _M--_%

of the reduction m SND occun'ed within ! •in •her the i.v. a0
injection of UML, CYPRO and Cll_, _vith maximum inhibition

observed 5 to !0 rain alter dosing. The unset of the sympatho- UMI.

iytic action of MET was dei_y,*,'. (i.e., ml_ •in) and the mazi- 0

mum effect was not obemrveduntil !_ to 9.0rain _Ler each dose. 0{0t 0A 1.o to.0
The delay in the onnet of the -ympe,holytic _'tion of MI,.'_'

correlates well with the delay of or•at of its r)-HT blocking DOSE. mfjIkg
action (McCall and Aghajanlan, 19_Ja). Figure 2 i|lustrate_ the FHi.1. Lo0 dose-response curve 0! the etlecls 0t MET.UML,CYlXO-

heal•rime (CYP) and CIN on external carol_l SND. The 5-HT antago-
reduction in external carotid sym_tthetic activity and ante- nlatl re_tuced SND slgnllicantly (*) while Ihe vehicle increased SND.
grated SNI) produced by i.v. M_" (20 pg/kg). ']'he a/pAa*2 Data were obl,dned 15 to 20 mln afte_ each doee. See text lot h_lher

adrenerlPc antagonist piperoxane FJ.6 mg/kg i.v.) failed to r,- detalta regardin9 dosing regimen.

A B C

CONTROL METERGOLINE PIPEROXANE

MAP 150[
(mmHg) 50 _

Pulssttle 175 Figure 2. Effects of MET (20 pg/k_ iv.) in

I baroreceplo_-4_enervated cat. Trscmgs fromBP _ L- _-- _ _ .... _ _-_ ..... _ " to_ to bottom are: mean artenal pressura, pul-(mmHg) 75_
saltle blood pressure, heart r_te. external ca-

HR 300[" ..... rotld sympalhetic nervous discharge lind tale-

(beats/man) :tOO t| grated SND. A. control; O, 15 min after meier-
ooime sdmmistratio_, C, 15 mm stte_ I_perox-

ane (0.5 mg/kg Lv., 30 mm after MET) Pq_

SND (pV) prOdUCed by MET. Ve_hcal csld)rstio_ ia 40 _V.
Ho¢tzontld calibraflofl is I mln.

Int SND /' /
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TABtE 1

Effect of INN'OtOftlnmntagon_tl on MAP and HA in I_roceceplof,.denervatecl cat8
Allvalk_eIre exl_esse_a_lman :1:ale P'r. pretre•fl_ml

V_ _ _ k_[T CYSt0 (:INL,m
T_e DoN MAP HR 0o_ MAP HR I_ MAP HR Omm MAP HR Dew MAP HR

van m/l_ m_/kll _/ql q/_ _ll/IqP
PT 120 248 119 251 104 255 122 260 135 243

¢6 ¢10 :1:4 ¢8 :11:7 ¢5 ¢10 ¢9 :1:6 :1:9
20 005 120 248 005 98" "" 216" "* 0.01 102 253 0.05 107" "" 253 0.2 131 238

¢7 :t.10 ¢3 ¢7 ¢6 ¢6 ¢9 ¢11 ¢.5 ¢10
40 0.10 120 248 0.1 95"'" 204" '" 002 97 250 0.1 103"'" 250"" 0.4 128 235

±6 ¢10 ¢4 ¢6 ¢8 ¢8 ¢7 :1:13 :1:5 ±9
60 0.20 118 248 0.2 91" "" 192" "" 0.04 95 248 0.2 100" "" 241" "" 0.8 124"" 233

¢6 ¢10 ¢6 ¢7 :1:8 ¢14 ¢4 ¢11 ¢6 ¢10
80 040 117 249 04 87"'" 183"'" 0.Oe 95 245 04 98"'" 233"'" 1.6 124"" 230

4"6 410 ¢6 ¢8 ¢9 :1:14 ¢3 :_12 +8 +9
I(_ 080 114 249 08 77" "" 178" "" 016 94"" 237 08 98"" 227" "" 32 122"" 226

:1:7 -110 +5 :1:12 :1:9 :!:10 ±3 ¢11 ¢7 :1:10
120 160 112" 249 16 75" "" 161 ° "" 022 86"" 225 16 98"" 219" "" 6.4 120"" 219""

±6 ¢t0 ±3 ±8 ¢6 ±12 ¢3 :!:10 ¢7 :1:9

• I¢,¢hcsms• elgntftcantOme¢ence{P S O6) tramI_mmmem vole•e; • • Indlcat_ • _ dtftwl_ce (P s .06) _ Its m_jnttueleo! thechangetam
PT inverde- anddrug-lremledanimeJe.

reductions in MAP which were significantly different from the TABLE 2
vehicle control treated cam. HR declined with all doses of CIN, Concentretk_ of 5-HT m_l S-hydrosylndokmcetl¢ ackl (IA41AA) Im

hut significance was limited to the highest does (6.4 mg/kg). ¢ontro4 ( n ,, 4) and PCPA-wetrutnd ( n - 4) ¢.mm
MET reduced MAP only at the two highest dos_ (0.16 and v,dmsame_mnwm, 8E.M.

