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STUDIES ON THE EFFECTS OF p-CHLOBOMEBCURIBENZOIC ACID

AND OF METHOXAMINE ON ATtsIOVEN1tsTCUIAR 1tsANSMISSION

R. Greenberg

ABSTtsACT

Blockade of atrloventrlcular transmlsslon by p-

chloromercurlbenzolc acld. (p-CMB) and potentlatlon of thls
effect by methoxamlne were stud-led.

p-CMB (zo-eo ng/uÐ caused atrioventrLcul-ar (AV)

nodal bl-ock ln pentobarbltal-anaesthetlzed dogs. Methoxamlne

(0.4 or l-"6 mg/ug) glven before p-CMB lncreased. the lncld.ence

of AV-nodal block" This potentlatlng effect of methoxami-ne

was not due to reflex effects whlch al-ter sympathetlc and-

vagal tone to the heart.

The pressor response to methoxamlne was not correlated

wlbh the lncldence of AV-nod.a1 block. Thls lndlcated" that

factors other than the pressor response are lnvolved- ln bhe

potentlatlng effect of methoxamlne 
"

p-CMB (eo-go ng/ug) lowered the systemlc arterlal
blood pressure" p-CMB (ZO ng/uÐ caused- a signlflcantly
greater fa1I l-n the methoxamlne-pretreated dogs " The fall ln

blood pressure was slgnlflcantly greater and- the flnal level

of the blood. pressure was slgnlflcantly lower 1n those dogs

subsequently developlng AV-nod.al block af ter p-CMB (ZO ng/Ufl 
"



Thls was not the case ln dogs wlthout vagal or sympathetic

lnnervatlon to the heart"

There was no relationshlp between changes ln heart

rate from elther methoxamtne or p-CMB and the incld.ence of

AV-nod,al block. This suggested thab bhe heart ?aLe is not

lnvolved. ln the potentlatlng effects of methoxamlne.

p-CMB (zo-eo ng/xg) slgnlflcanbly lengthened- the

P-R lnterval wlthout causlng any change ln the duratlon of

the QRS complex on the electrocard.logram" Methoxamlne

(0"+ or 1"6 ng/uù ¿ta not slgn1-flcantly alter elther the

P-R 1-nterval or the QRS complex " Howeve? a slgnlf lcantly

greater lncrease ln the P-R lnterval 1n response to p-Ci{B

Qo ng/kÐ occurred ln dogs glven methoxamlne (0.+ or 1"6

ng/xg) bef orehand..

Methoxamtne (0"+ mg/uÐ or p-cMB (5-+o ng/kg) pro-

longed" the functlonal refractory perlod of atrloventrlcular
transmlsslon (F'np) ana lncreased the cond-uction tlme of

atrloventrlcular transmlsslon (CT). üIhen the lncrease ln

blood- pressure d.ue to methoxamlne was prevented the

prolongatlon of the FRP and- increase ln CT was less"

Mechantcally lnd-uced- lncreases 1n blood pressure

slgnlflcantly prolonged- Lhe FtsP but d.ld not lncrease the CT"

It was conclud-ed that p-CMB caused. AV-noda1 block

by d-epresslng atrloventrlcular transmlsslon" Thls

d.epressant ef fect of p-CMB was potentlated. by methoxamine



ln two ways. Flrsb, by the

mebhoxamlne and- secondly, by

caused. by methoxamlne"

d-irect d-epressant effeot of

bhe rise ln blood. pressure
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INTRODUCTION



A" HISTOBIç4I, tsEV_IEl{

1" The Card,lae Toxteltli of O_rganf_c Mefcurlalq

In l-922 Salanb and- KlelLman (f ) d.emonstrat'ed. t]naí

organlc and lnorganlc mercurlals were t'oxlc to the card.lo-

vascul-ar system. They found- that the lntravenous

ad"mlnlstratlon of acetate, succlnate or benzoate of mercury

to cats, d,ogs, and- rabblts, prod.uced- a marked fal1 ln the

blood pressure followed by resplratory depresslon" They

observed- also Q) that when mercuric chloride was given to

the lsolated perfused turtle heart the amplltud-e and.

frequency of contraction were decreased" Thls compound. also

prod.uced. what the authors bermed rrdelerlum cord-ls" (ven-

trlcular f lbrlllatlon)" Ad.d-itional observations (3) ln the

lsolated frog heart lnd.lcated LlnaL mercurlc chlorld-e acted

upon the cond.uctlon system and- the musculature e prod"uclng a

decrease ln the force and frequency of contractlons, followed

by exLrasystoles and heart bIock" Atroplnlzatlon prevented.

the decrease ln heart rate prod-uced by small doses of mercurlc

chlorlde, but dld, not prevent the d-ecrease ln the f orce of

contractlono extrasystoles or heart block caused- by large doses

There has been some dlsagreement as to the role of Lhe

vagus ln the cardlac toxlclty of the organle mercurlals.

Jackson (4) observed. that the organic mercurlal d-luretlc

mersalyl prod.uced. ventrlcular f lbrlllation ln d.ogs" Ðeathr
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howevere occurred from respirabory fallure before the onseb

of ventrlcular flbrlllation if the vagal lnhlbltion of the

heart was removed. by vagotomy or atroplne " He postulated.

therefore, that the organlc mercurials acted primarlly on

the heart through the mechanlsm of vagal stlmulation and.

secondarlly on the resplrabory center. However ln contrasL

Sa1ant and Kleltman (f) showed, thab atroplnlzatLon d-ld no|

alter the card,lac toxlelty of the organlc or lnorganlc

mercurlals. Ad"dltlonal f lndlngs by Barker e-L a-1- (5)

lndlcabed, thab vagotomy or splnal secLion dld not alter bhe

cardlac toxlclty of the organlc mercurLals ln d.ogs 
"

McCrea and. Meek rc) showed that mercuric chl-orld.e

caused, a characterlstlc sequenee of toxlc events as observed

on the efectrocard.logram of cats and. d.ogs. There was an

early translent acceleratlon of the heart rate, followed. by a

gradual bradycard.la and lncreases ln the P-R lnterval and.

d.uratlon of bhe QfiS complex " These changes were f ollowed. by

bund.le branch or atrloventrlcular nodal (AV) b1ock,

ventrlcular tachycard.la and. ventrlcular fibrlllatlon. They

concluded. that t,he slno-atrlal node (SA) was more susceptlble

to the action of mercurlc chloride than was the AV-nod.e, and

thab the latber was more susceptlble than the remalnd.er of

the speciallzed cond,uctlng system"

In contrasL (3r5) trle organlc mercurlals have been

shown to prod.uce ventrlcuJ-ar asystole whlle the atrla contlnued
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beatlng wlth regular slnus rhybhm ln both d.og and f rog hearts 

"

Thj-s observatlon ls supported by obher authors Q ,8,9) who have

shown that ln the d.og the aLrla are more reslsbant, Lo bhe

organlc mercurl-als than the venbrlcles 
"

fn an extenslve sbudy Barker q!- aI (5) showed- that the

cardlac toxlclty of bobh organlc and- lnorganlc mercurlals

followed. slmllar patterns, namely d.epresslon of the T wave,

runs of extrasystoles and- ventrlcular flbrlllatlon. These

observations were mad-e ln both unanaesthetlzed and. barbltal-
anaesthetlzed. d.ogs. In another sbudy Plnes 9t AI (B) found.

bhat the organlc mercurlals lncreased the P-R interval and- the

d-urabion of the QRS complexu and- caused complete heart block

followed- by ventrlcular ectoplc beaLs 
"

DeGraff and Lehman Q) showed- that the presence of the

organlc resldue of the organlc mercurlal lncreased, the lethal

d.ose; however when the dose was lncreased the same sequence of

toxlc events occurred, The cardlac toxlclty of the organlc

mercurlals was also red.uced by mod.erate d.oses of adrenallne

(tOutl), whereas anoxla of the heart muscle lncreased the

card.Iac toxlclty (8).

Farah and Mook (fe ) showed. that the organlc mercurlals

mersalyl and esld-ron acid- ln toxlc doses decreased. cond.uctlon

veloclty and electrlcal excltablllty, and lncreased- the
lreffectlve refractory perlodir of both the atrla and. ventrlcles

ln d.ogs " The changes ln ref ractory perlod. occurred. wlth much
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larger doses than the changes in eiLher exeibablllty or

cond-uctlon veloclty" A more recent stud-y (f l) showed. tlnat

mersalyl slowed the heart, rate, shortened. the Lransmembrane

actlon potentlal, and, decreased bhe conbractlllby of the

lsolated. perfused. guinea plg atrla"
Farah _e!_ 41_ (9) showed both quanLltatlve and

qualltatlve dlfferenees ln the cardlae toxlclty of varlous

organlc mercurlals" p-Chloromercurlbenzote acld (p-CMB), a

non-dluretlc organlc mercurlal, produced d.lfferenL electro-

card-lographlc changes than bhe d-l-uretlc organlc mercurlals or

mercurlc chlorlde " p-CMB d-ld, nob cause any changes ln bhe

d.uratlon of the QRS complex, whl1e the d-luretic organlc

.mercurials and. mercurlc chlorlde caused a wldenlng of the

QRS complex" p-CMB caused. death by ventrlcular asystole

whereas the other mercurials caused d"eath by ventrlcular
flbrlllatlono However both p-CMB and bhe d.luretlc organlc

mercurlals lncreased, the P-R lnterval. These authors

postulated- that p-CMB selectively inhiblts atrloventrlcular
(e-V) cond.uctlon wlthout af fecting lntraventrlcular cond.uctlon

processes.

Furt,her studles on the propertles of p-CMB were carrled-

out by Kessleru Lozanou and Pitts (14) " They showed that 33.)/"

of an lnltlal d.ose of HgI97 labelIed p-CMB was found ln the

heart after three hours" Th9 plasma clearance of labelled-

mercury was 10 qc/mln, ana 40% of the admlnlstered lnbravenous
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d-ose was ellrnlnated, in three hours" p-CMB was also found. to

be hlghly bound to plasma protelns. Mercuhydrln and. other

organlc mercurlals have also been shown to be hlgh1y bound to

plasma proteln 115,t6) .

A number of reports ( 1o , tz , 1? , l-B ,19 ,20 ) have shown

blnat the cardlotoxlc effects of the organlc mercurlals are

prevented. or abollshed. by the d.lthlol dlmercaprol and by the

monothlols cysteine,'glutathlone, and thtoglycolllc acld"

Other studles (zt,ZZ ,2) ,il+) have shown thab the organlc

mercurlals lnhlbit sulfhydryl-containlng enzymes which are

lntlmately involved ln carbohydrate, faL, and proteln

metabollsm. On the basis of these observatlons a number of

authors (tZ,t6rt?) postulated b]nat the cardlac dlsturbances

produced by the organic mercurlals aae d-ue to bhe lnhlbltlon

of one or more of these sulfhyd-ryl-containlng enzyme systems 
"

2. The Cardlac Effects of Methoxamlne

In 1948 Huort, Rand.a1l and DeBeer QS) reported that

methoxamlne, a sympathomlmetlc amlne, prod.uced a sustalned.

pressor response ln d.ogs" However, Me1vl1le and- Lu (26)

showed that methoxamlne d.lffered, from other sympathomlmetlc

amlnes ln that lts card-lac actlons are depressant ln nature,

whlle the maJortty of other sympathomlmetlc amlnes have a

stlmulatory effect on the heart.

Nathanson QZ) showed. that the intravenous
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ad.mlnlstratlon of methoxamlne ln man caused a slowing of the

heart rate whlch was abollshed. or prevented. by atroplne

lnd"lcatlng bhat the bradycard.la was med-iated- reflex1y" Other

authors QB rZg ) showed. that the mechanlsm by whlch methoxamlne

caused card-lac slowlng was malnly d.ue to stlmulation of the

carotld slnus and aortlc arch baroreceptors provoked by the

rlse ln systemlc blood presSure" A slight brad,ycard.la, how-

ever, perslsted afber carotld slnus and. aortlc arch

denervatlon whlch was not due to a d-lrect actlon of methoxamtne

on the cardlolnhlbltory center of the medull-a oblongata nor on

the slno-atrlaL node" The mechanlsm of thls sllght bradycard.la

ls uncertaln. one study (29) lnd.icated that thls bradycard-la

was d.ue to stlmulatl-on of the eoronary and pulmonary receptors

lnvolved In the Bezold-Jarlsh reflexo whlle another stud-y (Zg)

suggests that lt ls d-ue to actlvatlon of stretch receptors ln

the ventrlcular waII"

Gllbert et al (30,3L) showed. thab methoxamlne, ln

contrast to adrenallne, lncreased" the threshold. for ventrlcular

excltablllty and d.ecreased cardlac lrrltabllity" The ventrlcles

of open chest d"ogs were stlmul-ated at varylng lnbervals after a

regular drlvlng stlmulus " Ad.renallne produced" abnormal or

mu1tlp1e responses to these slngle ventrlcular test stlmu11,

whlle methoxarnlne d-ld. not. In addition they found that

methoxamlne d.ld, not produce ectoplc pacemakers, or spontaneous

extrasystoles whereas they were prod.uced by ad-renal-lne" In



7

another study OZ) ad.renaline was shown Lo cause ventricular
arrhythmlas in the chloroform- or cyclopropane*sensitlzed.

hearts, whereas such an effect ls not observed. with
methoxamlne; lndeed methoxamine prevents cyclopropane-

adrenallne arrhythmlas .

Gllbert et al_ (30) have shown t]naL mebhoxamine causes

slowlng of atrloventrlcular cond"uctl-on ln assoclatlon wlth d,e-

creased- excltablllty ln the hearts of vagotomlzed. d_ogs. The

I'absolute refractory perl-od" of the ventrlcle and the d,uratlon

of the ventrlcular actlon potentlal record.ed. extracellularly
were lengthened- by intravenous admlni-stratlon of methoxamLne.

At,rloventrlcular conductlon tlme was prolonged whlle

ventrlcular and atrlal cond.uctlon were not altered.
Me1vl1le and Lu Q6) showed. t]naL methoxamlne decreased.

the amplltude of contraction ln the isolated rabbib heart.
Methoxamlne had a marked negablve lnotroplc and. a sIlght
negatlve chronotroplc effect on the lsolated. perfused. guinea

plg heart (33,34) . In ad.d-ltlon methoxamlne has been shown bo

have a negatlve lnotropic ef fect 1n vagotomized- d-ogs (35 r j6,

3?). Goldberg e! at (38) found- tinaí methoxamlne prod-uced. a

sl1ght decrease ln the myocard-lal contractlle force of hurnan

subJects 
"

West and hls co-workers ,?9r4Orb]-r42r43) found. that
mod.erate to large doses of methoxamlne OZ-25 ug/Ug) lnJected

lnto the coronary arterles of dogs caused, depresslon of myo-

card,lal contracbl-Ilty, whlle small d-oses had^ no effect.
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Howeveru methoxamlne tn Ìarge or sma1l d.oses ad,ministered- ln

thls way d-td not cause any change in the heart rate"

A number of authors @4 rl+5 r)+6) reported t]naL there ls

a d.lrect relatlonshtp between phosphorylase activlty and

contractlle force in the lsolated rat heart and the d.og heart

ln s1tu" Adrenallne lncreased both the contractlle force and

the phosphorylase actlvlby, but methoxamlne had no effect on

elther" Hashlmoto et a\ (AZl reported. that methoxamlne

redueed- the oxygen consumptlon 1n the lsoIated. flbrlllated
dog heart, and. suggested tl,e-þ thls represented Inhlbltlon of

cardlac metabollsm.

Imal (48) stud.led the effecLs of mebhoxamlne on the

transmembrane potentlal of gulnea plg ventricular muscle" He

found. that methoxamlne caused a reductlon ln the maxlmal rate

of rlse and, a prolongatlon ln the duration of the acblon

potentlal, but did. not affect lts magnltud.e" He suggested

LhaL methoxämlne caused a depresslon of the selectlve lncrease

ln sod-lum permeablllty of the cel1 whlch causes the rlslng
phase of the actlon potentlal. The prolongatlon of the actlon

potential was abtrlbuted- to an lnhlbltlon of card-lae metabollsm.

ImaLu Shlgel, and Hashlmoto (49,50) studied both the

card,lac actlons of large d-oses of methoxamlne, and the

antagonlstlc actlon of methoxamlne to ad.renallne, ln the dog

heart lung preparatlon. Methoxamlne caused a marked. negatlve

lnotroplc actlon and. a sllght decrease ln the heart raþeo Pre-
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treatment of the anlmal wlth reserplne abollshed- the

chronotroplc response but dld not mod.lfy the lnotroplc response

to mebhoxamlne " Methoxamlne was also shown to abollsh bot,h t,he

posltlve lnotroplc and- chronotrop.lc acblons of adrenallne. It
was therefore suggested- that the decrease ln the hearb rate

lnduced by methoxamlne was prlmarily d.ue to lts antagonlstlc

actlon of the effects of lntrlnslc catecholamlnes , whlch may

be rel-eased ln small quantltles to malntaln the normal heart

rale and contractlllty. It was suggested further that ln vlew

of the slmllarlty in the chemical sbructures of ad.renallne and.

methoxamlneu lt may be posslble that the speclfic anfagonlsm

takes place ab the same receptor slte " Therefore lt was

postulated that methoxamlne ls a beta-ad-renergic blocklng

agent. The negatlve lnotroplc actlon of methoxamlne was

ascrlbed to a dlrect cardlac effect independent of beta-

adrenerglc blockade 
"

3" åtrloventrlcular Transmlsslon

Hearlng ln 1910 (51) attrlbuted. the maln delay ln the

passage of l-mpulses between the atrlum and- ventrlcles to the

AV-nod,e. He stlmulated the lsolated perfused- rabblt heart

above and below the AV-node and. recorded. the ventrlcular
contractlons " He found that the conduetlon tlme was four tlmes

longer when the heart was stlmulated above the AV-nod.e than

when lf was stlmulated. below the nod.e " He therefore attrlbuted

a portlon of the d.eIay ln cond.uction between fhe atrlum and.
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ventrlcles to the AV-nod.e o

Slnce that tl.me there have been a number of suggestl-ons

as to bhe exact locatlon of thls delay in transmlsslonu and to

the mechanlsm by whlch lt takes place " Brlanger and- Blacknan

(52), and. Eyster and Meek (Sl) showed that the AV-node was

lnvolved. ln bhe cond.uctlon of lmpulses from Lhe atrla to the

ventrlcles by cutting bhe AV-node.

