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CHAFTER I

INTRODUCTION

Ascending srinal rathways mediating somato~
sumrathetic reflexes have been the subdect of extensive
investigation. Churng ard Wurster £281 working in
anesthetized catsy localized the afferent limb of somato-
sumrathetic reflexes medisating both rressor and derressor
resronses 1in  the dorsolateral sulcus area (DLS)  and
dorsolateral funiculus (OLF) of the srinal cordy
resrectivelyw. Quest arnd Gebber [142]1 showed that in
anesthetized and decerebrate cats somatic afferent sestems
are also involved in vadgal Parassmpathetié regulation of
heart rate, RBarorecertor mediated braducardia induced in
these animals was attenuated by high internsity stimulation
of the sciatic nerves. In anesthetized cats Geis and
Wurster [631 effectively eliminated this somatic afferent-
rarasumrathetic interaction by rlacing bilateral srinsl
cord lesioms in the DLS, These authors suddested that a
relatively discrete bundle of axons ascending in this
redion interact with nmeurons 1) i the dorsal motor
rnucleus of the vadus influencing myccardial contractilitu
and 2 in the nucleus ambiduus which mediate chronotroric

setivitey [641,
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The afferent systems involved in the somato-autonomic
reflexes outlined above are rresumed to rarticirate in
cardiovascular resronses to nocicertion snd/or exercise.
Faterson [1361 srorosed that the bhlood sressure elevation
which accomranied exercise i man was brousht about by
activation of afferent fibers oridinating in contracting
muscles., This hurothesis found significant susrport in
other studies on huﬁan gsubrdects bw Alam and Smirk
[2¢3+4,51y Asmussen and Nielsenn [111y and Lind et 31,
C108»1091, More recentlwy Coote et al, L[361 and McCloskew
and Mitchell [1181 confirmed the rarticiration of muscle
afferents in rFressor refleres evoked in snesthetized and
decerebrate cats. Coote et a8l. [361 induced tetanic
contraction of frind limb muscles by ventral root
stimulation (L&6-51) which was accomranied by significant
elevations in blood rressure. The reflex nature of this
resronse was confirmed by sterwise section of the dorsal
roots (L6-S1) which rrodressively eliminated the sressor
resronse to ventral root activation. Since sectioning the
articular nerves in the working limb did not slter the
blood rressure elevationy thew surmised that muscle
afferents were most likelw involved. Furthermoresr the
stimulus arrears to be chemical in nature in  that
simultaneous muscle contraction and hind limb arterial
occlusion rotentiates the Pressorlresponse. McCloskew and
Mitchell £1181 obtained similar resultss, but also

suddested the sartial involvement of mechanorecesrtors in



the cardiovascular resronse to such exercise.,

The rpresent investidation examines the localization
and activity of Lthe asscending limb of somsto-sutonomic
reflexes in  anesthetized and wunanesthetized dods. I
acute rFrerarationsy these reflexes were evoked bw 1)
direct electrical activation of somatic afferent nerves or
2) stimulation of multirle ventral roots which elicited
sustained himd limb muscular contraction. As  in the
snesthetized and decerebrate cat srrerarations described bu
Coote et a2l. [348] and McCloskew and Mitchell [1181,
occlusion of the blood surrly to working muscles in this
studey (chloralose or rentobarbital asnesthetized dods)
resulted in  an  accentustion of the rFressor resronse to
induced exercise, Furthermores the locstion of the
ascending srinsl systems which mediate this cardiovascular
reflex were found to be similar to the rathuwsus activated
by direct stimulation of somatic sfferent nerves.

In conscious dodsy blood rressure and heart rate were
elevated in resronse to treadmill running. Restricted
hind led blood flow during such exercise sidnificantlu
rotentiated this reressor resronse. Finallyy the effects
of sectioning the ascending srinal rathwads which mediate
somato-sutonomic reflexes in dogs (ascute study) uron the
cardiovascular resronse to exercise with or without hind

limb ischemia were noted.