0.32 mg/kg i.v.) and failed to aignificanUy -liar HR. MI,.'T _m C_ I'O'_,mm_

differed fn,m the other 5-HT antegnnists in that it produced an _ s.m S.H_A Sm S.HU_
immediate premmr response which lasted approximately 5 rain helm_ n_l_
after i.v. administration. If due to a direct yam)constrictor M.mu_ 121:1:0.54 7.47±0.73 285*0.70" !.15_t 0.32"
action, this observation could help to explain the relatively mild soma, 1e.4 J: 1.8 4. t2 t 0.23 4.34 a 0.62" 1.48 ffi0.4s*
hypotensive effect of MET despite it• marked inhibition of cord
SNI). • tnd_tm • _ _ m s .o6) eetwem m.ne- md pcP_-

Effects of 5-HT antagonists in baroreceptor dener- we,_tm an_,,m.

rated, PCPA-pretreated cats. The data presented in f'qjures

I and 2 indicate that UML, MET, CYPRO and CIN -II reduce to effect SND in PCPA-pretreated cste. The highest dose of

SND. Th#re is no direct evidence, however, to suggest that this CYPRO ( 1.6 mg/kg i.v.) did reduce SND by 36% from pretrut-

effect is due to their 5-HT.blockinll action. Therefore, the ment, butthtareductionwuneverthelemlilmificanUylemtlum
effects of UML, MET and CYPRO on SND were tested in the 71% reduction mn with the rome dote of CYPRO in

baroreceptor-denervated cats chronically pretruted with the 5- nonpretreated catak

HT synthesm inhibitor PCPA. In agreement with other invea- In addition to mverely attenuating the inhibitory action of

tigatorM (Koe and Weiasman, 1966}, we found that the con•an, the 5-HT antagonists on SND, PCPA pretreatment ahto mini-
tration of 5-HT and 5-hydroxyindoleacetic acid in the spinal mized their hypotensive action. Low doses of UML (0.05-0.4

cord aml medulla was significantly reduced in cats treated for mg/kg i.v.) failed to reduce MAP and HR. A significant de-
'2 days with 4U0 mg/kg/day of PCPA i.p. (table 2). This PCPA premor mponse (-23 mm Hg) was observed with the 0.8 and

regimen, however, did not affect NE concentrations in the 1.6mg/kgdommofUMl. This was accompanied by a sisnificlmt
mt_luila or the spinal cord ,ignificantly. The I_CPA-pretreated bradycardia (-57 baste/rain). MET failed to alter MAP or HR

cats (n - 4) had significantly lower starting MAP valuen (100 in PCPA-pretreated cat•. Higher dons of CYPRO (0.2-0.8 rag/

± 7 mm Hg) than mmpretreated control cats (119 ¢ 3 mm Hg). kg i.v.) produced _,snmU but algnificant reduction in MAP (-15

In contrast, there wa_ no significant difference in the heart rate mm Hg). The hilhem doe• of CYPRO (i.6 mg/kg) failed to
of control (254:1:4 beats/rain) and PCPA cats (245 ± 11 beats/ reduce MAP wh_,n compared to pretreatment values. HI4 was

min). not altered by any datum of CYPRO.
The effects of [IMI_ ME'r sad CYPRO on SND in PCPA- To confirm that SND could indeed be inhibited in the_e

I)retreated cats are illustrated in figure 3. intrevenotm UML i)CI)A-pretreated cat& the alpha.2 adrenergic receptor agonmt

(0025-1.6 ,ng/kg. n - 5) and MET (0.01-0.32 mg/kg, n - 5) cionidine w_ adrnmistered at the conclusion of each experi.
fa,led to reduce SNI). In fact, external carotid aYmimt.hetic ment. As previously reported (McCall sad Gebber, 1976; Ko-

nerve activity act_,ally increased nignificsntly from pretreat- binger, 1978), i.v. cionidine (20 /_g/kg) produced a transient

meat with high d.._a of [IMI, (0.4-0.8 mg/kg i.v.) and low prewar re,parma which we followed by a long-lasting decrease

(h,ses of MET U).01-().04 mg/kg i.v.). The chsnge_ in SNI) from in MAP (- 18 mm Hg) and HR (-75 beats/rain). AJ_ilhmtreted

pretreatment _een in the PCPA-pretreated cats were uniformly in figure 4, clonidine aignificsnUy decrea_d external carotid

s,gnificant from the re(hwlion_ in SNI) previously noted in SNI) (-73%) in i)Cl)A-pretreated cats. This observation sup-
n-nprelreat_t cat, with each (hme of IIML and MET. l_lw and Ix)tie the contention that activity recorded in PCPA.pre :eated

middle (l,,_e, of CYI'itt) (I).05-0.8 mg/kg, n., 4) likewise failed cat, was of sympathetic neuronal origin.
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Fig. 3. Log dose-response curves of the effects of UML. MET and CYPRO on SNO in PCPA-pretreated and nonpreWeated cats. 5-HT anlagontsts
tailed Io reduce SND in PCPA-I_'elrelIId inlmlds. ,kxllcalee ittMlcal dtfhlnmce Irom i_re#elllmenI.