Erlanger in I9I2 (54) postulat,ed bhat the greatest

part of the delay ln transmission of an fmpulse from the aLrla

to bhe ventricles occurred- at the Junction between the a-brial

and nodal fibers. A later sbud-y by Osborne e! aI (55) also

lnd.lcated, that the normal delay in atrloventricular cond-uetion

ln the d.og occurred. ln the atrlal portlon of Lhe AV*nod,e. They

found- that the tlme lnterval between the application of a

stlmulus and the appearance of the ffiS complex on the elecbro^

card.logram was greater when the AV-nod.e was stlmulated. than

when the stlmulus was applled. to the bund-le of Hls" They also

stlmulated varlous reglons of the AV-node whlle record-1-ng the

ventrlcular response" From these experlments they concl-ud-ed-

that the greatest d.elay in cond-uctlon occurred. ln the atrlal
portlon of the AV-nod,e 

"

Scher e! a1 (56) al-so showed bhab the reglon between

bhe atrlum and the AV-node has the slolryest conduction veloclLy"

Uslng multlple extracellular electrodes in open chest dogsu

they calcul-ated that bhe cond.uction veloclty wlthln the AV:node
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was double LhaL at the at'r1al margln oî the node.

Hoffman eb al (SZ) and d-e Carvalho (58) utllj-zed- a

sllghtIy d.tfferent technlque and showed- that almost all of

the abrloventrlcular delay ls loca1Lzed' ln a narrow zone

extendlng the ful1 wtdth of the AV*node, approxlmately

1 mm across and located- near the junction of the atrlurn

and- the AV-nod.e" They recorded slmultaneously from the

atrium, AV-node and. the bund.le of His with multlpIe lntra-

cellular mlcroelectrodes inserted lnLo lsolabed- rabblt

hearts. l,rihen they stlmulated. bhe aLrlum bhe actlon

potentlals reeorded" from flbers bebween the atrial portion of

the AV-node and the bund"le of Hls showed. a gradual transltlon

tn shapeo lnd,leatLng a d-elay 1n cond,uebion" Further studies

by d.e Carvalho (59160) ln¿lcated. that the shape of the lntra-

cellular acblon potential was d-lfferent ln varlous reglons of

the AV-noðe of the lsolated rabblt heart" On the basis of

thts he suggested that there were three d.istlnct physlologlcaI

reglons in the AV-node " He d.eslgnated these regions as the

atrlal portlon of the AV-node, the atrlonodal boundary

(prevlously descrlbed. as the atrlonodal junctlon), and the

lower node located near the bundle of Hls. The AV-node 1s

d-escrlbed as belng a complex of these three zones with the

slowest propagatlon velocity occurrlng ln the atrionodal

bound.ary.

Cranefleld et al (6f) showed Nlnab acetylchollne caused.
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fallure of lmpuise 'Lransml-ssion fu: the Í'i'bers of the aLy"ral_

margln of bhe AV-node and noi in flbey"s of bhe AV-node

adJaeent Lo the bund.le of Hls of the i-soiabed rabblt heart"

Howe"¿ero conflletlng results were obtained by Pruibt and"

Essex (62). They showed bhaL AV-nodal bloek produced by

vagal stlmulatlon occurred. ln the AV*node ltsel_f and not at
bhe abrlal or bund,le marglns of the AV-node " External need_le

electrodes were placed ln varlous portions of the AV-nodeu

atrlumn bundle of Hls, and the bund.le branches of bovlne

hearbs " They noted. that vagal stlmulation was attend-ed. by a
prolonged F-R interval on Lhe electrocard.iogram o bu'b the

duratlon of the potentlals record-ed, from the atrlonod.al

Junction did not ehange" They ùherefore conelud,ed thab the

delay in Lransmission occurs at a sibe in the AV-nod.e closer

to the ventrlcles tl:ran the atrlum" However these

discrepancles could be attrlbuted to specles dlfferences or

the dlstrlbutlon of the vagus nerve.

A dlfferent eoncepL was ad-vanced. by Alanls et_ aL (63,

64) " They postulated. the exlstence of Lwo functlonal d.lscon-

tlnultles ln the atrlovenLrlcular conducbing sysLem" They

suggested. that delay ln conducLion takes place at two sltes u

one l-ocated between the atrium and the proxlmal segment of

the AV-node, and bhe other between Lhe d.istal part of the AV-

nod.e and the bundle of His " They stlmulated- bhe afrlum and. re*
cord-ed- electrograms from the bundle of Hls and- the AV*nod.al
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reglon of ùhe Lsolated perflused d,og hear.t. The electrograms

recorded at the atrlum, AV-nod.e, bundle of Hlsu and ventrlele
revealed four dlstlnct actlon poNentials" When the heart was

stimulated. at 1ow frequencies the interval between the atrial
and bhe AV-nodal actlon potentials was greater Lhan the

lnterval between the AV-nodal potential and- the bundle of Hls

potentlal. However when the frequency of stimulation was in-
creased the interval between the AV-nodal potentlal and, the

bundle of Hls potenbial lncreased and finally dlsappeared.

whl1e the lnterval between the atrlal potentlal and the AV*

nodal potential remained eonstanN " The lnterval between t,he

atrlal ârto AV-Dodal potentlal was seen to lncrease only with

very h1-gh sLlmulus frequeneies" They suggested- thab the mosL

criLlcal reglon where atrlovenbrlcular transmlsslon ls d"elayed-

ls located elbher somewhere wlbhln the AV-nod-e or between the

AV-node and the bundle of Hls" These find-lngs therefore a?e

ln dlrect eanLrast to the hypothesls bhat the mosb crltlcal
region for bhe delay ln atriovenbrlcular transmlsslon is the

Junctlon of the aLrlum and. the AV-node 
"

A number of theories have been put forth to account

for the mechanlsm of delay 1n atrioventricular transmlsslon"

Gllson GSI posiulated an excibation tlme theory to accounÐ for
the normal delay in atrloventrlcular conducbion iL the bu::ble

heart. He suggested thab fibers In ùhe AV-node have an u.nusual

requlrement for sLlmulus duratlon and. are acf lvated. only d.uring
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the repolarlzaLLon of ad-Jacent atrlal ftbers" fherefore bhe

AV-node ls activated by atrlal repo)-arlzaLlon'anð. the tlme re-
quired for this activation ls responsible for fhe delay in

t,ransrutrsslon" Grant rc6) suggested. that the AV-nod.e ts a

contlnuous osclllator whlch flres only when the atrlal

lmpulses colnclde wlth the nod-a1 osclllations.

Scher et aL (56) postulated three posslble mechanlsms

for flrst degree and complete AV-nodal b1ock" Flrstly lt l-s

posslble that some electrlcal mechanlsm ls lnvolved- ln the

brldge of atrlal and nodal flbers whlch ls dlfferenb from

other card.lae tissues" Secondly, lt ls posslble blnat bhe

atrlonodal Juncblon may have actlon potentlals of very long

duration" The thlrd posslblllty ls that soms lonlc

permeablltty changes may persist afber the aetlon potentlal

of the cel1s ln the atrlonodal reglon of the AV-node has taken

p1aee. They obtalned action potentials from smalL extra-

cel-lular electrodes placed. at various sltes along the atrlo*

ventrlcular conduction pabhway of the lsolated- perfused- d.og

heart" From the shape of these actlon potentlals, and. because

of the ablIlty to achieve retrograde stlmulatlon of the heart,

they suggested that, atrloventrlcular cond-ucbion lnvolves a

contlnuous elecLrlcal cond.uctlon of lmpulses which d.oes not

lnvolve any synapses"

Hoffman and hls co-workers (5? r6L167,68) , utj-llzed.

lntracellular rnlcroelectrodes to study the mechanlsm of

atrloventrlcular d"elay. They lnserted these nlcroelecbrod"es
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lnto the reglon of the AV-nod.e of the perfused rabblt heart 
"

The action potentlals recorded" from single cell-s ln the reglon

of the atrlal portlon of the AV-node showed. a 1ow resting

potentlal, slow dlastollc depolarlzabion, and. slow upstroke

and low amplltude, and one or more notches or steps on the

rlslng phase. These results ind.icated thaf the normal atrio-

ventrlcular d.elay results from slow conduction withln the AV-

node ?ablner than from refractorlness of the nodal tlssue r or-

some synapse-llke delay in the Juncbion of the nodal flbers

with the atrium or bundle of His. They suggested. that the

normal atrloventrlcular delay results from a very slow spread

of excitatlon over a short d.lstance which may be d.ecremental

ln nature. The term decremental conductlon 1s taken to mean

that the actlon potentlal dlmlnlshes progresslvely ln both

amplltud-e and rate of d"epolarlzatLon. As a resul-t the

efflcacy of fhe actlon potentlal as a sblmulus to adJacent

reglons ls contlnuously reduced. These flnd-lngs are ln agree-

ment wlth the results obtalned by Scher (56) who used. extra-

cellular electrodes" Furthermore, d.e Carvalho (59r60) showed

that decremental- conductlon takes place only 1n fhe atrlonod.al

boundary of the AV-nod"e, whereas in the rest of the AV-node

conductlon ls of the all or none type.

The failure of atrlal electrlcal actlvlty to be

propagated to the ventrlcles was al-so studied' by Hoffman et aI

(69) " They used both lntracell-ular mlcroelectrod.es ln the
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lsolated rabbit heart, and Ìocal electrograms from the dog

heart ln sibu" The shape of transmembrane potentlals re-

cord-ed- from slngle AV-nod.al flbers of the lsolated rabblt

heart lndlcated that bl-ock of conduction in the AV-node

takes place as a result of d.ecremental conduction. However

ln the dog heart in sltu local- electrograms revealed. that

block of conduction also takes place between the bundle of

Hls and. the bundle branches, and the bund,le branches and the

perlpheral PurklnJe tlssue " It 1s suggested. that block ln

these reglons ls d-ue bo the prolonged- d-uratlon of fhe acblon

potentlal rather Lhan decremental conductlon"

Moe e'Þ al (70) and. Rosenbluebh (Zf ) postulated Lhe

exlstence of a dual atrloventrlcul-ar transmlsslon system

lnvoIvlng two groups of flbers whlch differed- wlth respect to

durablon of refractorlness and. conductlon ve1oclty" They

suggested- that one system conducbs aL a hlgher veloclty, and

has a greater refractorlness than the other system. Thelr

results were obtalned. from the measurement of the functional

refractory perlod of atrloventrlcular bransmlsslon (fRf),

deflned by Krayer, Mandokl and Mend-ez QZ) as belng the

mlnlmal lnterval befween bwo ventrlcular lmpulses propagateÖ

from the atrlum.

The measurements of FRP were obtalned. from open chest

dogs where the heart was d.rlven electrlcally through stlmu-

latlng electrodes attached. to the atrlum. Efecbrogranns were

record"ed, from both the atrlum and, ventrlcles. A premature
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sbimulus was applled. to the atrlum at shorter and shorter

lntervals after every stxth regular d.rlvlng stlmulus" As the

extra stlmulus ls applied earlier and. earlier in the drlven

cycle, the lnterval between the recorded ventrlcular responses

shortens ln dlreet proportlon to the lnterval between the

regular drlvlng stlmulus and the extra stlmulus " A polnt ls
then reached where the lnterval between the two venbrlcular

responses ls not further d,ecreased wlth d,ecreases ln the

lnterval between the regular and premature stlmull. Thls

mlnlmal obtal-nable lnterval between the two ventrlcular
responses propagated- from the atrlum ls termed the functlonal

refractory perlod. of atrloventrlcular transmlsslon"

In some experlments when the interval between the

regular dri-ving stlmulus and. the extra stlmulus was shortened

beyond- bhe FBP, there appeared. an abrupt or progresslve ln-
crease in the delay between the bwo responses recorded. from

the ventrlcle. These authors attributed, thls abrupt change

ln the lnterval between the two recorded. ventri-cular responses

to a dual atrloventrtcular conducting system" They suggested.

that when the propagated premature lmpulse reaches the atrlo-
ventri-cular transmlsslon sysbem too soon after the precedlng

regular lmpulse, the rapld.ly cond.ucLlng f lbers are stll1
refractory. Therefore the flbers whlch conduct more s1ow1y

but whl-ch have a shorter refractory perlod are actlvated. and

conduct the premature l-mpulse to the venbrlcles"
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Hoffman et aI Q)), however, dlsagree wlth the d.ual

conductlon hypothesis. They suggest that the abrupt lncrease

ln the lnterval between the regular d,rlvlng stimulus and the

premature stimulus record"ed from the ventrlcl-es ls assoclated-

wlth the absence of local electrlcal actlvity in some part of

the perlpheral Purkinje system. They stud.ied. the atrio-

ventrlcular transmlsslon of premature responses by recordlng

the electrlcal actlvlty d.irectly from the atrlumu AV-nod.e,

bundle of His, bundle branches, and- peripheral PurkinJe flbers

of dogs. They found- that premature actlvation of the bundle

of Hls, bundle branches, or the perlpheral PurklnJe fibers re:-

sulbed- 1n slow or blocked conductlon. Therefore a singtre

lmpulse could be delayed at several sltes ln tf¡e aþnfJ

ventrlcular transmlsslon system. If thls 1ocal d-etay ls

sufflclent or 1f some PurklnJe flbers completely fail to con-

d-uct, the pattern of ventrlcular actlvatlon would, be changed."

They suggesb that as the lnterval between the premature lmpulse

and the regular lmpulse ls shortened, conductlon ls f irst d.e-

layed ln the AV-node and secondly 1n the perlpheral PurklnJe

flbers. The AV-nodal delay ls postul-ated to result from

decremental conductlon, whereas the delay ln the perlpheral

PurklnJe fibers 1s concerned. wlth premature actlvation.

An earller study by Alanls et al rcl4) Supports Hoff-

manrs hypothesis of a delay occurrlng ln more than one place

ln the atrloventrlcular Lransmlssion sysbem" These workers
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found- that the FRP for the propagatlon befween fhe AV-node

and, the bund.le of His ls longer than the FRP for propaga.tion

between the atrlum and the AV-node " They postulated. the

existence of two functional dlscontinuitles ln the atrlo-

ventricular transmisslon system; one of them located- between

the AV-node and the bundle of His, and the other l-ocated

elther wlthln the AV-node, or at the junction of the atrlum

and the AV-node"

B" CHEMTSTBY

It has been reported. Q+) that when p-chloromercurl-

benzoLc acid, ls dlssolved In water the chloride and carboxyl

groups lonlze " The af f inlty of the hyd-roxld.e lon for the

mercurlal ls greater than that of the chlorid.e lon. There-

fore the mercurlal may exlsb as elther the hyd.roxide, p-

hydroxymercurlbenzoi.c acld., or the chlorlde, p-chloromercurl-

benzolc acld , d.epend.lng on the pH of the soIublon " Because

of common usage thls mercurial will be referred. to as p-

chloromercurlbenzoic acId. throughout this. thesls.

C. STATEMENT OF PROBLEM

The purpose of thls lnvestigatlon ls to d-etermlne the

factors lnvolved" in the blockade of atrioventrlcüIar trans-

mlsslon caused by p-chloromercurlbenzolc acld., and in the

potentlation of thls effecb by methoxamlne.

The questlon ls whebher these d-rugs cause blockad.e of
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atrloventrlcular transmission by a dlrect effect on the

conductlng system of the heart, or by reflex mechanrsms.

Therefore the effect of these drugs on the blood pressure,
hearb rate, and electrocardlogram were anaryzed, to see lf
they were related to the blockad-e of atrloventrlcular trans-
mlsslon' Further lnvestlgation on the dlrect effect of these
drugs on the atrloventrlcurar conductlng system was carrled.
out by the measurement of the functional refractory perlod_ of
atrloventrlcurar transmlsslon, and- the cond.uctlon tlme of
atrlovenfrlcular transmlsslon.
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ll. AltAESifFi,is-i"4\

Seventy-six mongrel d-ogs l-lz:sei.e¿:ied as io ser ai¡d

v,rerghing ft"om 3"5 Lo 16.8 kg we:re a.ïiî.,.isiirei;ired- v.ri-Lh sod-ri-ìilìi

pentobarbital- i30 ng/kg) gi",ren inLr.avencusiy" Snaest):esia

was malnbalned v;hen necessary by add.ltlonal d-oses of I-2 rng/

ks.

Morphlne sulphate (f mg/\<g) was administered sub.:

cubaneously Lo bwo dogs prlor to bhe ad-minl-stratlon of

chloralose (f O mg/kÐ " One ani-mai lr,ras anaesthetlze,C- v,rith a

ehloratose-ureLhane mlxture ß nï/L{.g) <-:f t,he I'ollowing

compos ltlon;
Chloralose I.9 gm

Urethane 19"0 gm

WaLer !0"0 ml

B" ARTIFICIAL RESPIBATION

All dogs were ventilated
Ideal resplration pump through a

trachea" The d,ogs were supplied

18 cycles/mtn anð. a tid.al volume

art1f1clally by a Pal-mer

cannula inserted. lnto the

wlth room a1r al, a raLe of

of 20-30 mllkg body ureighL.

C. SURGICAL PROCEDURES

1, Vi¡eqÞqqly

Bllateral mld-cervical vagotomy was done immed-iately

af Ler the lnd-uetlon of anaesbhesla ln all experlments ln r*¡hieh

the functlonal- refractory perlod- of atrloventrlcular Lrans-
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niisslon was rneasured, Thls proeedure îrias also done in a.

number of obher experlments 
"

2 o Stel-late Gangll-onectomy

Bllateral stellate gangtloneebomy was done in 14 dogs.

A skln l-nclsj-on was made in the axillary fold of Lhe foreltmb"

A small lnclsion was made in the lntercostal muscle at the mid

axltlary level beLween the first and second. ribs, prod-ucing a

pneumothorax in al-I the animal-s. A mastold- reLract<¡r was in-

serted carefully to avoid- puncturing the pleura" The suruound.-

lng tissue was dissected away and- the stel-late gangllon removed

wlth as much of the chain as posslble.