CHAFPTER II

LITERATURE REVIEW

A Backdground:! Studies Emrlowding Direct Stimulation of

Somatic Afferent Nerves
1. Somato-sumrathetic Reflexes

It has long been known that electrical sctivation of
somatic afferent nerves results in alterations in blood
sressure  and heart rate in gnesthetized anmimals. Hunt
{8531y inm 1895 noted that weask stimuli Dbrind about &
derressor resronse while strong stimulation of the same
SEeNS0rY nerve elicits 38 Fressornr refle:. More
srecifically, the cardiovascular resronse to somatic
afferent activation derends uron the intensity [116y1417
and frecuencwy [73y1701 of the stimulus. Hunt exslained
this rhernomenon a8s the differential sctivation of sressor
and derressor fibers in rerirheral afferents with altered
strength of stimuli.

Rarnson et al. [143-1461 rrorosed that asltered
stimulus rarameters broudght about sctivaetion of different
rathways in the central nervous sustem., In 8 rreliminary
investigationy Ranson [1461 demonstrated that similar
cardiovascular resronses could be elicited with identical

4



stimulation of brachial and sciastic nerves, In later
studies [143,144,14531 various lesions were wlaced in the
lower thoracic and urrer lumbar seinal cord under asertic
conditions. Following recoverw from this initial surdgical
Frocedure (3 hours to 30 dauws later) the cardiovascular
resronses Lo strong and weak stimulation of brachial andg
sciatlic nerves were samined. These authors found that
bilateral lesion of the dorsolateral sulcus area (NLS)
resulted 1m 38 marked reduction in the rressor resronse to
high intensitey sciatic merve stimulstion. This seinal
section did rnot effect the blood eressure increment
following similar activation of the brachizl nerve. The
derressor resronse 1o low internsitw sciatic nerve
stimulation was lost following bilateral lesion of the
lsteral funiculi. Adgains these lesions did rmot alter the
resronse  to brachial nerve stimulsation. These findinsgs
led Ranson and co-workers to suddest that afferent sressor
arnd derressor rathwads ascend bilaterally in the DLS and
lateral funiculisr resrectively., Thew concluded that hidgh
or low intensity stimulastion of the same rerirheral nerve
activates different central sustems., This theory
challended the existence of serarate rressor and derressor
fibers in rerirheral sensory nerves rrorosed by Hunt.

In 1943 Gordon [692]1 carried out exreriments which
surrorted the theories of both Hunt and Ranson. Gordon

fournd that direct arrlication of cocaine to the sciatic
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rnerve selectively blocked the rressor reflexy while
asrhuxia blocked derressor resronses, This investidgator
suddested that smalls wurnmuelinated fibers are more
rrofoundly influenced bw cocaine arrlication and are the
*sressor fibers" described by Hunt. Converselw lardgers
muyelinated fibers are more suscertible to asrhuvias and may
be regronsible for activation of derressor reflexes,
Gordorn also found that 28 derressor resronse could be
converted to a8 rFressor resronse by increasing stimulus
frequency while holding intemsity constant. This imrlied
that stimulation of the same afferent fibhers may asctivate
rressor or  derressor systems derending uron the stimulus
rarameters emrloved (88 rrorosed by Ranson). This
hurothegsis dis also surrorted by the work of Chung et al.
281,

As outlined sbovery the earlsy interest in somato-
sumrathetic reflexes was focused uron the cardiovascular
resronse  to somstic afferent stimulation. However as
nerve activity recording technicues imrrovedy studies
aimed at elucidating the central rathwagss for somato-
sumrathetic reflexes exranded [19+y34,98,154,1551, Sato et
al. L1361 recorded chandes in dross nerve activity in the
lumbar sumrathetic trunk in  resronse to sciatic nerve
stimulation, These asuthors noted srinal and surrasrinal
comroments of such somato-suymrathetic reflexes. The srinal

comonenrt was rreserved following C8 or Tl srinal



transection and is rresumed to be a local (encomrasssing 2+
3 srinal segments) activation of suymesthetic rredandlionic
neurons. The surrasrinal comronent is lost following this
srinal section and is  thoudght to ascend to the medulls
where gctivation of higdner centers brinds about a
generalired activation of the sumratheltic nervous sustem
via activation of descendindg sustems,