A B C
PCPA CONTROL MLrTHYSEROIDE CLONIOINE

MAP 1501 l _
(mmHI) SOL /r_ "

Puisatilo 17st _ Fig. 4. Eff.tl of UML (1.6 rag/k0

/ mt-------- Lv.) and ctonldtne (20/4g/kg I.v.) in
BP I nil I PCPA-grotrealed cat. TrscinOI from

(mmHI) 25 L top to bottom are: mean arterial

280- sure, polset|le blood pressure, heartHR [ rate, sympathetic nervous discharge

(beItslmln) 150 L and mtegrste<i SND. A, PCPA-We-
" treated control; B, 1S mln after UMi4

I I[,_JJ.._ ,.., .r,_,.J. LJa_.,LJ _ " ' .,Is |..dd_v_, f C, ck_,dlne. 20 m+nafter UlVlL. UML

Islied to reduce SND. CtonKline in-...,.,..o,..,
I I

F.fl'eel_ of" S-lIT al(oniet_ In baroreceptor-denervated (DeMontigny end Aghejanian, 1977). [.isuride (,%-I0 l_gll_ i,v.;
eatu. ,5-MeOI)M'I" and lmuride have been shown to be 5-II'I' n -. 4) al_o rapidly deprosm_ MAP, HI{, and _ND (fig. 6). I.ike

aKoni._ whit'h Imm_em, a relatively high degree of specificity for ,5-MeOL)MT, maximum reductions were observed within I to
the h-}l']' autorecept_)r. '/'hue, low doses of theee agenta dr a- 2 mLn alter do_ing. However, MAP, HI_ and SNL) remained

maritally inhihit 6-FIT cell firing, but have little effect on depremmd throughout s l.hrobservetion period. Dreviousstud-
l.,.L_ynal)tic inhibitory or facilitatory recepton+ (l)eMontigny it.s have indicated that lieuride (6-10 FK/kg i.v.) pn)duce, a

and Al_hai_nmn, 1977; Aghajanian and Wang, 1978; McCall and similar long-lasting inhibition or 5-HT ceil di.charges in the
Aghejanmn, I.q?.q, 19I'_)h; l_ogaw.ki and Aghejanian, 19"/9). Fig- dorsal raphe nu(:leus (I{ogawski and Aghejanian, 1979). ']'hu_,

tlre ,r) |Ih|.trales that ,_-MeOI)MT (10-50 /ag/kg i.v,; n .- 8) the sympatholytic time courie of'both of these _-FI'.r" sI_oni.t_
dr.matic_lly d,.¢reae#d MAP, HIi and extemel carotid _N[). correlates well with their duration of action on central 5-I-{'["

,'.;NI) were maximally reduced within I min after 5-MeODMT autoreeeptors. The .ympatholytic ectiorm of 5.MeODMT and
and remained depreae.ed for I0 to 20 rain. Thus. the time counm lisuride could not be prevented or reversed by piperoxane.

of tlzm depre.,_)r re.I)On.e correlatea well to the published time However, u illuetreted in fil_re 7, lisuride (5.-10 #g/kg i.v.)
r.ur.e of del)re..ed I')-IlT cell firing elicited by 6-MeOI)MT failed to reduce external carotid _I_ID in cats pretreated with
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CONTROL LISURIDE, 6 pg/kg LISURIDE, 10 pe/ke

MAP t50F
(mmHg) GOL

Fig. 6. Effects of lisur_de(i.v.) Pulaetlle
in barorecepior-dene_ated cat. BP I I ......
Tracingsho,'n top to bottomare: (mmHg)
mean arteriei pressure, pulsatile

bloodpressure,heartrate, sympa* HR 200rthelic nervousdischargeand tale- /
grated SND. Lisuride reduced (beetalmln) IooL
MAP, HR and SND in I

pendenl manner. Verticalcalibre- i R , .

lionis 40 pV. Horizontalcellbcetion , , _._ ,.., ,,_ _,_ ,,ik _
i8 1 rain. SNO (_V)

.,...,//////,
I I

PCP^ (n * 3). Thi_ observation supports the contention that Taken together, these oh_rvationa indicate that UML, MET,
the inhibition of SND produced by lisuride and 5-MeOL)MT CYPFtO and C[N act centrally to reduce sympathetic nerve
was se('ondary to a decrease in 5-HT ceU firing, activity.

Previous studies indicate that i.c.v, administered UML pro-
Discussion duces hypotension end bradycardia (Antonaccio et aS., 1975).