Sham stellate gangllonectomy was done in seven d-ogs"

The same surgieal proced-ure described, above was carried out

wtthout touchlng the stellate gangl-ia or the sympathet'ie chain"

3 " Thoracotomy and _Esrlc@l'dolqmy

In experlments lnvolvlng the measurement of the

functlonal refractory perlod- of atrioventricular transmlsslon

thg sternum was exposed by electrocautery and. cleaved in the

mld,l-lne over lts entlre length, The pericard,lum was j-nclsed-

and lts edges sutured to the chest wall to form a pericardial

cradle.

In all other experiments involving thoracotomy u

electrocautery was employed. to expose the intercostal muscles

of the right thorax, and. the pleural space was entered- betureen



23

the ri.th and, 5vh ribs by biunt dissec'bion, A small incisron

was made In the pericardium over Lhe .r:.ght at,::iaI append_age

rohen the heart v¡as to be paced ei-ecl¡,i.cally,

4 " Prqce4u_rqs _ for. ryeeþan_Lça_I_ Ç-qU_!rei_ ol the St{sLemic

Þlçqê _Er"çççure

l4echanlcal eler¡ation of the s¡rs¡**tr blood pressure

was done by reverslbly occluding the Nkroracic aorta. A l-oc¡se

'J-tgature was placed around the d-escending thoraeie aorta ancl

the end"s were brought out bhrough a sbiff' rubber tube" The

vessel was reverslbty oceludecl ",,+it,hcui; displaeerient, by

comprerisf-ng the r"ubber tubing agal-nst the aorta"

Lowerl-ng of the bl-ood pressure nÍas done by bleedi.ng
'bhe anln'ral through a polyethylene eatYrcter of 2 mm internal
d"j-ameter (Ìntraniedie #260) lnserted Lhrough the femoral

arter"y and j-nto the lnLernal- illac artery" The pressure

could. be restored to control values by reinfusing the shed_

b1ood,.

ïl DRUGS

1" ïnj_eç_t_loUF, of Drugs

InJectlons and- infusions of alf drugs except

anaesthetlcs were mad,e lntravenously through a pol.yeLhyl_ene

catheter of 2 mm lnternal d.iameLer (Intrameaic #260) fnserbed

through the femoral veln and. lnto the common illac vein.

After eaeh inJect,lon the catheter was flushed through uilth
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t.9% sa1lne" Infuslons were admlnlstered wlth a Harvard

lnfuslon pump at the rabe of I nT/kg/ntn.

2o Drugs Used

Sod 1um p-Chloromefgurlben3olg Acld#

Solutlons of p-chloromercurlbenzolc acld. (p-CMB) were

prepared ln O"g/" sallne, usually ln a concentratlon of L mg/ml"

t¡lhen hlgher concentratlons were requlred 0"1 m1 of 2% sodlum

hyd-roxlde was ad.ded, to facilltate so1utlon, As control for

the pH of the solutlonu lnJectlons were preceded. by lnJectlons of

0"9/" sallne adJusted- to the same pH wlth hyd.rochlorlc acld or

sodlum hydroxlde.

Methoxamlne

Solutlons of d.l-methoxamlne hydrochlorld.e were pre-

pared ln O.g% saltne In a concentration of 1 mg/ml"

Hepar14

In experlments lnvolvlng haemorrhage the anlmal was

treated wlth heparln 3 mg/Ug) " Solutlons of heparln were

prepared In o,g/" saIlne In a concenbratlon of 2Q mg/ml.

*Because of common usageu the abbrevlablon np-CMB" has been

retalned. ln thls fhesls.
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E " RECORDING TECENIQIJES

The systemlc arterlal blood pressure was recorded.

through a polyethylene cannula of 2 mm lnternal dlameter

(Intramealc #260) lnserte¿ lnto the right common carotid.

artery" The polyethylene cannula was connected' Lo a

Statham P23AA transducer. Lead. II electrocardiograms were

baken wlth subcutaneous needle electrodes " Both measurements

were recorded. on a Grass lnk-urritlng polygraph at a paper

speed at 25 mm/sec.

F. MEASUBEMENT OF FUNCTIONAL REFRACTOBY PERIOD (ERPL AND

The functlonal refractory period. of atrloventrlcular

transmlsslon was measured by a slLght modlflcatlon of the

technlque descrlbed by Krayero Mand.oki and Mendez QZ) "

All experlments were done on dogs anaesthetlzed with sod-lum

pentobarbltal, bl1ateral1y vagotomlzed, and. artlf lclally

ventllated. The heart was drlven at a rate of 2O-3O beats/

mln greater than the f.nltlal heart tabe and- the drl-vlng raLe

remalned. constant througlrout bhe lnd.lvldua1 experlment" A

Tektronlx stlmulator provld.ed. rectangular lmpulses of 0.5

msec duratlon and d.oubl-e the threshold voltage, The d.rlvlng

stlmulator was coupled to a countlng devlce whlch trlggered

a second Tektronlx stlmulator so as to provlde an add.itional

pulse of the Same charaeterlstlcs after every elghth d.rivlng

lmpulse. The lnterval between bhe elghth drlvlng stlmulus

CONDUCTION TIME (CT) OF ATRTOVENTRICUI,AR !tsANg, IVUEEION
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and. the lnterpolated- test stlmulus was varled systematlcally

bebween the maxlmum posslble at, the drlvlng râte and. the

mlnlmum d.etermlned by the ablllty of the heart to respond 
"

The outputs fror¡ both sbimulators ü¡ere led. through lnter-

connected. lsolatlon bransformers to the slngle palr of

stlmulatlng electrodes abtached- to the tlp of the right

atrlum. Atrlal and ventrlcular electrograms were rect'rd-ed.

stmultaneor¡sly on a Grass polygraph wlth a paper speed- of

50 mm/sec from two palrs of recordlng electrodes u one

attached. to the rlght atrlal and the other the rlght

ventrlcular ePlcardlum.

The lntervals between the response of the atrlum to

the elghth d.rlvlng stlmulus and the succeedlng test sblmulus

were plotted agalnst the lntervafs between the correspondlng

ventrlcuÌar responses. The mlnlmum lnterval between

venbrlcular responses thus obtalned glves the functlonal

refractory perlod. of abrloventrlcular bransmlsslono A curve

was fltted by eye to each serles of readlngs" The lowesb

(horlzontal) portlon of bhls curve was baken as the functlonal

refractorY Perlod..

Atrloventrlcular propagatlon tlme was baken as the

delay beLween atrial and. ventrlcular responses measured-

after stead.y-stabe condltions had been reached. at the selected"

heart rate, !.ê.u taklng the 4tn beat after the lnterpolated

beat" The recordlng and- measuring technlque used. ln bhe



determi"natl-,cn oi F-'BP and L'Ð l.i-lust::'r""t.,:lC l-i: l-19:;re 1o

G" ANALÏIJiS CF !]Ecc8i]:-;

The iniervå¿is on t,Lre e--j-eci-,l,c la,::ä : ogr"a,rns and elecÈrcr:

grams were deter.miyled. by means oi a rn€aslirlng mâgnlfier

graduatedto0.]mmoThisa1lov,rec]:hei¡rierrraisÙo.Ì:i*¡.,::."

measurecl to I 4 msee et a papei' sp€üc- ri 25 mm,/seey î,i-,rÌ I z,

mgec aþ a paper speed of' 50 mm/see " ',.',rese measuremerÌts were

mad.e from sLand"ard r.eferenee pol-n'l,s r.s f ollows " The lengbh

of P-ß l"ntec"*¿al was neasured fi:oin the ìreg-1-rrnlng of the F w¿:,ve

'to fhe beginning of the il tlyave olr the e.ec'ux"ocard.i-ograrn" T'he

wldth of the QFS complev-';rras taken as Èhe; di.stancty frc¡: rn*

beglnning of þLte Q 'uvarre to the beginni.ng of the S wave o$ the

eJ-ecLroeardlograrir" The meân 'lriood pÍ"erssure wâË caleulated. as

(atastol-ic + I/t puJ.se pressure), tai<eri fï.orn bhe blood. pressure

record." Thë ]near"L r€¡.te was read, Cirecbllr frorn the elecfro-
cardLagra.m or eiesbrogrs,rfl ô
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SECTTON IÏI

ATTIOVENTRICULAB NODAL BLOCK DUE TO p-CHIÐ-ROMERCUBÏBENZOIC

ACID AND THE EFFECT THEBEON OF CHANGES TN CABDIAC

TNNERVATION AND OF PRETREATMENT I^IITH METHOXAMINE



A" INTRODUCTION

Farah e! al (9) showed that p-CMB caused. blockade of

atrloventricular transmlsslon. 8111s Q5) conf irmed" that p-CMB

caused varylng d.egrees of AV*nod-al blockad.e u and d,emonstrabed

that thls boxlclty was increased by methoxamlne.

Prel-lmlnary lnvestlgation conflrmed- that p-CMB caused

AV-nodal block, the lncidence of whlch was lncreased by

methoxami-ne" Further lnvestlgation presented- here was bhere-

fore caruled out to determlne the facbors lnvolved ln the

bloekad.e of atri-oventrlcular transmlssion caused- by p-CIvlB and

ln the poLenLlatlon of thts effect by methoxamlne "

BO RESULTS

1o Incl_d.enEe of. AV:NoÈal-Þl=pqk

(a) Electsocardloeraphlc Cha

The admlnlstration of lncreasLng doses of p-CMB

(2O-AO ng/kù caused. changes in the electrocardiogram simllar

to those observed by Farah (9) and. ill-usbrated- ln Flgure 2o

The flrst changes tn the electrocardlogram were an elevated T

wave anð. a d.epressed. ST segment followed, by an lncrease ln the

P-R interval. There were no changes ln the QRS complex after

the ad-mtnlstrablon of p-cMB (see sectlon 4 (c) below) '
The above changes in the electrocardlogram were

followed by AV-nodal- block as evtdenced by atrlal d-epolarizabLon
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(P waves ) without the accompanylng ventrl-cular d"epol-arizatlon
(qBs complex), The degree of Av-nod.al- brock varled. from 2*1

to complete bl-ock wlth a duration of l-l-"J mlnutes, when

complete AV-nodal block occurred the appearance of ventrlcular
escape beats was rare. Complete AV-nodal block was observed.

1n some anlmal_s for as long as l"J mlnutes wlthout any

ventrlcular escape beabs. Blockad,e was termlnated by elther
recovery to sinus rhythm or asystole and. d"eabh. ventricular
f ibrlll-atlon never occurred.,

(¡) The Incld.ence of AV-Nodal BÌock ln Response to
p-CMB

The i-ncld.ence of AV-nodal block was a function of the

dose of p-cMB" Etght d.ogs wlth lntact vagal and sympathettc

lnnervatlon of the hearþ were glven varylng inltlal d_oses of
p-CMB; flve recelved 20 ng/kgu bwo 30 ngfxgu and one 40 ng/xg"
Flve of the eleven dogs recelved. ad,d.ltlonal d.oses of p-cMB

(ro-40 mg/kg) 
"

The relatlonshlp bebween the cumulatlve d.ose of p-cMB

and the cumulatlve lncldenee of AV-nodaI block ln these eleven

dogs ls ll1-usbrated in Figure 3 (d"ashed_ llne). The percenb of
d-ogs developlng AV-nod-ar block ls compared to the d"ose of
p*cMB. The assumptlon was made that those animals d-eveloptng

AV-noda1 block after the lnltial d-ose of p-cMB wourd. also have

d.eveloped" AV*nodal block ab hlgher d.oses o
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......'Vogotomy

---' Intoct Cordioc Innervotion

- 
Melhoxomine Pretreoted
Intoct Cordioc Innervotion

20
Cumulotive

40 50 óo zo 80
p-C MB mg/kg

30
Dose

Flgure 3. Dose-response curves of AV-nodal block
due to p-CMB. Slx vagotomlzed. dogs oooco" Elght
dogs wlLh lntact cardlac lnnervatlon 6@êGæÐo

Eleven d.ogs wlth lntact card.lac lnnervatlon
treated. wlth methoxamlne (0"¿l or 1.6 ng/kg)

@....,............d

pre -
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An ad-d-ltlonal three dogs recelved, a consLant lnfuslon

of p-CMB (1,0 mg/Ug/ntn) " Two of these dogs d.eveloped AV:

nodal block; one aL a total d.ose of 60 ng/kg ana the other at

a total dose of B0 mg/kg, The thlrd- anlmal dld not develop

AV-nodat block afLer a total- d-ose of 80 mg/kg p-CMB.

VarVlng doses of p-CMB were ad-mlnlsbered- bo slx

vagotomlzed dogs to see lf vagotomy would alter the response.

Three of these dogs recelved, lnitlal doses of 20 mg/k1" T'r¡¡o

of these three anlmals d.id not d-evelop AV-nodal block and.

were glven ad-ditional d.oses of p-CMB (fO-30 ng/Ug) " Three

ad-ditional anlmals received initlal doses of 40 mg/I<g. The

dose response curve for all six animals ls ll-lustrated- ln

Frgure 3 (¿obte¿ llne ) "

îhere was a hlgher lncldence of AV-nod.a1 block ln the

vagotomlzed, dogs bhan ln the d.ogs wlth lntact card-lae

lnnervatlono However thls d-i-fference may have been due to

the dlfferent lnltlal doses of p-CMB ln bhe two groups of

anlmals. Half of the vagotomlzed anlmals recelved inltlal

doses of 4O ng/kg whl1e only one of the intact anlmals re-

celved so large an lnitlal dose" The apparently lncreased

lncld-ence of AV-nodal block aL 20 mg/kg ts based. mainly on

Lhe response of one of three vagotomlzed. anlmalsu Lhus maklng

t,hls dose-response curve not entlrely rellable.
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(c) The Effec! cf Prebreab4e¡'Þ-I^t.Lth-MetheËamlne oII

the Incidence-of AV-Nodal Block Produced bv p-CUts

Eleven d"ogs wlth intact card-lac lnnervatlon were given

methoxamlne bhree mlnutes prlor to the lnltlal d.ose of p-CMB

Qo ng/ug). The dose of methoxamlne was 0"4 mg/kg ln elght'

anlmals; three anlmals received" 1.6 ng/xg. Sf.x of the eleven

dogs tha.t dtd. not develop AV-nodal block ln response to the

inltlal d.ose of p-CMB were glven ad-d,ltlona1 d-oses of 10-60

ng/Ug" The dose response curve for these anlmals ls shown ln

Flgure J (soltd. llne)" It ls apparent from Flgure 3 bhat

methoxamlne increases the lncldence of AV-nod-al block caused-

by p-CMB"

(a) The_Effect of ÇhAnges ln Car4lac Innervstlo-n on

!þe Increase in Incldence of AV-Nodal BfQck ACtq-Ð

Me Lhrqllamlne Pre Lreatrnent

Expertments were car?ied out to d.etermlne whether the

lncreased lncldence of, AV-nodal block caused- by methoxamlne

pretreatmenb was due to a reflex response to the hlgh dose of

thls pressor agent. The reflex increase in vagal tone and

decrease 1-n sympathetlc tone to t'he heart ln response bo the

pressor ef,fect of methoxamlne are well known phenomenau and.

have lndeed- been used. ln the treatment of slnus tachycard-las

(?6,??) " These reflex effeets would also d.epress conductlon

through the AV-nod.e, and mlght therefore account for bhe 1n-
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creased lncld-ence of AV-nod-al block caused by p-CMB after

methoxamlne.

The cardlac lnnervation of twenty-elght dogs was

altered ln four d.lfferent ways 1n order bo elucld.ate the role

of nervous lnfluences on methoxamlne potentlatlon of p-CMB

lnduced AV-nodal block. The fol1owlng proced.ures were under-

taken to elther ellmlnabe partlally or compl-etely the above

reflex effects.
(f) Bllatera1 vagotomy was done ln four dogs, and-

three d.ogs were treated. wlth atroplne sulphabe (1.0 mg/kg) 
"

(ff) Bllateral stellate ganglionectomy was done on

slx d.ogs wlth lntact vagl"

( fff ) nftateral stellate gangllonectomy pl-us

vagotomy was done on elght dogs"

(fv) Sham stellate gangllonectomy plus blIateral

vagotomy was d.one on seven dogs 
"

All the anlmals were glven the same d.ose of methoxamlne

(0.4 ng/uÐ, and an ln1t1a1 d-ose of p-CMB (zO ne/kg) " A

summary of the responses of these anlmals ls ll1-ustrated ln

Flgure L+ (bars DrErFrG)" Also lncl-ud.ed. ln thls f lgure are

the responses to thls d-ose of p-CMB of i-ntact and vagotomlzed.

d.ogs nob pretreabed wlth methoxamlne (bars A & B), anfl t'he

pretreated. d.ogs wlth lntact cardlac lnnervation (bar C). Ib

ls obvlous that nelther vagotomy nor stellate gangllonectomy

alone decreased- the potenblatlon of p-CMB AV-nod.al block by
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FlEure ¿1" The lncld.ence of AV-nodal block ln response
to-?O mg/kg p-CMB. The bars show the percent response
wlth tfrã aõtuaf lncld.ence lnd.lcated above each bar"
Ao Dogs wlth lntact card.lac lnnervatlon" B" Vag- 

.

otomlzãd. d.ogs, C. Dogs wlth intact card.lac lnnervation
pretreatea wrtrl methoxámLne" D: Vggotomlze9 d.ogs.pre-
ïreated wlth methoxamlneo E. Stellate gangllonecbomLzed'
d.ogs prebreated wlth methoxamlne, F, Vagotomlzedr 

-stãffäte gangl-lonecbomlzed dogs pre_treated w j-th mefhoxamlne '
G" Vagotõmláed., sham stellate gangllonectomlzed. d"ogs
preLreated. wlth methoxamlne.