The srinal rathwaswes for the descending limb of
somato-sumrathetic swstems have been localized on the
surface of the dorsolateral funmiculus (OLF) 1.+5-2mm
ventrolateral to the DLLS [50]), The ascending limby as

initially described by Ranson has also underdorne externsive

investidation. Johamnsorn [871 was unable to verify the
srinal rathways for rressor  and derressor  sustems
described bw RKarnson. Johannsornn could not abolish the

Fressor resronse to reroneal nerve stimulationm with a
dgross lesion of the entire dorsal half of the srinal cord
at C3. This investidgator suddested that the ascending
Frressor rathwaws are 8 diffuse sustem a8t this level.,
Converselyy Coote and Downman L3473, using
electrorhysiolodical technicues sudgdested that the
gscendind srinal rathwaus for somato-sumpathetic reflexes
are in the dorsal horns and the dorsal rortion of the
lateral funiculus. Recentlyry Chung and Wurster L2811 have
described 8 discrete rressor rathwae zscending bhilsteraslly

in the nes and 8 derressor suystem which ascends



8
pilaterally in  the DLF, Furthers Chung et al., [27]1 have
shown that A afferent fibers asctivate the derressor sustem
while C fibers activate the rressor sustem.

2, Somato-rarasumrathetic Reflexes

Stimulation of somatic afferent nerves maw also bring
about alterations in rarasumeathetic sctivity, The first
descrirtion of somatic afferent-rarasumrathetic
interaction was rerorted by  Johsnsson in 1962, This
investidgator noted 8 vadallu-mediated heart rate reduction
in resronse to low intensitw stimulstion of the hamstring
nerve in  anesthetized cats [87]1. Irichidima and Rumada
L8671 in 1963 recorded srontaneous activitwe in cardiac
branches of the vadus nerve in anesthetized dodgs. These
authors moted that high intensite (10V, 100H=z) stimulation
of the sarhenous or brachiasl nerves resulted in 3 marked
reduction of this tonic vasgal zactivitw, Irichidims and
Kumads suddested that stimulation of rerirheral sensory
nerves maw activate a2 center in the medulls which
simyltaneously enhances sumrathetic outrut and reduces
rarasymrathetic outrut from the cemtral rnervous sustem.

While the central eathwawss for somsto-sumrathetic
reflexes were extensivelw studied through the 1960's (see
rrevious section) the first investidation into the central
mechanism of somsto-rarasumrathetic reflexes was not
forthcoming wuntil 1972 (Quest and Gebber [1421)., In this

study vadalluy-mediated braduycardia was induced by 1)
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intravenous FrFhenglerhriney 2) carotid sinus nerve (CSND)
stimulationrs 3) electrical stimulation of the nucleus
tractus solitarius (NTS) and nuclewus ambiguus (NAYy and 4)
rerirheral vadus nerve stimulation. The braducardis
induced by rhenwlerhrine administration was abolished bw
section of carotid sinus and aortic derressor nerves and
is thoudght to be a3 barorecertor mediated rhenomernon [1673.
It is 8lso known that the NTS is 3 wmedullarwe terminus for
barorecertor fibers £38,39,1311 activated b CSN
stimulation and that the NA contains the cells of oridgin
of cardisc vadgal afferents L[62:74,931 (see Geis and
Wurster below). The heart rate reductions brousht sbout
by intravenous rhenglerhriney NTS and CSN stimulation were
asttenuated by high intensitg bilateral stimulation of the
sciatic nerves., Converselwyy low intensity and low
freauency stimulation of these somatic afferent nerves
enhanced the heart rate reductions in resronse to these
manirulations. The theart rate resronses to electricsl
acetivation of the NA and the rerirheral vagus nerves were
unaltered by sciatic nerve stimulations. In conclusions
Quest and Gebber rrorosed that somatic afferent sustems
interact centrzlley with the cardiovagal component of
barorecertor reflexes.