In addition, UML has previously been shown to rt,,duce SND
The 11,re_zent investigation was desil_ned to determine the r_ile (Antonaccio and Taylor, 1977). However, these studies did not

of central 5-HT neurlms in the regulation of blood l)res_ure by indicate whether UML was acting to decr_aM sympathetic
st.zdying the aerie, of 5-lit sgonists and antag(inists on sym. activity l,ia its 5-HT antagonist property. In the present inves.
l),lheti(" nerve activity. We found that the 5-HT antagonists tigalion,severalobservationssuggestthatUML, ME'r',CYPl[O
UMI., MET, CYPI(O and CIN dramatically reduced SND and CIN reduced central sympathetic outflow via their 5-HT-
recorded from the external carotid nerve of baroreceptor-de- blocking actions, First, each of these agents has been shown to
nervated cats. The fact that these aKenta also inhibited nerve antalronize both the peripherad and centz*l actions of 6-H']"
artivity recorded from the preganglionic splanchnic nerve in- (AKhajanian et of., 1975; McCall and Aghajanian, 1980s). $4,¢.
dicates that a sympatholytic effect of theme 5-HT antaEonists end, the fact that UML, MET, CYPI_O and CIN at] reduced
at sympathetic Kanglia is neKliKihle. In this relard, hexametho- sympathetic nerve activity suuests that they did so by a
niun, fails to inhibit ._iNl) rect)nled from the _planchnic nerve, common mechanism (i.e., 5-HT receptor antalp)nism). In this
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to boltom are: mean arterial pros-
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(beatslmin) 150 [L- discharge and mtegrete<l SND. Lis-

uride (5-10 _o/ko) tatted to reduce

• zontsl caUbr•tlon is 1 men.
SNO (#V)

,n,s.o///////,
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LISURIDE, 6-MeODMT also produced • reduction in MAP, HR and SND by an action

UML, MET, CYPRO, CON highly selective 5-HT autoreceptor agonists which inhibit the
diecharges of 5-HT cells. Aghajanian and co-workers (De-
Montigny and Aghajanian, 1977; Rogawski and Aghajanian,
1979) have demonstrated that the duration of the 5-MeODMT-

induced suppression of 5-HT neuronal firing is relatively short
(Le., <20 men), whereas the duration of action of lisuride is

much longer (i.e., >I hr). We found that the depnmsor response

produced by 5-MeODMT lasted I0 to 20 men, whereas the

Fig. 8. Model del_ctmg s possible interaction belweNm 0erolonergk: aympatholytic action of lisuride extended for at least I hr. Thus,
and central sympathelic neurons. Dashed llne indicates s possible the correlation between the duration of the depression of sym-

polysyneptec pathway. The sympathetic neuron rel_elNmts I neuronal pathetic activity and 5- HT cell ruingsuggeststhat 5-MeODMTnetwork involved ,nthe genesis of sympathetic outflow. Lisurkle end 5-
MeODMT act al the 5-HT aurar•captor to inhil_l serotonin firing re- sad lisuride depres_d SND via a direct action on serotonergic
suiting in a decrease in SND (disfecilitation). 5-HT anlagonisl acts neurons. This contention is supported by the obeerv•tion that

postsynaptically Io block the excitatory effect of syneptically released depreseor rag'.one.s produced by 5-MeODMT and Iburide
5-HT on sympathetic pathways. Thus, 5-HT mmrons lactl(tsle SNO. could not be prevented or reversed by piperoxane. Thus, 5-

MeODMT and l_suride were not acting um edrenergic roach•-

regard, there are no other known pharmacologic properties nisms, in addition, since both 5-MeODMTand lisuride reduced
common to all four of these structurally dissimilar agents. SND, it hi likely that they did so by their common ability to

Third, we found the onset of the sympatholytic action of UML, inhibit 5-HT cell firing. Finally, lisuride failed to reduce SND
('YPi{O and ('[N to be rapid, while the onemt of action of MET in I'CPA-pretreated cats. Combined, these observations aup-
wa._delayed. "l'hi.s agrees well with the time course of the 5-HT port the view th-t the inhibition of SND producedby the 5-HT

antaKun_l •(lion o1"these agents in the central nervous system •utoreceptor agonists 5-MeODMT and iisuride was • conae-