Incidence of AV-Nodol Block with p-CMB 20 ms/ks



methoxamtne (bars D & E) 
"

combination of these proced-ures

(¡ar F) prevented the methoxamine potentiation" Howeveru the

physlologlcal slgnlficance of these results are negated" by

the observation that sham stellate ganglionectomy comblned-

wlth vagotomy was equally effectlve ln preventing the

methoxamlne potenbiatlon (bar G) '
Mosb of the anlmals which clid- not d.evelop AV*nod-al

block in response to the lnttial d,ose of p-CMB (ZO ng/Ug)

were given a¿¿ltional doses of 10-60 ng/kg p-CMB" Thls

ad-dltlona1 treatment was given as follows;

Group (f) z 3 of 4 dogs not developlng AV-nodal block

Group (f f ) '" 2 of 3 dogs not developing AV-nodal bloci<

Group (rrr): 5 to ? dogs not developlng AV-nodal block

Group (fv) z 6 of 6 dogs not developlng AV-nodal block

As expeetedu addltlonal doses of p-cMB lncreased the

tncldence ef AV-nodal block" The resulting dose*response

curves are shown ln Flgures 5 and. 6u each whLch also shows

the d"ose response curve for the dogs wlth lntact card.lac

lnnervatlon" The curves for the vagotomlzed- d.ogs (group 1)

and. the sbellate gangllonectomlzed- d.ogs (group 11) are sub-

stantlally ldentlcal wlth conbrol curves for the d-ogs wiLh

lntact cardtac innervation. However the curve showlng the

lncldence of AV-noda1 block in Lhe sham sNellaLe

gangÌlonectomtzed-u vagotomlzed dogs appears bo be somewhát

flatter. It may be concluded, howeveru th,at the state of the

card_lac lnnervation has llttIe or no effect on the

potenblaLion of AV-nodal b1ock"

'1n
/l

s



3B

...... Melhoxomìne Pretreoted- Vogofomy
--- Methoxomine Pretreoted-Slellote Gor€l'onectomy

- 
Melhoxomine Pretreoted-
Intoct Cordioc Innervotion

Cumulotive
Percent
Response

ó0

50

40

30

20
C u mulotive Dose p- CMB mgTkg

Flgure 5" Dose-response curves of AV-nodal bl-ock due
to-p-CMB" Seven vagotomlzed. d.ogs pretreated wlth
methoxamlne (0.4 ng/kÐ èooôc" Slx sbel-late ganglloq-
ectomlzed dogs preãreãted wlth methoxamlne (0"4 ng/kg)

, Eleven d.ogs wlth lntact cardlac lnnervatlon
pretreated. wl-th meËhoxamlne (0"4 or l- '6 mg/Ug) 

-'
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Flsure 6. Dose-response curves of AV-no¿al block
d;; -tã p-CMB. E'ght stellate gangllonectomlzed,
vagotomized dogs ñretreated wlth methoxamlne
(ôi¿r. ng/kù ..;*." seven sham sbel-late g?lgllon-
eciomfããdi vagotomized dogs pretreated' wlth
methoxamlne (õ"¿+ ng/UÐ -:----" Eleven d-ogs wlth
rntáct cardlac lnnðrvãtlon prebreated' wlth
mãtrroxamrne (0"4 or 1"6 ng/uÐ 
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2u Anafysls of the-Influ_ence-of Blood. Pressure on the

Incld.ence of AY-Nodal Block

The prevlous results indlcate that methoxamlne

lncreased the lneld.ence of AV-nodal block caused. by p-CMB'

and that thls effect of rnethoxamlne was not due to reflex

mechanlsms alterlng sympathetlc or vagal tone to the heart.

An lncrease ln the blood pressure t¡er se has been shown to

d.ecrease atrlovenbrlcular conductlon (78) " It 1s posslbleo

therefore o thab methoxamlne exerts lts potentlatlng effect

bhrough a dlrect effect of lts pressor actlvlty on the heart,

Statlstlcal analysls r¡as done to d,etermlne whether the ln-

crease ln blood pressure caused by methoxamlne or the fall
In blood pressure caused by p-CMB was related bo bhe

lncldence of AV-nodal bIock, Both the amounb of change and.

the level of the blood pressure after methoxamlne or p-CMB

were analyzed. The lncrease ln blood pressure caused- by

methoxamlne was taken as the maxlmal blood, pressure obtalned t

and. the fa1l ln blood pressure caused by p-CMB was taken as

the mlnlmum blood pressure obtalned before AV-nod-al block.

A1l- blood pressures reported 1n fhls section are mean

pressures (dlastoIlc + 1/l pulse pressure) except where other-

wlse lndlcated. All average blooó pressures are given wlth

bhelr standard errorsu and are compared. by Stud.entrs t-fest.
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(a) The Bo-Ig-o:C-t-he EXs-e-in Þl-ood Er:ees-l¿re Ln-Re-Euo-aqe

bo Met¡oxalILne ln the Inqreased InPIdeFpg qf 4l¿:

Nodaf_B]-o_e*k

The admlnlstratton of methoxamlne (0.4 and 1,6 mg/Ug)

prÍ_or to p-CMB caused. a marked. lncrease ln the blood pressures

of thlrty-nlne d-ogs. An analysls of thts rlse ln blood.

pressure was undertaken bo see lf it was correlated wlth the

lncldence of AV-nodal block caused by subsequent admlnlstratlon

of p-CMB QO mg/UÐ. Tabl-e I summarlzes the d.aba obtained f rom

these thi-rty-nlne d,ogs as a whole group, and from the same

thlrty-nlne d.ogs d-lvlded lnto flve subgroups Q-ø) accordlng

to thelr cardlac lnnervatlons. Fourteen of the thirty-nlne

dogs developed AV-nodal block ln response to p-CMB (ZO ng/Xg) "

Ilorvever the rlse in blood pressure after methoxamlne was not

slgnlflcantIy greater ln the fourteen anlmals developlng AV-

nodal block than j-n the tr¡renty-flve dogs not developlng AV-

nodal block" Thls laek of sLgnlflcance held true lf the

thlrty-nlne dogs were consLclered- as a group or lf they were

consldered accordlng bo the sbate of thej-r card-lae lnnervatl.on.

Slmllar analysls was mad.e comparl-ng the effect of the

absolute leve1 of blood pressure after methoxamlne on the

lncldence of AV-nod.al block caused- by subsequent admlnlsfra-

tlon of 20 ng/kg p-CMB" Table II shows thab bhe leve1 of the

blood- pressure was nob stgnlflcantly greater ln the fourteen

dogs developlng AV-nodaI bl-ock than ln the twenty-flve dogs
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not d.eveloplng AV-nod-al block.

The above comparlsons were also made uslng systollc

lnstead. of mean blood pressures (taUte III) o Nelther the

rlse, nor the maxlmum leve1 of blood. pressure were

correlated wtth the lncld.ence of AV-nodal block"

(b) The Effect of p-CMB on the Blood Pressure

p-cMB causes a faIl ln the blood pressure " An analysls

was d-one to determtne whether the degree of t'hi-s fall, or the

absolute levels reached e were relabed. to the lncld-ence of AV-

nodal block. Although lt had" been shown ln the prevlous

results (sectlon (a) above) tfiat nelther the rlse nor the

absolute level of the blood pressure after methoxamlne was

correlated wlth the lncldence of AV-nodal block, analysls was

also d.one to d-etermlne whether methoxamlne lnfluenced. elfher

the fa1l tn blood. pressure or the mlnlmum level reached after

p-CMBo

The ad.mlnlstratlon of p-CMB (ZO-AO ng/Ug) caused a

rapld. falI ln the blood pressure of flfty-three dogs, thlrty*

nlne of whlch were pretreated- wlth methoxamlne (0"+ or l- "6^g/
kg) " The relatlonshlp between bhe magnltude of thls fa1l ln

blood- pressure and. the dose of p-CMB 1s llJ-usbrated' ln the

d.ose-response curves shown ln Flgure 7 " The average blood.

pressures were calculated as percent of lnltlaI blood. pressure,

and the d.ose of p-CMB ls a cumulatlve d.ose. The magnltude of

the fal-I ln bl-ood pressure lncreased wlth the dose of p-CMB
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TABTE III

A COMPARISON BETWEEN THE SYSTOLIC BLOOD PRESSURE AFTER METHOXAMINE

IN DOGS DEVELOPING AV-NODAL BLOCK AFIER p-cMB (2O nrg/lr¡g) AND THOSE

DOGS NOI DEVELOPING AV-NODAL BLOCK AFTER p-CMB (20 mg,/kg)

Average Systolic Blood
Pressure with Standard

Emors

14 Dogs Developing
AV-Nodal Block after
p-cMB (2o ns/]r;e)

25 Dogs Not Develop-
ing AV-Nodal Bloek
After p-CI\ß (20 nglkg)

P

Rise in Systolic Blood
Pressure after Methoxamine 74"2 t I,L '32.O ! 6.6 > 0.8

Ler¡e1 of the Systolic
Blood Pressure After
Methoxamine

202"8 ! 7,9 L84.4 ! 7.4 < o"@5
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Not Pretreoled
PretreoÌed with

with Methoxomine
Methoxo m ine

r00

90

80

Foll in 70
Blood Pressure

mm Hg ó0

50

40

30

20

l0

0 20 30

Dose p-CMB

Flgure ?, Dose-response curves of-the fal.I ln b1ood.
pressure caused Uy þ-CwIB calculated as l" of lnltlal-,
bfre ave?age bloo¿ pressures are glven .'ntlth thelr
standard õrrors. Fourteen dogs not pretreated wlth
methoxamlne " Thlrty-nlne Êogs pretreated'
wlth methoxamlne (0"4 oPlo 6 ng/l<g) 

-o
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!n bhe group of anLmals not pretreated wlth methoxamlne.

Hortrever the meLhoxarnlne pretreated, anlmals showed l'¡ery ltttle

change i-n bhe magnltude of the fall ln bl-ood pressure wlth

lncreaslng doses of p-CMB" The methoxamlne-pretreated-

anlmals demonstrated a slgnlfLcantLy greater faI1 in the

blood pressure ln response to bhe standard lnltial d.ose of

20 mg/kg p-CMB than d.i-d the anlmals not treated- wlth

methoxamlne (P < O"O1 - Table IV) 
"

The relatlonshlp between the cumulatlve dose of p*cMB

and the absolute level of the blood pressure obtalned ln

response to p-CMB is lllustrated- ln Flgure 8. In both groups

of anlmals the l-evel of the blood- pressure obtained after

30 ng/kg p-CMB was no less Lhan that obtal-ned af ter 20 mg/kg.

Howevern 40 mg/kg caused, an abrupt change to a lower leve1 of

bl-ood pressure ln the group of anlmals not treated. with

methoxamlne. Doses larger than 4O ng/Ug caused- a d"ecrease ln

the fevel of the blood" pressure ln both groups of anlmals"

Desplte thelr hlgher lnltial blood. pressures the

methoxamlne-pretreated, anlmals had a lower blood pressure

after 20 ng/kg p-CMB than dld the anlmals not treabed wlth

mebhoxamlne, ilowever, bhis d if ference d-ld- not approach

statlstlcal sj-gnlflcance (p > 0"1 - TabIe IV)" Approxlmabely

the Same level of blood- pressure was obbalned- ln both groups

of anlmals 1n response to d.oses of 40 mg/kS or more of p*CMB"

The above results tnd-icate that the magnltude of Lhe
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A COMPARISON BETWEEN TIÍE AVERAGE

DOGS PRETREATED WITH METHOXAMINE

AFTER p-cMB (20 nelkà rN THosE
NOtr PRETREATED WITH METHOXAI'IINE

TABLE IV

BI.OOD PRESSURE

AND THOSE DOGS

FaI1 in Mean Blood
Pressure Af ter P-CTItIB
( 2O ne/ke)

Average Blood Pressure
with Standard Errors

8 Dogs
Not Pretreated
With Methoxamine

, 39 Dogs
Pretreated with

Methoxamine

97.8 + 8.3 36.7 t 14.1

89.5 1.11.966.9 t 6. 6
Level of tbe mean
Blood Pressure After
p-CMB (2o mglxs)
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----'Not Pretreoted

-Prelreoted 

with
with Methoxomine

Methoxomine

120

ilo

100

90

80

70

ó0

50

40

30

20

t........
1,..t\Blood Pressure

mm Hg

30 40 >40
Dose p-CMg mg/kg

Flgure I " Dose-response curves of bhe level of the
blood pressure obLalned. after p-CMB. The average
bl-ood. pressures are gLven wlt,h bhelr standard.
errors. Fourteen ðogs not pretreated wlth
methoxamlne " Thlrty-nlne dogs pretreated
wlth methoxamlne (0.4 or L6 ng/kg) 

-.
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fal-l ln blood pressure in response bo p-CMB ln the

methoxamlne-pretreated anlmals dld, nob increase wlth the dose'

Thi-s ls reflected by the same l-eve1 of blood pressure belng

obtalned wibh elther 20 or l0 mg/L<g p-CMB. Slmllar results

were also obtalned wlth the lncl-dence of AV-nodal block and-

the dose of p-CMB (sectlon 1), or the P-R lnterval (sectton

þ). The d.ose-response curves ln Flgures 3, 4 and 11, pâge 66,

show that the lncld.ence of AV-nod,al block was the same ln

response to 20 or 30 rng/kg p-CMB. An explanatlon for these

unusual observatlons may be that the anlmals whlch d.ld, not

respond to 20 rng/kg p-CMB showed conslderable reslstance fo

Lhe effects of p-CMB, and. therefore only respond.ed- to hlgher

d-oses of p-CMB (40-eo ng/ug) .

(c) The Effect of the Fa]I and

Pregsure After-p-CMB o

Nodal_BIeck

The above results lndlcabed thab p-CMB had' greater

effect on the blood pressure ln the methoxamlne-pretreated

anlmals than ln the anlmals not treated. wlth methoxamlne.

As thls mtght be a posslble mechanlsm of mebhoxamlne

potentlatlonu the data were analyzed. further ln an attempt

to relate the decreases ln blood pressure wlth the lncld.enee

of AV-nodal bl-ock 
"

The relatlonshlp between the magnltude of the fall- ln
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blood pressure after p-CMB (ZO - B0 ng/Ug) and the lncldence

of AV-nodaI block |s ltlustrabed ln Flgure 9. Flfty-three

dogs were d"lvld,ed- lnto four groups z G) Those d-ogs ?ecelvlng

p-CMB ( Z0 ng/kg) wlthout prlor ad.mlnlstratlon of mebhoxamlne.

(b) Those d.ogs recelvlng p-CMB (regardless of the d.ose) wlth-

out prtor ad-mlnlstration of methoxamlne. (c) Those dogs pre-

treated wlth rnethoxamlne (O "4 or L6 ng/Ug) and. recel-vlng

p-CMB (ZO ng/ug) " (d ) Those d.ogs prebreated. wlth mebhoxamlne

(0"4 or 1.6 ng/k{ ana recelvlng p-CMB (regardless of the dose)

The lncldence of AV-nodal block in Lhese four groups of

anlmals ls expressed. as a percent, slnce both those anlmals

developlng AV-nodal block and bhose anlmals not developlng

AV-nodal block are lncluded.. The ranges of blood- pressure

were selected. arbltrarlly and compared wlth the lncldence of

AV-nod.al block ln each of t,he above four groups of dogso A

greater faII ln the blood pressure was assoclated wlth an ln*

creasd lncldence of AV-nodaI block ln response to p-CMB !n

all four groups of dogs'

The Same comparlson aS above was mad.e wlth the 1evel

of the blood pressure after p-CMB (ZO-8O mg/kg), and- the

lncldence of AV-nod-al block (Ftgure 10) " A hlgher lncidenee

of AV-nodal block ln response to p-CMB was also assoclated

wlth a lower blood pressure 1n all four groups of d-ogs"

Further analysls was underbaken to see lf there was

staListlcal evldence for the above relatlonshlp between the
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ó0
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0

lo0

90

80

c,2

4l-80 8l-
Foll in

8l-l40 Over'140

Blood Pressure mm Hg

Flgure 9. The relatlonshlp of the fall ln mean blood
pressure caused. by p-CMB and the inclflence of AV-nod'a]
Ltoct<. The bars represent dogs grouped. accor¿lng bo
thelr blood pressures Just before b1ock. Tþ" flgures
over the barË show the actual lncldence of AV-nodal
b10ck. The ordinates lnd,lcabe the lncld.ence of AV-
nodal block as a percenL. Ao Those d.ogs recelvlng
p-CMB QO ng/r.g) wlthout prlor admlnistratlon of
methoxamlne. Ë: îhose dðgs recelvlng p-CMB (regard-
less of the dose) wlthout prlor ad-mlnlstration of
methoxamlne. C. Those dogs pretreated. ,w1th mebhoxami-ne
(.õ.4-ór r"¿ ns/ue) and recõlvlng p-cMB eo ng/yg).
ó" 

- 
Those aogã pietreated wrtrr ñ'etnoxamlne (0"4 or 1"6

*älueï-á"¿ "ãã"iurng 
p-CMB (regardless of the d.ose).
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l¡igu-re 10. The relatlonship of the l-eveÌ of mean
blõod pressure after p-CMB and the j-ncldence of AV-
nodal- bf<¡ek" The bars represent dogs grouped
accord,lng to their blood pressur"es just before block"
The figures over the bars show the actual incidence
of AV-ñodal b-Lock, The ordinates lndicaLe fhe
incid,ence of AV-nodal btock as a percent. A" Those
cogs receiving p-CIIB (ZO ng/k1)_v,rithout prior admin-
istratlon of methoxamlne. B'. Those dogs receiving
p.-CMB (regardless of bhe dose) without prior
âominisbrãt,ion of methoxamine. C" Those dogs pre-
Lr.eated with methoxamine (0"4 or f "6 ng/Ug) and re*
ceiving p-CI1B (zo ng/ug) " q" Those dogs pretreated-
wlth mãthoxamine (ol+ õr l-.6 ryg/L'g) an¿ receivlng
p-CiviB (regardless of the dose).
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lncldence of AV-nodal block and elther the falI 1n blood

pressure or the level of the blood- pressure obbalned |n

response bo p-CMB. A comparlson of the bl-ood pressure

response to p-CMB QO ng/Ug) was made between those

anlmals developlng AV-nodal block and those anlmals not

developlng AV-nodal block ln response to 20 ng/kg p-CMB.