IMcCall an(t Aghajanmn. 1980a). Fourth, the effects of UML, quence of their inhibitory actions on 5-HT neurons.
MET and CYI't(O were mKnificantly attenuated or prevented "]'he present study may shod light on the role of central

in cats deplHed ()f 5-HT by pretreetment with the 5-HT syn- serotonergic pathways in the regulation of blood pressure. Our
the.i, inhd.l,., PCPA. in (-.ntra_t, the alpha-2 adrenergic data suggest that 5-HT neurons act to enhance sympathetic

against clomd,ne redu_,ed SNI) in PCPA-pretreated animals, o.tflow from the brain (fig. 8). First, 5-HT antagonists inhibit
Finally, the .IpAa-2 adrenerl0c receptor agoniMt piperoxane SND. _ince it has been found that these agents block the

faded to rever_, the central reduction in SND produced by the p(mtsynaptic excitatory hut not the inhibitory effects of 5-HT
5-1 IT antag(.n|_ls. "]'hue. t ;MI.. Ml.Yr. CYPttO and CIN did not •t nerotonergic receptom (Haigler and Aghajanian. 1974; Agha-

l)r.)(lu('e their central ,ympatholytic effects ma •n ulpko adre- jan|an and Wang. 1978; McCall end Aghajanian. 1979. 1980e).
nergw mechamsm. Taken together these otmervetions stronKly it is likely that tiM[.. ME_'. CYPR0 •nd CIN acted post-

,uK_(e,I that tIML. ME'T. CYPRO and CIN reduced SND by synal)tically to •ntegunize the ezcitetory effect of synaptically
elltagonizlnK the ee.tionn of 5-lIT in the central nervous nystem, released 5-HT on central sympathetic neurons. AItem•tively.

I.ow dtme_ ()f liaurt(|e end 5-MeOL)MT in the prNent study 5-1 IT might inhibit an inhibitory intemeuron which projects to
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sympathetic neurons. This Doesihility _,emx unlikely, however, Aek_wledllmCmto
since 5-HT antagonists do not block the inhibitory actions of 5- we thank J. Bye for typing thil mammcript, in eddittcm, we m Fxtebtl to

&redes}'harrneceuliceht,}ianever, NJ, for their lenerotmcemributinnof moth-
tiT (Haigler and Aghajenian, 1974). Second, the 5-HT autore- v_rgule; to Parmitolia, Milan Italy, fornwtmrllofine;to K R. Squibb& 8ore.
captor agonist_ ii_uride and 5-MeODMT abo inhibited SND. I'nm-eto_ NJ, for ¢man_.ti_ to M._k & Convey. I_thway, NJ, fw cypmh_
These agents have been shown to mimic the inhibitory effects tadim-; to .qcherinl CAwporxtkm,Ktmilvnwl.h,NJ, f(w Imuride;to Bo_4wint_

of 5-HT released from the terminals of xerotonergic axon col- InlMh¢im I_td' _lm'_f°rd'NY'f°r¢l°mdm;sndtoRlum*'PNknc'Pmia'ltmaet'for p*pete_m.
lateral_ (fig, 8), Our data are consistent with the possibility that

lisuride and 5-MeODMT stimulate the autoreceptorx end thus Iter_-eu

inhibit 5-H'I" cell firing. In turn, SND would be reduced through ^o4,a, J It., H_u.._o., B. L..qc._,.ncc, K. A., !!-,-!. C. J. _._ Gn.l_ it
a process of dMacilitation. The observation that mean arterial ^.: C.nlm_t_lffir rm,om_ to el.¢t_al _ttoe o_ th. m, dull_ mph,
pressure was significantly reduced in PCPA-pretreated cats _m of the eeL Brain _ I2R: 141-14S. 1977.

AOt_,_ANnA_¢,G. K., HAIm.glLII. L. A_D Bim_zrr, J. L.: Amine _ in
when compared to control animals aim suggests that 5-HT CNS. IlL $-Ilydmzytryptomine m b_i_ In: Handlmok of i_y_,L..f_atqmat_-
normally enhances activity in sympathetic pathways. Thus, the ogy, ad. by L. L. Ivemon. S. D. hm_m and S. H. &hyde, veL It, pp.
data in the present investigation support the idea that central plenum PrmL New Ym,k, I_PJ.ACX&JAmAle.G. K. A_n W_G. R. Y.: Phymofolyand phammcoloayof central
5-tiT neurons enhance sympathetic outflow in a tonic manner. _.roto_t_c ne.m_ In P._hop_nm,mlo_. A Gemr.t_,nof_ ._
Interestingly, recen! work in our laboratory indicates that hyM. A.l_m.A. DiMmcinandK. l_.Killma, p_lTl-i&l._Pm_New
highly selective alpho.l adranerg_c receptor antagonists (e.g., YoA, i_s.AwronAt_o, M J., KIL_V,E _Nn HAQ.gV,J.: Camtndlymmli_tadhypotmm_m
prszosin and WB-4101) and alpha.2 edrenergic agonista (e.g., and brndycmiin by m_nhymq_t* ma_ de_ _. J. _ _:
chmidine) also act centrally to reduce sympathetic outflo'w. 107o117.197S.

A_O_ACt'IO.M. J. A_O Rouo_, It. D.: C_.aediovueulart.ffK'_ of &hy_
Thus, it appears that central noradrenergic neuron& like Nro- tophan in an_th_tla.d doll J. Ph_rm.I'hamu_. lit: 4eb-4_, 1y7_.
tonergic neurons, facilitate sympathetic nervous discharge AlerO_ACt'lo,M.d.A_0Romm_.itD.:C_mtr_lym_di_t_mml_'_e_

(McCall and Humphrey, 1981). d b-hydmzytryptoplumin MAO-inhibit_l do_g Modification by Imtmmmig
The model presented in figure 8 may help to explain mma of sntasont_t_ Arch. Inl. Piutrmacz_y_ The. I11: 200-210, 1_7&AwroNA¢'t_IO,M.J. ANDTAYt,OX,D. G.:Pmductinnin blood p_mum, _almthetie

the extremely variable observations that have been made re- •.rye diaclmrp, and centrally evehmi p¢t,m_ rmptmm_by nmthym_id# in
anaCheliz_leats. Fur. J. Pharmaeei. 4l: &ll-_ IW?7.

garding the role of central 5-HT neurons in blood pressure I_uu, T. A_D SxSO_aIaL A. T.: Inhibition of _l'_.m_t _ympaUm¢_
regulation. For example, the effect of 5-HT and its precursors nct;_y by _-hydmaytryptoplum and c_mtrallyadmmimm_l li_h_
on SND would be dependent on the site of administration. If mine.N_ura_ 14:227-233,197_
centrally administered 5-HT acted primarily on _erotonergie Bomtwaa. p. s_m.. S., Pgrm_., I_., _Lvmrr, O. Tomun, M. t.nJouvz_, M.: Th. raph_ nuclei of th* cat brain _ A leWoln,phinsl sum of
cell bodie_, the result would be an inhibition of 5-HT cell firing their effenmt pmj_ctiom m _ by Nt_l_y. Brxm Ra_ i I_h 44_-
and an a_ocmM dixfecilitation of sympathetic outflow. In _ i_Te.

CxzmgatNmu, K, R_lxu, A. J. A_n Ib_mzo.M. A.: _ dkmm._tiea-
contrast, if the major action of 5-HT was on pmtsynaptic indeced c_ in c_tnd mmtomnlie _ Eur. J. Phammm_ _: 116-
neunma, then one might expect to see an increase in SND and I_, tee0.
MAI'. Alternatively, or in addition, the variable effects of 5.HT DAatwraott, A. ANDI_Uxg.K.:Eviden_ f°r tim eai_tnte_ of mmmamimtmumm

agonists on MAP might result from a dual action of 5-HT on in the central nervmm wymem:II. FApt_mm_tolly indut_d chanln in Uwintrlmeuroemlmine levee-of Mb_M _m _ A_ Phwi_.
symlmthetic outflow. It is possible that depending on the ate, _4: _uppt.24"1,1-36, 1165.

5-HT nay either excite or inhibit central sympathetic activity. D, vut M., A_r_cx.., D. I., Ga.mu_a, P. M, _t ._g_0_, D. -q.: 8-Metho_y.N,N-din_&hyllXyl_amine: 8pi_ eord and I_ainstom msdinUo_ of
In this regard,, Davis et el. (1980) have _mwn that 6-HT in the .c_to_ ofy_-t_ era•emmuc _att_. I_ho_ 'tO: 123-130, IgOr.
brain stem and spinal cord facilitate acoustic startle, "_,dle 6- DaGaoAY, W. C. _¢n R_At_ R W.:Anmteitatm'yact.mofb-hydt_tyt_
HT in the f-rebrain inhibits startle, o. aymi_O_k p_pnxlinnk _ Rap. Br_a R_ 1: _ I_e't.Dl_MoN1"t(;l_'t'.C. ANnAGaAJANIAN.G. K.:Pr_emtml aetinn of 5-methoaytrylp-

In the present study, we made no attempts to localize the tam|he and_-mthoaydinwthyl_mum on prmymtpUcmrotomn
sitel_) at which serotonergic neurons impinge on central sym- A ctmlimrativetontoldm_qt¢ atudy with I-qD and mrotmmt N_-

oKv 1l: 811-4518, 1977.

pathetic pathways. Hnwever, since all experiments were par- DUNSLF:Y, I_., SANGHVL !., _alI_DMAN, !'_ AI_D GglUIHO., S.: _ of

formed in baroreceptor-denervated animals, it appears that 5- I_havkwalandcanJiova_culareff_'taofL-L_)PAsnd b-HTPineomcmwdop.