The average blood- pressures used. ln thls comparison were

obbalned from forty-seven dogs, thlrty-nine of whlch were

pretreated wlbh methoxamlne. The results of thls

comparlson are summarlzed- in Tables V and- VI.

one of eight dogs not pretreated wlth methoxamj-ne

¿evelope¿ AV-nodal block ln response to p-CMB (ZO ng/Ug) "

Thls dog demonstrated a greater fall to a lower level of

blood pressure than the remalnlng seven d.ogs (Tab]es V (3),

and vI (3) ).
Fourteen of the thlrty-nlne methoxamlne-pretreated

d,ogs developed AV-nodaI block ln response to p-CMB

QO mg/U{. These fourteen d.ogs showed. a slgnlflcantly

greater falI to a lower level- of blood pressure P < 0"001t

and p ç O.OOI respectlvely (tables V (4), and VI (4) ).

Thls clear cut dlfference ln the blood pressure

response to p-CMB (ZO ßg/k.g) between those anlmals develop-

lng AV-nod.a1 block and those anlmals not developing AV-nod'aI

block ln the whol-e group of thlrty-nlne methoxamlne-pretreab-

ed dogs dld not hol-d. true lf these d.ogs were dlvlded. into sub
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groups (tables V (5*Ð , and- VI (5-9) ) accord.ing to thelr

cardlac lnnervatlon"

Flve of eleven d-ogs wlth lntact card-lac lnnervatlon

developed AV-nod,al block ln response to p-CMB (zO ng/uù .

These flve dogs d-emonstrated- a sLgnlflcantly greater fall

to a lower level of blood. pressure P < 0.001 and P < 0"001

respeetlvely (Tabtes v (5), and. vr (5) ).

Four of seven vagotoml"zed- d.ogs d.eveloped- AV-nod-a1

block ln response to p-cMB (ZO ng/Ug). The fall and. the

]evel of blood pressure were not slgnlflcantly greater ln

these four d-ogs P > 0.3 and. P > 0.7 respectlvely.

(Tabtesv (6), and. vr (6) )'
Three of six stellate gangllonectomlzed- d-ogs

d-eveloped. AV-nodaI block in response to p-CMB (ZO ng/t<{ '

The three dogs not d-eveloptng AV-noda1 bl-ock had a greater

faI] Lo a lower level of blood pressure; however, thls was

not slgnlflcant P >0.6 and P > O.B respecbively(Ta¡les V

(?) , and vr (?) ).
One of elght vagotomlzed- and stellate gangllonectomlz-

ed- d.ogs developed AV-nodal block ln response to p-CMB

QO ng/Ug) . Thls one d.og d.emonstrated a greater fa]l Lo a

lower level of blood pressure (Tables V (A), an¿ VI (B) ).

One of seven vagotomlzed. and sham stellate

ganglionectomlzed dogs developed AV-nodal block ln response

to p-cIB (zo ng/ug) " Thls one d.og showed a greater fall to a



58

lower leve1 of blood pr.essure than the other seven dogs

(Tabl-es v 9), and vr (9) ).

Al-1 the changes ln blood pressure reported above

were calculated as absolute change " Therefore an add-ltlonaI

analysls was carried out whlch showed. that there was no

dlfference ln the slgnlflcance of the changes ln blood.

pressure whether they were calculated as absolute or as

percent of the lnitlal 1evel of blood- pressure.

These results lndicate that the blood- pressure

response co p-CMB QO mg/lxg) fs related. to the lncld-ence of

AV-nodal blocko However the blood. pressure is not the only

factor lnvolved. For example lf bhe cardlac innervatlon is

changed the bIood. pressure is no longer clearly a d-etermlnant

factor ln bhe productlon of AV-noda1 blocko

3, Analysls of the Role of Changes in Heart Rate on fhe

Incldence of AV-NodaI Block

Changes 1n the hearb rate can lnfluence atrloventrlcular

transmlsslon" If the slnus rate ls greater than the refractory

perlod of the AV-node, atrloventrlcular cond.uctlon wl11 be

bl_ocked. Some lndlcatlon as to the mechanlsm of methoxamlne

potentlatlon would be apparent if the changes ln heart rate

produced by methoxamlne or p-CMB were correlated- wlth the

lncldence of AV-nodal block, Therefore, a statlstical anafysls

was done to debermlne lf there was a relatlonship between

changes ln heart rate and, the incldence of AV-nodaI block.



59

The changes ln hearb rate produced. by methoxamlne

we¡te taken as the maxl-mum change before the admlnlstratlon of

p*ÇMB, The ch4ÞBes ln heart rate produced. by p-CMB rdere taken

as the maxlmum before AV-nodal block. The changes 1n heart

rate were compared by Stud.entrs t-test, and by Studentrs

t-test for palred. data. All means are glven wlth thelr
stand.ard errors.

(a) The Effect of Methoxamlne on the Hear! Rate

. The changes ln heart rate after methoxamlne were

analyzeð, sbatlstlcaIly ln thtrty-nlne dogs wlth varlous

cardlac lnnervatlons. Thlrty-slx of these d-ogs recelved.

0"4 mg/kg methoxamlne, and three dogs recelved. 1"6 mg/km.

The d.ogs were dlvlded. lnto two groups, one conslsted- of

seventeen dogs wlth lntact vag1, the second belng twenty-two

vagotomlzed dogs.

In the dogs wlth lntact vagl methoxamtne caused an

average decrease tn the heart rate of 4J"3 ! 3.1 beats/mln,

(p < 0"001). However methoxamlne oaused a d.ecrease ln the

heart rate of 20-30 beats/mln ln only four of the

vagotomlzed- d.ogs 
"

The decrease ln heart rate ln the dogs wlth lntact
vagt was not rel-abed. to t,he tncldence of AV-nodal- block.

Methoxamlne caused an average decrrease of 3l-,2 i I 
" 
6 beahs/

rnln tn B of I? d.ogs developlng AV-nod.aI block ln response to
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p-cMB Qo ng/kù. The nlne dogs not developlng AV-nod.a1 block

had a decrease in bhe heart rate of 41.1- ! 7"J bealus/mino The

d.lfference between these two groups of d.ogs was not

slgnlflcant (f > 0.3) 
"

(U) The Effect of p-CMB-on the Heart Rate

Analysls of the change in heart rate caused by p-cMB

(ZO-AO ng/UÐ was carrled out ln flfty-three dogso thlrty-nlne

of whlch were pretreated wlth methoxamlne" A summary of thls

d-ata 1s contai-ned ln Table VIÏ 
"

Cumulatlve doses of p-CMB (eO*gO m4/y'g) were admln-

Lstered to fourteen d.ogs nob pretreated wlth methoxamlne u slx

of whtch had been vagotomlzed"

Fl_ve of the elght dogs with lntact cardlac i.nnervatlon

recelved 20 mg/kg p-CMB" Thelr heart rates dld nof change.

Three of the slx vagotomlzed. d,ogs recelved" 20 n'/kg p-cMB"

Thelr heart rates d,ercreased by aO t l-0 beaLs /n[n (p < O'05) 
"

Doses of p-CIVIB greater than 20 mg/kg decreased- the

heart rate equatly in vagobomlzed and lntact dogs' These

fourteen d.ogs were therefore hand.l-ed- together for the purpose

of statlstlcal analysls" Four dogs received p-CllB (30 ng/Ug)

an¿ showed an average decrease in heart rate of 52.5 ! 3"6

beabs/mln (p < 0.001-); nlne d.ogs recelved. 40 ng/kg and- showed

an average decrease of 55.5 i 8"3 beats,/min (p < 0"001); and''

flve d.ogs recelved 40-80 mg/kg and showed- an average decrease
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of 66 ,o : 22 ,4 beats/ml-n ( P < o .05 ) "

Cumulattve doses of p-CMB (ZO-AO ng/kÐ were admln-

lstered to seventeen methoxamlne-pretreated d.ogs havlng inbact

cardlac lnnervatlon. The lnlttal d-ose was 20 ng/kg ln each,

nelther thls nor addltlonal doses up to 40 ng/I<g caused con-

slstent changes ln the bearb tate. Some dogs responded wlt'h

a bradycard.la or a Eaclnycardla whereas others showed no change.

Flve dogs recelved doses of p-CMB greater than 40 ng/g.g"

These d.ogs demonstrated. an ave?age decrease ln the heart rate

of 4z"o j ?.1+ beaLs/ml-n (P < o.o1).

cumulatlve d'oses of p-cMB (zo-go ng[xg) were ad'mln-

lstered to twenty-two methoxamlne-pretreated vagotomized dogs.

All the dogs recelved p-CMB QO ng/xg) as the 1nLtla1 d-oseo

The heart rate was unchanged- in elghteen of these d'ogs. How-

everu lD fourteen d.ogs 40 ng/kg p-CMB caused. an average

d.ecrease1ntheheartrateof1?'1:6"1beats/mLn(p<
Doses of p-CMB greater bhan l+0 ng/kg caused. an average decrease

tn the heart rate of 60"0 J 20.9 beats,/mln ln flve d'ogs' Thls

also was slgnlflcant (P < 0"05).

The lncldence of AV-noda1 block af¡er 20 trtg/kg p-CMB

was not comeLated. wlth the above changes in heart rate.

Fourteen d"ogs developi-ng AV-nodal block had an average ln-

crease ln the heart rate of 4,2 ! 9.1 beats/mtn (p > O'?)"

Twenty-flve d.ogs not developlng AV-noda1 block had' an average

lncrease |n bhe heart rate of 3,2 ! 3"4 beats/m[n (p > 0"4) '
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The above results d.emonstrate that' there ls no

rel-atlonship bebinl'een the changes in heart rate produced by

ei-ther mebhoxamlne or p-CMB and the lncl.dence of AV-nodal

bloek" Thts then lndlcaLes that effects on the heart rate

a?e nob lnvolved in the potentlatlng effects of mebhoxamlne.

4" 4naly_s!s of the El-ectrocAr<1:rogfaphlq ChAnEes Produced-

bv n*CllB and- Meûhoxamlne

The changes ln the F-R interval and- the Q,RS complex

on the eleei;rocard.logram were analyzed statlstically by

Lltudente s t,-test o and Studenti s L-tesb for palred- data " Af l-

means ar:e glven with their standard erycrs' The changes

caused, by methoxaml-ne Were taken as bhe maxlmum change before

the adminlstratlon of p-CMB" The changes caused by p*CPÎB

were taken as the maxlmum before AV-nodaI block.

(a) lhe E-Lf,-eet o{ PJe'Lhoxamlne on the P-=R Inte-rval

Analysl-s of the ehanges in the P-R lnterval after

meLhoxaml-ne (0"4 or 1.6 ßg/lxg) were carrled- out ln a total of

thlrty-nf-ne d.ogs whieh had varlous card-lac lnnervations as

deseribed- tn the previ-ous sectlons.

'(r) The_þtal Group of Thirtv-nlne le€e

The P-R lnterval was lengthened from 10-40 msee ln

only nlne of these d-ogs; bhe remainlng thirty dogs did. not

exhiblb any change. The nine d.ogs d.emonstra.tLng an lncrease
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1n P-R interval d-lf fered ln cardiac innervaLions " Fl'/e dogs

were lntacto one WaS vagotomizeÔ., two had combined vagobomy

and stellate gangionecbomy, anC one was vagotomlzed- anÕ sham

stellate gangllonectomized 
"

(rr) ÞÞç-t-Qçes
The P*R lnterval was lengthened ln flve of the el-even

dogs wlth intact cardlac lnnervablon" The average lncrease

ln P-R for all eleven d.ogs was 10"0 i 4"0 msec (p < 0"05i"

Í'our of t-he flve dogs demonstratlng thls lncrease In P-R

interval. recei-ved. methoxamlne 0.4 ng/kg and one I.6 ng/lø1"

Four of the sl-x d.ogs not demonsLraLlng an increase |n P-R

lnber',na1 recelved. methoxamlne 0.4 ng/kgu the obher two re-

celvl-ng the hlgher dose. Of the f lve d-ogs demonstratlng an

lncrease tn P-B interval o only bhree developed AV-nodal block

to subsequent adminlstratlon of p-CMB (ZO ng/Ug) " T\nro of Lhe

slx d.ogs whose P*B i-nterval was not lengbhened by meLhoxamlne

itself developed AV-nodat block Lo subsequenb ad.mlnisbration

of p-CMB Qo ng/kg) .

The above data show that there is no relaLlonship 'be-

tween the increase in P-8. interval eaused. by meùhoxamlne and

the incldence of AV*nodal block caused by subsequent admin-

tsLratlon of p*Cl{B.

l¡] The Er'fen.t-. nf n-CMR or¡ the P*R Inter.v'aitL'.' j!1¡ç-!-!-j!-Zv-l:1Y:1 v-Yl-j: Y¡ --- 

-- 
- 

---

p-CIvlB eonsf stently lengihened the P*R i-nterval"
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Analysls was carrled out to see lf mebhoxamine influenced.

this lncrease ln P-B tnterval caused. by p-CMB"

The administratlon of cumulatlve doses of 20-80 mg/kg

p-CMB caused a rapld. lncrease ln the P-R lnberval in flfty-

three d"ogs, thlrty-nlne of whlch had been prebreated wlth

methoxamlne (0.4 or 1.6 mg/kg). The relatlonshlp between the

magnltude of thls lncrease 1n P-R lnberval- and the close of

p-CliB ls lllustrabed ln Flgure 11, In both groups of d-ogs the

lncrease ln P-R interval ln response to 30 mg,/kg was no greater

than that ln response to 20 ng/kg. In the group of dogs not

pretreated. wlth methoxamlne, 40 ntg/kg p-CMB caused an abrupt

increase ln tLle P*R tnterval. However, ln the methoxamlne*

pretreated dogs the increase in P-B lnterval ln response to

40 mg/kg was no greater than bhat in response to 20 ßg/xg.

Doses of morte than 40 ng/L<g caused a large increase ln the

P-R lnterval ln both groups of dogs " The lnfluence of p-CMB

on the P-R lnterval therefore parallels the AV-nod,a1 blocklng

e ffect"
The lnltlal dose of p*CMB (ZO mg/uù was used. in

analyzlng the effect of methoxamlne on the lncrease ln P*B

lnterval caused. by p-CMB. The lncreases ln P-R lnterval ln

response to p-CMB (zo ng/i -g) rn both the methoxamine-pre-

treated. group of dogsu and bhe group of d.ogs not pretreated.

wlbh mebhoxamlne were slgnlflcant (p < O.OOI and- P < 0"05s

respectlvely)" p-CMB QO nS/I<ù caused. a slgnlflcantly
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Chonge in
P-R Intervol

sec,

30 40 >40
p-CMB mg/ks

F1-gure 11" Dose-response curvæ of the change in P-B
i-nterval- caused by p-CMB" The average P-R lntervals
are glven with thelr stand-ard errors" Fourteen d"ogs
not pretreated wlth methoxamlne . fhirty-nipe
d-ogs pretreated. with methoxamlne (0"4 or 1"6 ng/ug)

20
Dose
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ì-arger i.ncrease 1n the P-B lnterval ln the methoxamine

pretreated- d-ogs (p < 0.05) o desplte the fact that methoxamlne

by ltself d.ld not slgnlflcantly lncrease the P-B lnterval"

p-CMB (ZO ng/lx1) lncreased the P-R lnterval wlthout

alterlng the heart rate ln bwenty-flve of the methoxamlne-

pretreated. d.ogs and flve dogs not treated wlth methoxamlne.

Therefore the above changes ln P-R lnterval were not d.ue to

changes ln the heart rate o

The above resul-ts lnd.lcate that methoxamlne

potentlates the effects of p-CMB on the P-R lnterval- although

lt d.oes not have a slgnlflcant effect ltsel-f " The greater

lncidence of AV-nodal block in the methoxamlne pretreated.

anlmals was paralleled by a slgnlflcantly greater lncrease ln

P-R lnterval"

(c) The-Effect of Methgxamlne and of p-CMB on the

Duratlon of the QRS-ComPleå

The duratlon of the QRS complex of bhe electro-

cardlogram was not slgnlflcantly altered by elther methoxamlne

or p-CMB.

Methoxamlne caused a change ln the d.uratlon of the QRS

complex ln only slx of thlrty-nlne d.ogs. Three of eleven d.ogs

wlth lntact cardiac lnnervatlon, and. one of slx sympathectomlzed.

d.ogs showed. an increase u whtÌe two of seven sham stel-late

gangllonectoml-zeð. and vagotomlzed- d.ogs showed- a decrease.
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p-Clts (2O-AO ng/xg) caused. a change in the d.uration

QRS complex ln only slx of flfty-bhree d.ogs' Thls

was not related. to pretreatment wlth methoxamlneu or

state of the cardlac lnnervatlon.

C " DTSCUSSION

The results ln thls sectlon have shown that p-CMB

causes AV-nodaI block" The lncld.ence of thls block was ln-

creased by lncreastng the dose of p-CMB' V¿gotomy also

appeared to cause an lncrease ln the lncldence of AV-nod-a1

blocku but thl-s lncrease was probably attrlbutable, ãt least

ln part, to the hlgher lnltlal doses of p-CMB glven to the

vagotomized. d-ogs 
"

The admlnlstratlon of methoxamlne before p-CMB ln-

creased- the lncld,ence of AV-noda1 block" Thls potenblatlng

effect of methoxamlne was not d.ue to reflex effects which

alter the sympathetlc and vagal tone to the heart. Neither

stellate gangllonectomy nor vagotomy altered. thls lncreased.

lncidence of AV-nodaI block. However the comblnatlon of

vagotomy and stellate gangllonectomy abollshed. thls lncrease.

The comblnatlon of vagotomy and. sham stel-late gangllonectomy

also abollshed. the lncreased. lncldence of AV-nodaI bIock.

These unusual flndlngs mlght be explained by the following"

The surgical procedure invol-ved, ln the removal of bhe stellafe

ganglla could- cause the reflex release of endogenous
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catecholamines from the adrenals, heart or other tissues"

These catecholamlnes then could cause an lncrease ln atrlo-

ventrlcular cond.uctlon, thus antagonlzlng the depreSsant

effects of p*cMB" However thls would not apply to the

stelfate gangllonectomlzed- group of dogs who had lnbact

vagl, as the vagl could compensate for the effect of the

released" catecholamlnes" Therefore a comblnatlon of vagotomy

and- the surglcal procedure 1s necessary to abollsh the ln*

creased j-ncj.dence of AV-noda1 bl-ock caused by mebhoxamlne'

There was no correlatlon between the pressor response

of met,hoxamlne and. the lncldence of AV-nodal block caused by

p-CMB. Thls indlcates that factors other than the pressor

response aîe lnvolved. tn the potentlating effects of

methoxamine "

. p-cMB was shown to cause a greater fa11 ln the bIood.

pressure tn the methoxamlne-pretreated animals. The results

tend to lndlcate that thls decrease ln blood pressure is d-ue

to cardlac depfession wlth subsequent reductlon of card'iac

output. The actlon of methoxamlne therefore would be to

potentlate thls depressant effect of p-CMBr resulLlng ln a

greater fal1 ln the blood pressure 
"

The question arlses, however, of how much of the fal]

ln blood pressure caused by p-CMB ls a result of peripheral

vasodllatatlon" Such vasodllatatlon coul-d- cause venous

pooltng, thus reduclng the card-lac output sufflciently to
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decrease the coronary blood flow. If hypoxla of the heart

resul-ted from the red.uctlon ln coronary blood. f1ow, vaso-

d.llatatlon could be a contrlbutlng factor ln the productlon

of AV-nodal block" The fall ln bIood. pressure to a lower

Ieve1 ln the methoxamlne-pretreated. anlmals may lndlcate that

p-CMB causes a greater d.ecrease in card.lac oufpuf and-

coronary blood- fIow, and bhus produces a more hypoxlc heart.

IL appears posslble that bhe larger fal1 ln blood. pressure

shown ln the methoxamlne-pretreated anlmals could be d.ue to

hypovolemla caused by methoxamlne. FlnnerLy Qg) showed. that

noradrenallne caused hypovolemla, whlte Sutter (80) showed-

that norad.renallne prod,uced- hypovolemla by causlng loss of

proteln-free fluld. from the vascular compartment' If p-CMB

causes vasodllatatlon or card.lac depresslon, then a greater

fall ln blood pressure would be seen ln anlmals maiLe

hypovolemlc by methoxamlne. However the above studles showed-

also that a conslderable amount of tlme was lnvoIved. 1n ord.er

for hypovolemla bo d.evelop. p-CMB was ad-mlnlstered. too soon

after methoxamlne to allow sufflclent tlme for hypovol-emla to

develop. Therefore the greater fall ln blood. pressure ln the

methoxamlne pretreated- anlmals is not llkely to be d-ue to

hypovolemla "

A number of facLors however, are not ln accord. wlbh

hypoxla belng the cause of AV-nod.al- block. A falI ln the

bl-ood- pressure would. cause a reflex lncrease ln the sympathetLc



tone to the hearfo tendlng anfagonize the d.epressant

effects of p-CMB or hypoxla, rather than enhanclng bhem.

Al-so it has been shown that p-CMB has a dlrect depressant

actlon on the heart. p-CMB was shown to decrease the heart

raLe and lncrease the P-R lnterval- ln vagotomized- d'ogs.

Both the faII In blood pressure and" the level of

blood pressure obtalned ln reSponse to p-CMB were shown to

be related to the lnctdence of AV-nod-al block. However thls

relationshlp was lnfl-uenced by the cardlac lnnervation of the

anlmals " A htgh lncidence of AV-nodal block was evld-enced by

both the vagotomlzed group of d.ogs and the stellate

gangllonectomlzed- group of dogso However nelther of these

two groups of d-ogs showed any relablonshlp between the faII

or level of the blood pressure and the lncld-ence of AV-nodal

block" Other factors in ad"d.ition to the blood pressure must

therefore be lnvolved. in the genesis of AV-nod.a1 bIock" These

results tend to ind.lcate that the fall ln b]ood. pressure is a

result of a depressed, heart, but that the cardlac d-epression

ls not always manlfested ln a faI1 ln blood pressure.

The changes ln heart rabe produced- by either

methoxamlne or p-CMB were not related to the lncld-ence of AV-

nodal block. Therefore the heart rate ls probably not one of

the factors lnvolved ln the potentlatlng effect of methoxamlne.

The electrocardiographlc changes produced- by p-CMB

lndlcate that p-CMB has a preferentlal effect on the atrlo-

7r

to
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ventrlcular conductlon system, p-CMB was shown to eause a

lengthenlng of bhe P-R lnberval wlthout causlng any change

ln the duratlon of the QRS complex. Thls lndlcabes LhaL

p-CMB causes a depresslon of abrlovenbrlcular conduetlon

wlthout alterlng lntraventricular eonductlon" However p-CMB

prod.uced. AV-nod-aI block wlthout ventrlcular ectoptc foclu

lnd.lcatlng that ventrlcular automatlclty ls d.epressed."

Methoxamlne d.ld not slgnlflcantly alter the P-B

lnterval. However a greater increase ln the P-R lnterval ln

response to p*CMB was obtalned. ln bhe methoxamlne-pretreabed

anlmals" These resulbs lnd.icate that methoxamlne potentlafes

the depressant effects of p-CMB whlle not havlng any

depressant actlon of lbs own at that d-ose. However further

lnvestlgatlon (secülon IV) tnd,lcates that rneLhoxam.lne d.oes

depress atrloventrlcular cond.uctlon 
"



SECTION IV

THE EFFECT OF P-CMB AND METHOXAMINE ON THE FUNCTIONAL

REFRACTORY PEBTOÐ OF ATRIOVENTBICULAR TRANSMISSION ANÐ

ATRIOVENTRICULAR CONÐUCTION TIME



Ao INTRODUCTION

A number of reports have lndlcatefl that methoxamlne

has a d.lrect depressant effecL on the heart Q6r3Or33r34r35u

36r3?)" It therefore seemed posslble L¡¡at the potentlatlng

actlon of methoxamine reported. in the prevlous sectlon of

results was d-ue to a combinatlon of the dlrect d.epressant

effect of mebhoxamlne and- p-CMB on the heart' A change ln

the refractory perlod- or conduction tlme 1n the atrlo*

ventrlcul-ar conductlng tlssue musb precede the development

of AV-nodal block" Such changes are a graded. phenomenae

whereas the d.evelopmenL of AV-nodal block ls all or none.

Therefore ln ord.er to obbaln a more detalled stud.y of the

mechanlsm of methoxamlne potentlatlon, the effects of these

two agents were tested on the functlonal refractory perlod.

of atrloventrlcular transnlsslon (FRP) and atrloventrlcular

conductlon ttme (CT) 
"

The FRP and- CTu as well as the effects of varlous

drugs on these paramebers have been studled by Krayer et aL

Qz), Kohll (?B), rnnes et al (Br), and Mendez eL ar (gz) '
the FBP ls obtalned from the mlnlmal lnterval between two

ventrlcular lmpulses whlch are propagated. from the atrlum"

The FRP ls the measurement of the refractory perlod of that

parb of the atrloventrlcular cond.uctlng system wlbh bhe longest

refractory perlod-. Therefore the FBP includ"es the refractory

perlod. of the AV-node u the bundle of Hls wlth lts branches,
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and. bhe PurklnJe fibers. It also lncl-ud.es the refracbory

perlod. of the tissue from the atrlal muscle to the AV-node 
o

and of the venLrlcular muscle. CT includes all ühe steps

lnvolved in the spread of an lmpulse from atrlal to

ventrlcular muscle QZ) "

Mendez (83) showed- that the FRP was d-ependent on the

lmmedlately preced.lng cycle lengbh, Thus the FRP would be

longer at slower heart rates o Because of thls flndlng the

hearb rate was kept constant throughout each lndlr¡ldual

experlment in this sectlon" This was d.one by drlvlng the

hearL at a. rate of 20-30 beats/mln greater than the Inttl'a]

heart rateo

The general course of an experlmenb was as follows"

One control recordlng for bhe measurement of FRP was made

d"urtng the control period" Ten mlnutes was allowed- betrtreen

each FtsP determlnation. The various d.oses of the d.rug

(methoxamlne or p-CMB) were lnJecbed three mlnubes prlor to

the next Oetermlnatlon of the FRP" All the data was com-

pared on bhe basls of the orlglnal control rulf,o

AII the data ln this sectlon were compared- by

Studentes t-test for palred- datau and all the means are glven

wtbh bheir stand,ard errors 
"
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B. RESULTS

1" The-ErreçË- ç! Incrcaçlnq- ¡?qs.e-'ç ql p:ÇlïE q¡ -!he

Func t t onalJqf ract o¡:y 
-P--e 

r i od Q-f A t-råove n þ r leulaf

Tr_anqU1S.S l.qn_

p-CMB was admlnlsLered to ten vagobomlzed d-ogs" The

tnltlal d.ose was 5 ng/Rg ln three d.ogs; 10 mg/Ug ln ftve d.ogs;

and 20 ng/kg Ln two dogs" Seven of the ci.ogs reeelved.

add.ltlona] d,oses of p-CI{B to reach total doses of 20-40 mg/L<g'

Cumulatlve doses of p-CMB (5*l+O ne/kù lengbheneè the

FRP by ll to 56 msec, The resulbs a?e shown ln Table VTÏÏ.

The lengthenlng of the FtiP ln response bo 1.0 , 2A, and 30 mg/kg

T¡rere statlstlcally slgnlf lcanL" Slx of bhe seven anlmals re-

cetvtng p-CMB (40 mg/kg) d-eveloped AV-noda1 block at bhe

d,rlvlng rate and therefore the measurement of the FRP could-

be mad.e ln only one anlmal"

The average lncrease tn FEP ln response to 2o mg/kg

was less than the average lncrease ln response to 10 m8/k8"

Thls ls probably conLrlbubed to by aog #2 u¡hlch demonstrated-

a decrease ln the FRP ln response to 20 mg/kg, and dogs #4

anð, #6 whose FRP d.ld. not lncrease further when the dose of

p-CivlB was lncreased- from 10 ng/Ug to 20 mgilr.g.

Increastng the dose of p-CMB from 10 mg/Xg to )0 ng/kg

not cause a slgnlflcanb lncrease ln the prolongation of

FRP. The dlfference in bhe mean lnereases ln FBP between
^4,1

the
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TABI,E VIII

THE EFIrEST OF CIJIM,LATTÌÍE IÐSES OF p-CT{B ON THE FT'N TTONAL REFRACTORY

PERIOD OF ATRIOVENTRICULAR TRITNSMTSSION IN VAGOtrOMIZED IffiS

Dose of,
p-CÌIB
ne/ke

Dog
#

A

Control Functional
Refractory Period

B

Frrnctional Re- Difference
fractory Period B-A
after p-CVB

5"0 I
2
3

232
196
2L8

240
200
2L2

g.o
4.O

-6"O

10.o 4
Ð

6
't

I

166
L82
2L2
196
234

172
200
230
2L5
260

6"0
18,0
18.O Mean =
19.0 SE =
26"0 P

!.7 "43.2
o.or

20"o I
10

2
3
4
5
6
7
I

200
L82
196
2L8
166
L82
2t2
196
234

2L4
200
190
220
t72
204
230
2L8
280

14.0
18.O
-6.0
2.O
6'o

22"O
18,0 Mean
22"O SE

46"0 P

-_ Lõ.7
= 4.4

30.0 4
5
6
7
I

166
L82
2L2
196
234

L74
206
250
224
290

g.o
24.4
38,0 Mea¡
28.O SE
56"0 P

= 30"8
= 8"O

40.o 7
2
3
4
5
6
I

196

Measurements were
AV-nodaL l¡lock at

224 28.O

not nade as these dogs developed
thÍs dose"
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10 ng/kg and 30 ng/kg was not slgnlflcanb (p> 0.1),

The FBP ln d.ogs #2 ana #3 are mlslead-lng because the

FBP ln response to p-CMB QO ng/UÐ ls compared to the control

FBP. A larger decrease, and a greater lengthenlng of the FRP

ln dogs #2 ana #3 respectlvely w111 be seen lf the FRP Ln

response to 20 ng/kg ls compared. to the FtsP ln response to

10 ng/kg lnstead of the control FRP.

tn dog #? the fa11 1n blood. pressure caused- by p-CMB

uras compensated for by occlud.lng the aortau A d-ose of 10 ng/kg

p-CMB lncreased bhe FRP from 196 to 215 msec. The bIood.

pressure was ralsed mechanlcally to the control level and the

FRP redetermlned,. It was found to be unchanged. at 215 msec.

Increaslng the dose of p-CMB to 40 rng/kg caused a further ln-

crease ln FRP to 224 msec, whlch d.ld not change when the blood-

pressure was ralsed back to the control leveI.

2" The Effect of Methoxamlne and of Mechantcal Incqeases

Be r: 1E1- o-!--.¡['Þ r :Lq ve.n t f I c uI ar Trans m I s s ;þn

Methoxamlne (0"4 ng/kÐ was a¿mlnlstered. to thLrteen

vagotomlzed d.ogs, A summary showlng the effects of methoxamlne

and. blood pressure on the FtsP of these d.ogs Is contalned. ln

Tab1e IX. Flguré 12 lllustrates the effect of methoxamlne and.

mechanlcal elevatlon of the blood pressure on the ¡B'P of one

of the above d.ogs.

the Blood. Pre the Functlo
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Methoxamlne caused an average lengthenlng of the FBP

of 32 3 ! 5.5 msec 1n seven dogs, (P < O.OI). The lncrease

ln blood pressure caused by methoxamlne was compensated. for

ln two ways ln ord.er to d.etermlne lf the pressor response to

methoxamlne was responslble for the above lncreases i-n FRP"

Tn three of the thlrbeen d.ogs the mean blood pressure

(diastollc + I/3 putse pressure) was elevated mechanlcal-ly by

33-60 rnm Hg. Thls was comparable bo the pressor response

caused by methoxamlne. Thls mechanlcal lncrease ln the blood-

pressure caused an average lengthenlng of bhe FRP of 14"6 J

l.l msecu (P < 0.05). In seven of the thlrteen dogs the rj-se

l-n blood. pressure caused, by methoxamlne was prevented- by

bleed.lng (50-fOO cc). The average lengthenlng of the FBP j-n

these seven dogs was r3.5 t 2"6 msec, (P < 0"01), but less

than the d-ogs ln whlch the blood pressure rose"

The effects of bleed.lng alone and. of the tlme taken

for these experlments were determlned. ln three dogs ' The FBP

was not slgnlflcantly lengthened by bleedlng (5"3 I L3 msect

P > 0.05), or after 1.J hours (g.o t 2.0 msec, P > 0.05) 
"

3. The Effect of p-CMB and of Methoxamlne on the

conductlon Time of Atrioventrlcular Transmlsslon

The effects of methoxamlne and- of p-CMB on fhe con-

ducblon tlme of atrloventrlcular transmlssion were also

determlned-" The delay bebween the atrlal and venLrlcular

responses hras measured from the same record.s used ln the

determi-nabi-on of the FB.P. The d.aba are summarlzed. ln
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Tables X and XI"

Cumulatlve doses of p-CMB (5-t+0 ng/wg) caused an

lncrease ln CT from 2 bo 52 msee ln ten dogs. These lncreases

ln CT were statlstlcally slgntflcanb" The lncreases ln con-

ducblon tlme varled. d.lrectly wlth the slze of the d.ose of p-Cl1B

!_"e_. o the larger the dose the greaber the lncrease ln CTo T'he

d.lfferences ln the mean lncreases ln conductlon tlme from

5 ng/ug to 10 ng/xg; 10 ng/ug to 20 mg/xgt and 20 mg/t<g to

30 ng/xg; urere slgnlflcant (p < 0.05, P ( 0"05u P ( 0.01

respectlvely). Therefore the measurement of CT seems more

closely correlated wlth the d-ose of p-eMB than ls the measure:

ment of FBP, Thls holds true both for the whole group and f'or

each anlmal.

tn dog /Í7 the fall ln blood. pressure caused by p-CllB

was compensated for by occl-udlng the aorta. A d.ose of 10 mg/\<g

p-CMB lncreased. the CT from 110 msee to ]-20 msec " l¡ihen the

bl-ood. pressure was ratsed- meehanlcally to the eontrol level

and the CT redetermlned, lt was fortnd to be unchanged at' 120

msec. Increaslng the dose of p-CMB to 4O mg/\rg caused- a further

lncrease ln conducblon tlme to 148 msec whleh decreased to l42

msec when the blood. pressure was returned- to the cont,rol Ievel"

Methoxamtne (0"4 ng/uÐ eaused- an average lncrease ln

CT of 32"5 : 5.2 msec ln seven d.ogs (p < 0.001)" However, the

CT was not slgnlflcantly lncreased ln seven d.ogs when the

pressor response to ínethoxarnlne r^ras compensated for by bleedlng

(8.0 t )"6 msec, P ) 0"05), In three d.ogs, where the blood
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TABT.E X

THE EFFEqT OF CTJMUI'ATIVE DOSES OF P-CTdB ON TITE CONÐI'ffi'ION
TIME OF ATRIOVENTRICULAB TRANSMISSIOI{ IN VAGOEOMIZED DæS

Dose of
p-CMB
mc/ke

eg#
A

Control
CoT.