HT sgoniats and antagonists do not stimulate haroreceptor I,,y__ogi. zl: tel-lr_, 1972.
VINCN,L: T|m cmMinvmaculateffectaof intrmventricu]ar5,8-dihydmz_bm

afferent input, Anatomicslly, _erotonin-containing neurons in in _,_u_ hymm.n.tv, rat*.C,n. gzp. _. Phy._. z: _ 197s.
the medulla project to sympathetic preganglionic neurons in I_uzg, K: Evidencefo¢tlw_tmte nt_eofnm¢ttmmtnemmrtwainttmCN& IV.Th_

the intermediolateral cell column of the spinal cord (Daldatrom d..nbettoa of moan•rome tcrminab in the CN& Aeta PhymeL&umd 14:mtl)pl,24T,38-ik5,11166.
and Fuxe, 1965). l)eGroat and Ryall (1967) found that lento- o..,.,_ It. A, |llu.ag, C. J, IIAmI.VON,R L. ANn MonasNamm, V H.: CAu'dh_e
phoresia of 5-11'!" onto sympathetic preganglionic neurons ex- arrhylhmum IW_Wluc_lby elt-ctrk'al _tm_mlatkmof the mtdbram raplm In the

cat. Neurtmt'LAlxtlr. :h 74, 1976.
t'ite(I the_ cells. This observation is consistent with the view G._mzs_, M. ANnKLVPP,N: Cardmvmcular eff_¢taofmmmtoxi¢indolethylam-
that 5-11T enhances sympa:iteth' outflow, possibly at the level ine_ Aen. N.Y. Acad. 8ci. set: 4.57-4"?7,1978.
of the spinal cord. More recently, it has been demonstrated that ilAIGt.tm,Jl J. ASOAOt_AmAN, G.K.:Penptwral estonia antogenim_ Pailum

1oant•gents mroumm in brain mm mc_ivmI • peominm_tam'etomn,lg inpuL
micro|ejections of 5-I iT into the area of the nucleus tractua J Neural "rranxm.$6: 2fi7-273, 1974.
s_ditarius and the anterior hypothalamtm/preoptic area pro- ItgLgg. C. J., Qug_r. J. A. and Glt.Lm,R A.: Efl'ectxof mmtm_in antaWnimJon
duced pre.,_)r reslxmses (Smite and Strnyker-Boudier, 1976, digitals-educed ventncul_r atrhythmu_ Fur. J l_mrmaeol. 4"/:443-449, 1978.HKNNING,M. AND|tulnLqst)N, A.: I_l'm'l_o1"b-hydmaytryptophan on arterml
and Wolf et el., 1981a). Clearly, more experimenls are required hloo_ prmeur_, bod3_temperature and tiaras nlmnoammm in the rat. Acto
to tdenllfy the sites at which central 5-HT neurons influence |'h•rnt@¢.of.ToI_. _J: 14_.-1_4,1971

svml)athetw outflow. Finally, n)ore studies are necessary to lye, A. _ND.qCttAmtglt¢_,N. M.. Central nervmmsyutm nwchanimm _hht• for hkmdprt*mureelevxti(minducedhy p-chlol_qph4myinhmine,J. l_hamulcol,
dt'tel'lltine whether Ihe 5-HT recel)tor which mediates the F_p Tlwr tat: 6.'_-74,1972.
enhancement of central symlmthetic activity acts by facilitating K_.._, W. Effect of lamnd¢ and oth_ eqgo¢ th,rivattvm on mommmtneqpc

nw_hmnlmt_m rat brain. Eur. J. l_mu'm_K_Ol.41:261-2./.'I.1977.
excitatory inpuLs, as in the facial motor nucleus, or by a direct Kt,.t.c._s, W : Central a.adr_nerl_ am _' tarlg_tofor hypetmmw
t,x('llat,,ry action on central symlmthettc pathways. It.v,Phy,mt. Bin_h,n.Iqummeet St: _0-i0e, I_S.
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st,mulati_m of the" dotal a_1 median rnphe rm('lei in ane_lhetmed ram J. synlhe_m in brain and spinal t'ord of )qmnil, nfnmtall_m0_y h_p_rtenmve n.z.
Ph_lm_ol I':ap "]'her 214: 40.3-4H_. Iq_r;h I"ur. J I'h_rmacnl 113:301-.1_, I.q'/9

i._,aUl_l_l",(;, I_IV.I)I_AN, K ANn (;I<LqXON, _ Cemmny medmted emrdkwlmeul_r Hq_m, J F. Asp ,_I'#IJVKI_n-HOUPlEIt, H. A.. Intrah)'polhaimm_ immtoqin lind

rMporme_ tn S-|{T |Jf'_ ._ci 1'/: 91_>-.v/2_,1975 eardmYam-ular r,mtrnl In rata. _rain I(en I ] I: 422-42"/, 19"/6
M('C_I.L. H 14 _NI, A(;HAJAnlAN, (; K. ,qerotom'rlk" f_rilitetinn of fa4rial _Mm, J.M,VAnF_nZ;N,H Awo14Tl_,IrlzKn-/4¢)umlll.,li.J:._-mtonin-medialx, d

mo¢oneuron ea_'ilat_,m Hrmn Kes Ill: I 1-27, 1979. cardmvam'ular r_l_nm.. M)eiecLrk:al atinmlatm o( the raphe nuclei in the rat.
M('('AI.L. I{. _ AND A(;HAJANIAN, (; K I'hamu_'ololl_'ml chm-_-t_rimtion u( I.ife N_| $3: 173-17H, I.WTI_.