B

CoT. after
p-cwB

Difference
B-A

5.0 1
2
3

118
L24
108

tr4
t22
LO4

4"O
2.o
4,O

Mealo = 3"3
SE = 0.6
P < 0,o5

10.9 4
Ð

6
7
I

94
t20
t32
110
116

110
t26
r54
L20
130

16"O
6.O

22"O
ro"o
14,O

Mean = 13"6
SE = 2"7
P

20"o

Mea¡t =
SE=
P

106
90

122
r04

94
L20
L32
110
116

I
10

2
3
4
5
6
7
I

L32
L02
t32
130
128
I60
160
L24
L42

26,O
L2"O
10.o
26"4
34,O
4o"o
28.O
14'o
26.O

24"O
ea
o "001

30"0 4
Ð

6
7
8

94
t20
L32
110
1t6

r34
160
L84
146
L64

40.o
40.o
52.o
36.0
4g.o

Mean = 43.2
SH = 3.O
P

40 7
2
3
4
o
6
a5

110 t48

Measurements were not made
AV-nodaI block"

38,0

as the se dogs developed
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pressure was el-evated meehanlcallyn the cr al_so was not
slgnlflcantly lncreased (26,0 t ?.I mseo, p > 0.05)"
Howeveru thls lack of signi-flcance ls probabty d.ue to the
smal1 number of experlments,

The effects of bleedlng arone and. of bhe tlme taken
for these experlments ürere d-etermlned. ln bhree d_ogs" The cr
was not slgnlflcantly lnereased by bleedlng (f"3 t 11"6 mseca

P > 0.9)u or after 1.5 hours Q.o 2 zô msec, p ) 0.ll).

c, llLcuqËIQN

Thls sectlon of bhe resulLs have shown the p-cMB

causes a prolongatlon of the FRp and an lnerease ln cr" The

resulbs further tnd-lcate that these ehanges are due to a

d.lreet depressant aetlon of p-cMB on the abrloventrlcular
eonductlon system"

sectlon rrr showed that p-cMB eaused a fall ln the
bIood. pressure" As prevlously d.lseussed. lf thls faIl ln
blood pressure resulted ln anoxlao lt eould. contrlbute bo the
prolongatlon of the FRP and lnerease in cr" However, a number

of faetors indlcabe that thls farr ln blood- pressure ls not a
contrlbutlng factor ln the prolongatlon of the FRP or lnerease
ln cr" A faII ln the brood pressure would cause a reflex rn-
crease ln sympathetlc bone to the heart and thus deerease the
FBP and cr" rn the three conbror anlrnals, where the blood
pressure was decreased by bleed.lng, fl€lther the cr nor the
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FBP were slgnlflcantly altered. In one experfunent the pro-

longatlon of the FEP and. lncrease ln CT caused- by p-CivlB were

not altered when the blood pressure was returned, to the

control 1eve1" These factorsu thereforee lnd.lcate bhat the

prolongatlon of t,he FBP and the lncrease ln CT caused by

p-CMB are the resulb of a dlrect effect of the drug on the

atrloventrlcular conducblon systen of the heart.

Both the d-lrect effect of methoxamine and lts pressor

response caused comparable lengthening of the FRP" In three

experl-ments the mechanlcal elevatlon of the systemlc bl-ood

pressure was shown to cause a prolongatlon of the FRP" How*

everu mebhoxamlne was shown to cause a larger lncrease ln Lhe

FBP than a comparable increase in the blood. pressure ln two

of three experlments. The lncrease ln the FRP response bo

meLhoxamlne was red.uced. when the pressor response was

prevented by b1eedlng,

The prolongabion of the FRP caused by methoxamine

therefore o lnvolves both a d.irect effect of methoxamlne on the

heart and, an lncrease in blood pressure" However, the in-

creased blood pressure could lengthen the FBP by a d-lrect

effect on the heartu or d-ecrease the reflex sympathetlc tone

to the heart. Kohll (?B) fias shown Lhat mechanlcal elevatton

of bhe blood. pressure ln vagotomlzed. splnal ôogs causes a pro-

longatton of bhe FBP" fn add.ltlonu Innes (84) showed. thab

mechanlcal elevatlon of the bl-ood pressure ln the dog heart-
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lung preparatlon caused a prolongatlon of the FRP, These

flndtngs tend. to lndlcate that the lncreased. bl-ood pressure

prolongs the FRP by a dlrect effect on the heart' rather than

by decreaslng the sympathetic tone.

Methoxamlne caused. an lncrease 1n the total CT from

the atrla to the ventrlcles. However the CT was not

slgnlflcantly lncreased when the blood. pressure was elevafed

mechanlcally. Thls lack of statlstlcal slgnlfi-cance is

probably due to the sma1l number of experlments ' l¡Ihen fhe

pressor response to methoxamine was prevented by bleedlng,

the lncrease 1n CT Was reduced- greatly and was no longer

sbattstlcally slgnlflcant. These results lnd.lcate that the

dlrect effect of methoxamlne and the pressor response to

thls drug are necessary to cause a slgnlflcant lncrease ln

the conductlon tlme of atrloventrlcular transmlsslon.

Gllbert (30) showed that methoxamlne caused- a large

lncrease ln the atrloventrlcular cond.uctlon tlne and. a smaIl

lncrease ln the rrabsol-ute refractory perlodrr of vagotomlzed.

open chest dogs. He abtrtbuted these changes to a decreased.

excltablllty of the cardlac tlssue. However he d-ld" not take

the pressor response to methoxamlne lnto conslderatlon. In

vlew of the above flnd.lngs lt ls posslble that some of the

lncrease in conductlon tlme and rrabsolube refractory period.rl

were d.ue to the pressor response"
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GENERAL D]SCUSSÏON



GENEBAL DISCUSSION

The results lnd-icate that p-CMB causes atrlo-

ventrlcular nodal block by a dlrect d.epressant effect on the

nodal tlssue" The AV-nod-al block produced- by p-CMB ls not

d-ue to lncreased. vagal acLivityo because vagobomy d.id- not d.e-

crease the lncldence of block" A number of confllcbing
results have been obtalned as to the role of the vagus ln the

card.lac boxlcity prod-uced. by organic mercurlals" Jackson (4)

suggested- that the organlc mercurials prod-uce cardlac toxleity
by lncreaslng the acblvlty of the vaglis " However other

authors (t13r6) have indicated that nelther the parasympathetic

nor sympathetlc lnnervatlon of the hearb contrlbute to the

card,lac toxlclty of the organlc mercurlals "

The resul-ts further lnd-lcate þlnab p-CMB depressesboth

atrloventrlcular conductlon and ventrlcular automatielty,

p-CMB eaused. a lengthenlng of the P-R lnterval wlthout alter-
lng the d-uratlon of the QRS complex. These flndlngs a:r.e ln
agreement wlth those of Farah et a_l 9) who suggested- that
p-CMB lnterferes malnly with atrioventricular conductlon wlth-
out alterlng lntravenbrlcul-ar conduction. p-CMB also d.epressed

ventrlcular automaticityu since the appearance of ventricular
ectoplc beats was rare. This flnding is ln contrast Lo those

obtalned. wlth other organic mercurlals whlch cause venLricular

ectoplc beats, ventricular tachycardia, and- ventrlcular
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flbrll-Iatlon (5 r6,809) .

Further evld.ence for the dlrect effect of p-CMB on

the atrloventrlcul-ar cond.uctlng system was obtalned from the

stud.les on the functlonal refractory perlod and. conductlon

tlme " p-CMB prolonged the FRP and. lncreased atrloventrlcular

cT"

Near maxlmal prolongatlon of the FtsP was reached wlth

small d.oses of p-CMB. Very large d.oses prolonged- the FtsP to

the extent that AV-nod-al block was prod.uced- at bhe fast
iLrlvlng rabes used ln these experlments. Alanls et aI (.611

and. Hoffman et aI Q3) have suggested that the delay in
atrloventrlcular transmlssion can fake place at several sites

ln the atrloventrlcular cond.uctlng sysbem. ïn add.ltlon,

Krayer et a1 QZ) polnted out that the FRP ls the measurement

of the refractory perlod of that part of the atrloventrlcular
cond.ucblng system wlth the longesb refractory perlod-" There-

fore a small d.ose of p-Ci{B could affect the blssue wlth the

longest refractory perlod-, wh1le a larger dose couId. affect
other tlssue wlth a shorter refractory perlod-" The effecL

of the larger dose therefore would- not be seen. p-CMB then

would not be expected. to affect the FRP of the atrlo-
ventrlcular conductlng bissue ln a systemablc way, or affect
all the tlssues slmultaneously. It ls therefore not surpris-

Lng that lncreaslng d-oses of p-CMB do not have an ad.d.ltlve

effect l-n prolonglng the FBP. Ab the drlvlng rates used ln
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bhese experlmenbs the effecL of p-Cl4B on t'he FRP approaches a

maxlmum ab a tlme when further lncreases in d.ose d.o noL yet

cause AV-nodal block. Because of thls f lnding the ablJ-lty of

p-CMB to cause AV-nod.al block cannot be preòlcteÔ from lts
effect on the FRP"

The measurement of cond.uctlon tlme, however, showed a

llnear d.ose-response relationshlp, wlth larger doses of p-CMB

causlng a greater lncrease ln cond.ucLlon blme, The conducblon

tl-me of atrloventrlcular transmlsslon 1s the measurement of

the tlme lnvolved 1n the cond-uctlon of an lmpulse through the

enLlre atrloventricular cond.uctlng tlssue and not Just one

segment as ln the measurement of FRP" Therefore a llnear
d.ose-response relatlonshl-p would. be expected"

The results show that methoxamlne pobentlates the

depressant effects of p-CMB" Methoxaml"ne lnereased the

lncl-dence of AV-nod.a1 block caused- by p-CMB" The prolongatlon

of the P-R lnterval oaused. by p-CMB was also potentlated by

methoxamlne. In ad.d-ltlon the fa11 ln blood pressure caused. by

p-CMB was potentlated- by methoxamine. These findlngs are not

surprlslng ln vlew of a number of reports (26,33,34r35,36r3?)

that mebhoxamlne causes card.lac d.epression.

There are two posslble mechanlsms by whlch methoxamlne

eouId. be exerblng lts potentlatlng effect" (1) The rise ln

blood pressure caused by methoxamlne could. exert an lnhlblbory

effect on the atrloventrlcular conductlng system" Thls could
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occur by reflex changes tn vagal and- synpabhetlc tone to bhe

heart. In add.ltlon the lncreased, blood. pressure could have a

d.lrect lnhlbltory effect on the atrloventrlcular eond.ucflng

tlssue . (2) Methoxamlne could. be exerLlng a d.lrect

inhlbltory effect on bhe atrioventricular cond.uctlng system

of the heart.

The present results lnd.lcate that the pressor response

to methoxamlne may be lnvolved- ln the potentlatlon of the

depressant effects of p-CMB. However the reflex changes ln

sympathetlc and vaga! tone bo the heart caused- by the pressor

response to methoxamlne are not lnvolved. ln thls potentlablon.

Thls ls evldenced by the fact that the removal of elther

sympathetlc or vagal tone to the heart d.ld not alter the ln-

creased" lncldence of AV-nod,a1 block caused. by methoxamlne.

However, âs dlscussed. prevlouslyo elther mechanleal

elevaËlon of the blood, pressure or the pressor response bo

methoxamtne prolonged. the FRP. The lncrease ln blood pressure

caused" by methoxamlne was also shown to be lnvolved ln ln-

creaslng bhe cond.uctlon tlme of abrloventrlcular Lransmlsslon.

There are two posslble mechanlsms by whlch these changes eould.

be brought about. Flrstly, the lncrease ln blood. pressure

could cause dlstenblon and stretchlng of the atrloventrlcular

conducblng tlssue and. thus lmpalr lmpulse propagatlon"

Secondly, the lncreased blood pressure could. eause a deerease

ln bhe sympathetlc tone to the heart" However as prevlously
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d-lscussed ln Section IV the pressor response to methoxamlne

prolongs the FBP by a d.lrect effecb on the heart rather than

by decreaslng the sympathetlc tone. These lncreases ln FtsP

and. CT lnd.lcate that the cond.uctlng tlssue ls depressed.

Under thls condltlon the atrloventrlcular cond.uctlng system

mlght be more suscepbible to the effects of p-CMB and resulL

ln a greater fall ln blood pressure and. a greater prolongatlon

of the P-R lnterval" However the lncreased. lncld.ence of AV-

nodal- block would not be lnfl-uenced by the pressor response

to methoxamlne as the blood- pressure is d.own to low levels

at the tlme that p-CMB causes AV-nod.al block. The lack of

correLatlon between the pressor effects of methoxamlne and

the lncld.ence of AV-nodal block also suggests that factors

obher than the pressor response are lnvolved. in fhe

potentlatlng effecfs of methoxamlne.

Evldence has also been presented. to show thaL

methoxamlne has a d-lrecb lnhlbltory effecL on the heart

lndependent of lts pressor action. Thls lnhlbltory effect

could contrlbute to the potentlatlon of the d.epressant effeets

of p-CMB, It was suggested. prevlously ln Sectlon III Elnat the

fall ln blood. pressure caused by p-CMB ls a result of card.lae

d-epresslon. Methoxamlne was shown to potentlabe thls fa1] ln
blood pressure, and therefore could- also be causing cardlac

depress 1on.

Further evld.ence ln support of the dlrect depressant



effect of methoxamlne was obtalned from the elecLrocardlo-

graphlc studles. Mebhoxamlne potentlates the lengthenlng

of the P-B lnterval- caused. by p-ClvlB. It ls therefore posslble

þ]¡aL the potentlatlng effect of methoxamlne 1s a result of

d.lrect depresslon of the atrloventrlcular conductlng system.

The results obtalned from the FRP and CT studies also

lnd.lcate that methoxamlne has a d.irecb lnhlbltory effect on

the atrioventrlcular conductlng system. Both bhe FRP and CT

were lncreased by methoxamlne lndependent of lts pressor

response" I¡cr"êases ln these parameters are an tndlcablon of

cardlac d-epresslon. Therefore the dlrecb depressanL ef fect

of methoxamlne coul-d contrlbute to the depressanb effects of

p-CMB, and thus lncrease the lncld.ence of AV-nodal- block"

Imal et al (50) suggested tlnab mebhoxamlne ls a beta

ad,renerglc bl-ocklng agent slmllar to dlchlorolsoproterenol.

They postulated thab the cardlac depressant effects of

methoxamlne were a result of a compebltlve antagonlsm be-

tween methoxamlne and. lntrlnslc catecholamlnes stored ln the

myocardlum and. released" ln small quantltles to malntaln the

normal heart rate and contractllity. This hypothesls 1s

conslstent wlth the flndlngs presented. here, and bherefore

the dlrect lnhlbltory effect of methoxamlne eould be d-ue bo

such an anþagonlsm"

The foregolng evld.ence shows blnat p-cMB causes av-

nodal block by depresslng atrloventrlcular conductlon" Thls
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depressant effect of p-CMB is potentlated. by methoxamlne ln

two ways " Flrstly by the d,lrect cardlac tnhlbltory effect

of methoxaml-neu and second.ly by the dlrect card.lac lnhtbltory

effect of the pressor response to methoxamlne.
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SUMMARY AND CONCLUSIONS



SUMMABY AND CONCLUS]ONS

p-CMB (Zo-eo ng/ug) caused AV-nod'aI block ln

pentobarbltal-anaesthetlzed d-ogs. Methoxamlne (O.I+ or I.6

ng/UÐ glven before p-CMB lncreased the lncld.ence of AV-

nodal bl-ock. Thls potentlatlng effect of methoxamlne was

not due to reflex effects whlch alLer sympabhetlc and vagal

tone to the heart.

. 
Changes ln the blood pressure, heart rate, and

el-ectrocardlographlc record.lngs d.ue to methoxamlne and p-CMB

were analyzed. to see lf they were related. to the blockade of

atrloventrlcular cond-uct lon 
"

The pressor response to methoxamlne was nof

correlated wlth the lncld-ence of AV-noda1 block" Thls

lndlcated. that factors other than the pressor response are

lnvolved ln the potentlatlng effect of methoxamlne.

p-C!ts (zo-go ng/ug) lowered the systemlc arberlal

blood. pressure. p-clts (zo ng/ug) caused a slgnlflcantly

greater fall ln the methoxamlne-pretreated dogs. The fal}

ln blood. pressure was slgnlflcantly greater and the flnal

level of the blood pressure was slgnlflcantly lower ln those

dogs subsequently developlng AV-nodal block after p-Clvlþ

QO ng/UÐ. Thls was not the case 1n èogs wlthout vagal or

sympathetlc lnnervatlon to the heart.

There was no relatlonshlp between changes ln heart
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raLe from elther methoxamine or p-CMB and. the lncldence of

AV-nod.al block. Thls suggested bhat the heart rate ls not

involved. ln the potentlatlng effects of methoxamlne 
"

p-CMB (Zo-gO ng/I<Ð slgnlflcantly lengthened- the P-R

lnterval wlthout altering the duratlon of the QlS complex on

the elecbrocardlogram" Methoxamlne (0.+ or 1"6 mg/Uù dld

not slgntflcantly alter either the P-B lnterval or the QRS

complex. However a signlflcantly greater lncrease ln the

P-R lntervaf 1n response to p-CMB (ZO mg/Uù occurred. ln d.ogs

glven methoxamlne (O'+ or 1"6 ngfxg) beforehand".

A more detalled. stud.y on bhe mechanlsm of methoxamlne

potentlatlon was carried. out by testing the ef fects of p-CÙ18

and of methoxamine on the functlonal refractory perl.od. of

atrioventrlcular transmlssion (F'np) and atrloventrlcular

eond.ucLlon ttme (Ct). Methoxamlne (0"4 m8/ke) or p-CMB (5-40

ng/UÐ prolonged the FRP and. lncreased- the CT" l¡ihen the ln-

crease ln blood- pressure due to mebhoxamlne was prevented. the

prolongatlon of the FRP and- lncrease ln CT was less.

Mechanlcally lnduced lncreases ln blood- pressure slgnlflcant-

ly prolonged. bhe FBP but d-id" not lncrease bhe CT.

It ls conclud-ed that p-CMB causes AV-nod-al block by

depresslng atrlovenÙrlcular transmlsslon" Thls depressant

effect of p-CMB was potentlated. by methoxamlne ln two ways.

Flrstu by the d.lrect d-epressant effect of methoxamlne and.

secondly, by the rlse in blood pressure caused by meLhoxamlne"



BTBLTOGRAPITY



BIBLTOGRAPHY

1. Sa]ant, W., Kleitman, N. Some observatlons on the actlon
of mercury. J " Pharrnacol " D-sils , 1922 "

2. salant, ld" The pharmacology of mercury" J. Amer" Med"
Ass. n12071-, 1922"

), Salant, W", Nagler, H" The effect of calclum and
poúassíum õn cár¿lac reactlons to mercury' J"
Þharmacol " 41""407, r9)r.

4. Jackson, D. E. The pharnacological actlon of mercury ln
organlc comblnatlon " J" Pñarmacol . 29 ".47I , l-926 '

5. Barker, M. H", Llndberg, H. A. I Thomas, M' E' Sudd'en
d_eátfi and mercurial- d-luretics. J" Amer" Med. Ass.
1t9;1001, L942.

6. Mcgrea, F. Do r Meek, W" J" The actlon of mercury upon
the hearb " ,f " Pharmacol " yzZ95 ' 1-929 .

?. DeGraf f , A. C', Lehman, B. -4. The acute toxlcily of
mercurlal- álurebics . J . Amer . Med. As s ' lI2 !'998 

o

rg42 "

B. Plnes, I., Sanabria, 4., Hernand-ez Arrlens, R" T"
Mercurlal dluretlcs. The ad,d.itlon of magneslum
sulphate to prevent the boxlc effects of thelr
lntravenous ãamlnistration. Brlt" Heart J" 6tI97 t
1'94t+ "

g" Farah, A. , Mook, w., Johnson,_R" SOme actlons of mercury
compoúnds on the heart. Proc. Soc. Exp" B1o1',
N. Y., þ2403, I95I"

10, Ruskln, 4., Johnson, J. E" Card.lod-epresslve_effects of
mercuría1 d.1ureú1cs, cardloprotectlve val-ue of BAL'
ascorblc acld_ and- thlamln. Proc" Soc" Exp" BloI",
N. Y", reJ577,1949"

l-I. Sa1ant, W", Brodman, K" Functlonal changes ln the
autonorilc system and the actlon of mercury, J"
Pharmacol " !/tl-zl-, 1929 "

I2. Farah, A. , MOOk, I,{ " the actlon of mercurlal d.j-uretics
on thá effectlve refractory perlod.o electrlca]
excltablllty and- conductlon veloclty ln the



97

mammallan heart. J" Pharmacol. LOZzIZ5' 7951'

13" steln, E.u Magin, J,, K]elnfeld, M. Effecb of mersalyl- ot1 rsófatãa perfúsed gulnea plg atrla. Amer' J"
Physlol. L99¿460 , ]-960 "

14. Kessler, B" H. ¡ Lozano, 8", Pltbs, B" F" Stud-les on
structure dluretlc actlvlty relatlonshlps of -organlc
compound"s of mercury " J. C1ln. Invest " b2656 , 1957 "

:-5" Mtlnoru J" P" B1nd.lng of the mercury of an organlc
mercurlal ¿tureblõ by plasma protelns. Proc. Soc.
Exp " 81o1. , N. Y. , ?á26), l-950 "

!6" Pitts, R. F,, Sartorlus, O. W. Mechanlsm of actlon and.
therapeuúlc uses of dluretlcs" Pharmacol" Rev" 2z
161, 1950 .

I?. Long, W" K", Farah, A" The lnfluence of certaln
áulfhydíy1 compounds on the toxlclty^of an organïc
mercu}lai ¿turètlc" J" Pharmacol, 88;388, 19+6,

18. Hand-ley, C. A. ' La Forge, M. Effect of thlols on
mercurlal áturestsl 'Proc. Soc. Exp" 81o1", N' Y",
Ø-tZ+, r94? .

:-9" Long, !rI. K., Farah, A. Effect of some sulfhyd-ry1--contalnlng subsbances on the toxlclty 91,?n organlc
mercurlal compound " Sclence, 104: 220' 1946.

20. Farah, 4", Maresh, G. The lnfluence of sulfhydryl
compound.s on d-iuresis and renal and card-iac
clrcul-atory changes caused by mersa1yl. J"
Pharmacol " 92t73, 1948.

2:-. Hand_ley, c. 4", Lavlk, P" S" Inhibiblon of the kld.ney
succlnlc dehydrogenase system by mercurfal
dtruetlcs" J" Pñarmacol" 100:115, l-950 

"

22" Slnger, T" P"e Barron, E. S. Sbud.les on blologlcal
-oxíd.atlons of sulfhydryl enzymes ln fat and- proteln
metabollsm. J" Bloi" Ôhem " 15?224I' 1945"

23" Barron, E. S", Guzman, S. V., Slnger, T" Po St'ud-les on- blologlcal oxid-atlons of sulfhydryl- ^enzymes . ln
carboñyd-rate metabollsm' J" 81o1" Chem. Ws22I,
rg45 

"

2t+, Farah, A., Kruse, B" The relation of mercurial d'luresls
to cellular probetn-bound sulfhydryl changes ln



98

renal- cells" J. Pharmacol. l-3AZl-3, 1960"

25. Hjort, A. M.' Band-a1l, L. O., DeBeer, E'- D".. The
díscoveri of the d-epressor_effect of methoxaml-ne.
J. Pharmäcol. 922283, 1948"

26" Me1vi11e, K. I., Lu, F. C. Effects of ephedrlneu
pfrenútephrlñe, lsoproterenol an¿ methoxamlne on
coronary flow an¿ heart actlvlty as recorded con-

",r."ãrliy " 

- Arch. Int. Pharmacodyn . 923109 ¡ 1952.

2? " Nathanson, M. H" C11nlcal observations On A new
eprne$nrlne_l_1ke compound methoxamlne. Amer. J.
Med. Scl. 22i¿27Q, 1952.

28" Avead-o, D. M., hlnuck, A' L' Mechanlsms for card'lac
slowlng by methoíam1ne" J' Pharmacol" l-l-9l.99,
l-957 .

29" stormorken, Hn, de schaepdryver,_4" Fo, de Vleeschhouweru
G" R" 'Mechanlsn of braâycardla by methoxamlneo Arch"
Int. Pharmacodyn " 1?0 s 386 ' L959 .

30" Gl1bert, J' L., Lange, G., Polevoy, I', Brooks, C" McC'- Effects of.vasoconstrlctor agents on cardLac
lrrltablllty. J, Pharmacol.- !3229' 1-958'

3r. Gllbert, J' L", r'ange, Go, Brooksr C' McC' rnfluence of
sympathomlmetlc pressor d-rugs-on arrhythmlas
caused.bymultlplestlmull"ClrculatlonRes"/;
4L7 , 1959.

32. Lahtl, R. E.r Brtll, I.C., McCawley, E' !l The-effect
of methoiamlne hydrochlorlde (Vasoxyl) on car¿lac
rhythm. J. Phariracol. 115: 268 , L955'

33" Blanchl, 4., de schaepdrvfer, A._ F., d.e Vleeschhouwere
G. É., þrezloslu P., Stormorkenu H' -on t!9pharmácology of 'methoxamlne. Arch. Int " Pharmacod-yn"
tzoz495, r-959 .

3Lv. Prezlosl, P,, de Vleeschhouwer, G, R. r. d" Schaepdryver,- A. F., Bíanchl, A. Effects of methoxamlne on the
lsolaúed heart and lungs of gulnea plg. Arch. Int"
Pharmacodyn" L2L2506, l-959 "

35" Brewster, hI' R., Osgoodr -P. F.r Isaacs, J' P',"Goldbergt
L" I: Hemoáynamtc effects of a pressor amlne



99

(methoxamine) wlth predomlnant vasoconsbrlctor
actlvlty. Clrculation Bes. B ;980 , L960 '

36. Goldberg, L" Io, Cotten, M" DeV", Darry, J. D"r Howell,- E. F: Comparatlve heart contractlle force effects
of equlpressor d_oses of several sympathomlmetlc
amlnes" J" Pharmacol" 108;l?7, 1953,

3?, Cottenu M. DeV., Brown, J" M",
force responses to Pressor
produced bY hexamethonlum"
]-954,

Kornen, P" So Heart
amlnes d-ur1ng hYPoLension

Ane sthe s lolõgyi 1lztz6,

38. Goldberg, L. I", B1OOdWel1, B. Do r Braunwald, E., MOTOW'- A. G: The d.lrect effects of norepenephrlneu
eplnephrlne and methoxamlne on myoca*ql?} contractll-e
force- In man" Clrcu1atlonu 223II25' 1960"

39. Irtrest, J. Wo, Guzman, S" V"r Belletsr.S. ^Comparatlvecardlac effects of varlous sympathomlmetlc amlnes "

C1rcu1atlon, Útg5O, l-957 "

40. West, J" W., Guzman, S. Vo r Avlad.o_, D. M. Cardlac effegt
of methóxamlne. Clrcuíatlon, i4¡r01?, 1956,

41" hlest, J" Wu, Avlado, Ð. M. Cardlac effects Of methOxamlne
wlth speclal reference to intracoronary lnJection.
Amer. i" Med. scl. 2ir2599, 1956.

42" tfest, J, W" Atr1a1 and- ventricular force of contractlon
ínfluenced by lntracoronary lnJectlons" Amer. J.
Physlol. 2O3III45' 19620

43. hlest, J. hlo r Fau1k, A" T", Guzman, S" V' Comparatlve- ótudy oi effects of levarterenol and- methoxamlne ln
shocÍ< assoclated wlth acute myocar¿lal lschemla ln
d.ogs . Clrculatlon Res " f9: ?I2 o 1962 "

44" Hugaard., N", Kukouetz, ]al. Iì", Hess, M" The effect of
sympaLhomlmetlc amlnes on phosphorylase actlvlty ol^-^
the- lsolated rat heart" Pharmacol" Rev. LLs466u 1959"

f+5" Kukouetz, Ii,I. Ro ¡ Hess, M" Eo, Shanfeld, J" u Hugaard-, N"
The actlon of sympathomlmetlc amlnes on lsometric
contractlon and. phosphorylase activtty of the lsolated-
rat heart. J. Pharmacol. L272l22, L959.



- 100

46. Mayer, S. E"e Moran, N" c' Relatl-on between- pharmacoioglc augmentatlon of car¿lac contractlle
lorce anè Etre actlvatlon of myocardlal glycogen
phosphorylase" J" Pharmacol" I29x27I, 1960"

4?. HashlmoLo, K. ¡ Shlgelt' Uei-, I., Clark, R.
coronary vascular
dog heart. Amer"

ll,8. Imal, S. The effects of methoxamlne upon the membrane
restlng and. actlon potentials of the-gul-nea plgJs
ventrlõular muscle f lbres. Jap. J" Physlol' !!;
54, 196L.

49, Imaiu S., Shlgei, T", Hashimoto, K. Antlaccelerator- âctlón or-neúhoxámlne. Natúre, Lond' ]92;493, 196I"

50 " Imai- u S o , Shlgel, T. , Hashlmoto, K. Card'iac actlons of- ñethóxamlñe wftn special reference to its antagonig9-lc
actlon to epinephrine. clrcul-ation Reso 22552, 1961"

57-" Herlng, H" E. Nachwels d-ass d-1e veîzoge$rung d'er
erregungsuberlettung zwlschen vorhof und- kammer d'es
saugãtfrlerherzens lm Tawara schen knoten erfolgt.
Pffüg" Arch" Ges" Physlol. 131;5?2' 1910.

52. Erlanger, Jo, Blackmano J" R. A study of relatlve
¡.ñytúmfcíty ana conductlvlty ln varlous reglons of
thä aurlcläs of the mammallan heart" Amer. Jo
Phys 1o1 " -!ti-25 , I9Q? "

53. Eysber, J. A" E", Meek, 1,r1. J" EXperlments On the Orlgln- 
anét conductlón of ùf¡e cardlac 1mpu1se. Arch. Intern.
Med " L|II.I/ ,, 1-9:-.7 

"

5L+. Erlangero J" observatlons on bhe p!¡9ro]99{ of PurklnJe- Elssúe. Amer. J. Physlol- " N.z3g5 ' L9l2 '

55, Osborneu J" 4", Corday, E.o FLe1d.s t J", Kennameru. B"l
Smf th, Ao, 

-Prlnzmêtalo Mo Stu¿les on bhe mechanlsm
of .'reáUrtóular actlvlúy 1. The nature of the P-n
lnterval" Amer" Heart J" 4Z¿503u ]-95l-.

56. Scher, A, M", Rodrlguez, M. I"r-Lulkaner {:r Young, A" C'- Måohanlsms of atrloventrlcular cond-uction.
Clrculatlon Bes. 2254, ].959.

T", Imat, So, Salto, Y., Yago, Nu,
E" Oxygen consumPtlon and

tone ln the lsoLated flbrlllatlng
J" Physlol" 1982965, 1960"



- 10t

57. Heffman, B" Fo, Paes d-e Carvalho, 4", d-e Me11o, lJ. Go,
Cranefield, P" F' Electrlcal actlvlty of slngle
flbers of the atrioventricular node " eirculatl0n
Bes" Z:11 ,1959,

Paes de Carvalho, A", d.e Me11o, ld" Ç. r Hoffman, B. F.
Electrophyslologlcal evid-ence for spectrallzed-
flber types ln rabbit atrium" Amer. J. Physlol"
L9l3z4B3 , ]-959 .

Paes de Carvalhoo A.u de Almeida, D. F. Spread- of
acttvlty through the atrloventrlcular node.
Clrculatlon Res. -8 

:801 , 1960 .

(a

<o

60, Paes de Carva1ho, A" Cellular electrophyslology of
the abrlal speclaIlzed" tlssue. In Iþe fu-eqlallg-e,-è
Tlssues of the FIe,a_r!u Amsterdamu Elsetrler Pubflsh-
fn€rempanvffç6Ïl:p . 11 5 .

6I. Cranef le]d, P, Fo s Hoffman, B" F", Paes de Carva"lhou A"
Effects of acetylchoine on slngle flbers of the
abrloventrlcular nod,e ' Ctrcutátton Res. 2s19, A959"

Prultt, iì" þo r Essexu iI" E. PotenÙial changes abtenrling
the excltation process ln the atrloventrleular COY¡-
ductlon system of bovlne and, canlne hearbs"
Ctrculaf lôn Res" 92l49, 1960 

"

63, Alanlso J., Lopezu Eou lland.okl¡ J" J.o Pl1ar, G"- Propagatlon of lmpulses bhrough the atrloventricular
nodè.- Amer" J. Physiol. L9-7-t1171 ,1959"

Alanls, J"e Mandoki, J. J"e Pilar, G" The functional
d.lscontlnultles of the aurlculoventricular node.
Acta. Phys 1o1 . Lat " -amer " L0-296 , 1960 "

62"

64.

65" Gllsono A. S" The locus and the nature of the A-V pause
ln Lhe spread of card-lac acti'vation. Amer" J"
Phys ioI " 1]g:113 , I9LÞ2 "

66, Grantu R" P. The mechanlsm of A-V arrhybhmlas. Amer"
J: Med" ?0s334, 1956"

6Z " Hoffmanu B. F., Paes de Carvalho, Ao u d-e Me11o, W" C"
Transmembrane potentlals of slngle flbres of the
atrLc¡-ventrlcui.ar node. Naturel Lono " l.-BJ"-:66, 1958 "

Hoffmano B. F" u Cranef leld u P. F. E-feq!rpEily-Ë-lolaey---9!
lbe HeAr!" Toronto u Mç,Graw-Hll} Book Company ' 1960.

bö"



70.

- LOz

Hoffman, B. F" e Cranefle1d., P. F. e Stuckey, J. H..
Conóealed óond-uct lon " Clrculat ron Re s . /tt94 , 196I "

Moep G" K., Prestonu J. B. r Burllngton, H. Physiologlc
evldence for a d.ua1 A*V transmlsslon system"
Clrculatlon Res. \2352 , 1956 "

?I" Bosenblueth, Ao Two processes of aurleul-ovenbrlcular
and ventrlcul-oaurlcular propagatlon of lmpulses ln
the heart. Amer. J. Physlo1" A9þ2495, l-95B'

?2" Krayero Oo, Mandokl, J" J. o Mend-ez, C" Stud-les on
veratrum alkalold-s. XVI. The actlon of eplnephrlne
and of veratramlne on the functlonal refractory
perlod of the aurlculo-ventrlcul¿ur transmlssl.on ln
Lhe heart-Iung preparatlon of the dog. J" Pharmacol.
r_q3_3 t+rz , rg5l-.

?3. Hoffmanu B. F., Mooreo E" N" e Stuckey, J..H:, Cranefleld-,
P" F. Functlonal properties of the atrlor¡entrlcular
cond.uctlon system.- Clrculatlon Res. !j3308 , L963.

?4" Boyer, P. þos Lardy, H", Myrback, K._ þgnLz{ggÊ" VoI"
1. N. Y" Acad.emlc Press Inc. t I959o p. 538"

75. E1lls, C. Prlvate communlcatlon "

?6" Nathanson, M" H" Cli-nlcal observations on a new
eplnephrlne-ltke compound, methoxamlne. Amer. J"
Med. Scl, 223_¿270, 1952"

77, Hurst, J" W" Current TheraPY.
cómpany, 196õTT "-TÐ:-

Phlladelphla u Saunders

78" Kohll, J. D" Prlvate communlcatlon.

?9. Flnnerty, F. [oe Jr., Buehho1z, J" Ho, Gutllaudeau' Ro L.
The blood volumes and- plasma proteln durlng
levarterenol-lnd,uced hypertenslon" J. C1ln. Investo
y2425 , rg 58 "

80" Sutter, M" C" Noradrenallne--A stud.y of lbs role ln
próductlon of and protectlon agalnst shock. Thesls
presented. to The Unlverslty of Manltoba, 1963"

81" Innes, I. Ro, Krayer, Oo, hlaud., Ð" R. The action of
rauwolfla alkalolds otl the hearb rate and- on the
functlonal refractory perlod of the atrloventrleular
transmlsslon ln the heart*lung preparatlon of the
dog" J. Pharmacol. L?4t324, 1958"



- 103

82" Mendezu C., Acevesu Jo u Mendezu R. The antl*ad'renerglc
actlon of digltalls on the refractory per191 of the
A-V transmlsãlon systemu J" Pharmacôf. 131-3l99s l-96l-.

83. Mend.ez , Co u Gruhzttu Co Co ¡ goêr G" K" Influence of
cycle iength upon refractory perlod. of aurlcles and
ventrlcles and. A-V node ln the dog" Ameru J* Physlol"
1t_t:28? , :-.956 

"

84" Innes, T. R" Prlvate communlcatlon.