nernlomn re_.ptoru in the fatal nmte_rnu_-leu[ A mz_romntruphoreti( _udy. TAI)F.PAI.I.t. A _, MILl.q, I':. AND _('NANnERG. S. M; Central depremion of
Fur J I'h_rmavol. aeS:175-1_:1, I_l_z _-mfotidbnn)req'ept4)r i:rPm_r _l_on.q4e.arlrrial plqe_mrl and heart rite by 5-

MII.'AtJ., 1( fl AND A(;HAJANIAN, (; K.: llmllu_in(q_em potentiab_,mq.,n_e_ to hydroxytryl_oph_n: InfluenCe of nUlWZeollK'ularmn_mmof l.he brain. J. Phmr-
ner_)t_m00_and norapinephrme nn the (a('mJmutor nucleu_ l.iro ._4_i.]HI: 1149- me(d Pep. That. _I02: 310-;119, 1977
1156. |.q_d)tl WHeel%_ |( Ann NEIIMAn, It _.: Ym-ilitation if'n1..,01 motoneurone elc_tabi]ity

M('('AI.I.. 1( H AND (;I:.BIIEIt, (;. |,.: [hfl'_.reqtml efl'c,_'tof _ptnlr r_fleira by _-hydrnzytryplamine and noradrermline Hrain I(_. |l_q: I 1_-12"/, 19_).
_nd clomdtmP on freqnen('y componenta of' *yml_thet_ dm:l_rl_. Eur. J. WIN(;, |. M. l[. AND (?HALMIrR*q, J. P,: Pnrtlrip_tmn of rentral _rot4merltiC
Pharma_'nl _MI:f_-TH, 1976 neurorm in the control of ©lrculltion of the unanorthetized rlbbiL Cin:. Ror.

M('C',_LI. R H _ND }II_MI'HRIZ't, .q J.: k:vid_-e foe i e_mtraldepemmr _ It $$: M14-6|3, 1_174
l.mtSVlmlptl£ n,-Idrer_rl_l_ ml.pt(N' antolp)nilul. J. Auto_l. Nm. _it. |: _-_I, WoLl_. W. A, Kt_HN, D. M. Alan [_OVlmlll_l_. W.: Rlo_d _nl nm_0mNe to
l.ql_l loc,alalq)lieetirm o( _erotunerlL_ alema in the nucknm uact_ mAitani. _m.. J,

M('('UBnlN, J W K*.14_no. Y *No P_nzz, I H: Al_ity of merotonm and Pherme_,l II!1: 291-_, |gHIm.

m_refnnephrme to mmm' the central efft_ta of _ on vam_totor activity. Wt)L_. W. A. KI_HN, D M. AND I,OVI[NmKR_I.W: Premor etTt.t'taof" (k)rml rnphe
('lr_ Hem ll: _4,q-_'-_, lg(iO _timulation and intr_hylpmthmlmmi_ mpplicctm of aerotonin m the qp_tta-

MYl:na. M (;. I(l:.l¢_. J I_ _n I.l:.Wll_,P. J _ effect of' ('entruJ mro¢onm ne_"ly hylzertetw_ve rat. Hrmn |tel tell: 192-19"/, 1981b.
deplelmn am D(X_A._J_rm hylpe_ m the rat. Cludk_m£. _ 8: _ Y_l_unl, Y0 I)v. Jo_t; W., YAmAnl. I!., [.OV[NIIIZlZO, W A_I) L_OlZltlI_I_, A.:
BIO, I.q_/4. _JTet'tao( I.-DOPA and mhibitmm (d' dk,enfl_:yhme and monn_min_ olidaum on

N4N_oo, V F., Rwnt_.LJ_._.._., BZmARmO_Z,R. _. *,wn P.mL_. C J.: Anlpo- br_in non_ren_line levelz and blood premura in q:mlnLalwou_Jyb)']xllr14_fll
tennm rql_lat_ rolem --'_da)'nthui_ u(mft4onm in brmm. &'brace lWmdz. DC) rlta. J. PharnL l)hanlmeof. 24: eBo-e86, if72.
|(I:I: i0_ii-i0_1, Ill/H.

Nol_, P L: The eff_ta of NfoUmin prorvnm_ o_ the premor r_._eme to
mu_v_.u_ clunidin* in conrmw .,- C'li_ I_p. P_,,'e,,_i. Phenol. 4: _?1-

S_3. 19"77. Be_d neprlnt requetto to: Dr. Roberl B. Idc'('_ll, The Upjohn Comlp_ay,
PAt.luvrra, M, RltOW_rrl_.m, M. ANn [q_*vlzDIt_. J. M.: .qefe4mun o_t4mt of' Clrdiovuc-ulor Dimma_ Hemm_h Unit 7243-_11_3, Kalmmau_0, M] 4_001.

the bnltn IKenl ll,ul_lel in the rat Brain Re_ INI: 23"/-:1419.11"/4. e