Geis and Wurster confirmed and extended these
findinds in  their studs of +the srinal and medullarw

rathwaus for somato-rarasuymrathetic reflexes [621. These
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authors described three distincet medullary redgions which

contain cardisc wvadal sredandlionic somata! the dorsal
motor nucleus of the vadus (IMND) » the NA and an
intermediate zone between these two regions. Im &

functional stude Geis and Wurster [463]1 monitored heart
rate and ventricular contractility (strain daude outrut
ang dF/dt) in resronse to medullary stimulations. Thew
found that activation of cell bodies in the IMN elicited a
reduction in ventricular contractility but did not
influence heart rate. Converselwyy NA stimulation rroduced
onlg negative chronotroric effects. Recentlyy [64]1 these
investidators monitored chronotrosic and inotroric
alterations in  resronse  to CSN stimulation. These
vadally mediated cardiac resronses were influenced bw
reroneal nerve stimulationsy confirming the central
interactions of somatic afferent sustems and barorecertor
reflexes. This interaction was eliminated following
bilateral NLS lesion rlacement in the lumbar seinal cord
of these aznimals (anesthetired cats), Geis and Wurster
sudgdested that a relativelw discrete bundle of axons
dscending 1in  this redion interact with neurons 1) in the
IMNy influencing mgocardial comntractilite and 2) in the NA
which mediate chronotroric asctivitu.

Recentlwr Kozelka et al. [9295100] rerorted that the
cardiovascular resronses to sciatic nerve stimulation in

rentobarbital or chloralose anesthetized dods were
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comrletely elimimated by LS sectiom in the lumbar ssinal
caord. The srinal site for the sscending rortion of this
somato-autonomic interaction is comrarable to the location
of fibers mediating somato-sumrathetic [28]1 and somsto-
rarasumrathetic £s41] reflexes in  anesthetized catls.
Howevery the antadgonism of barorecertor inducedy vadally
mediated braducardia (induced Hhy rhenglerhrine
administration) by somatic afferent stimulation was still
~resent following this lesion. In these animalsy
interrurtion of somatic afferent-rarasumrathetic
interactions was not achieved until srinsl lesions were

#tended to include both the LS and the OLF. Therefores
the ascending rathwags of the somato-autoromic reflexes
brinding about heart rate resronses arrear somewhat more
diffuse in the anesthetized dod tharn might have heen
exrected with extrarolation of data from cats [28y641.

R. Somatic Afferent Stimulstion?! Physiolodical

Imrlications

It is well known that mormal behavioral adartation to
environmental stimuli include 3lterstiomns in autornomic
activity which bring about chandges in blood rressure and
heart rate. For examrlery indections of endodgernous asldesic
adents such 38s bradgkininy S-hudroxgtrysrtaminer histamine
and rotassium  which result in rseudo-affective resronses
in  animals 751 and rain in man (22,1121 also bring sbout

an increase in blood rressure and theart rate in
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exrerimental animasls [23,1327. These substances may
rartake imnm  the rhusiological resronses to tissue damade
(ies nociertiorn). In this veirns Lim et al, [1071 rnoted a
rowerful rFressor resronse to intra-arterial indection of
bradekininy and suddested that this substance maw bhe
involved in the deneration of muscle ra3in. Dorart [43]
rrorosed that the rain that occurs in resronse to exercise
may result from stimulation of sensory nerve endindgs by
rotassiumy which is krnown to accumulate in working muscles
L4678,

The behavioral sand asutonomic alterations brousht
about bw intra-arterial indection of aldesic substances
are thought to be due to the activation of drour III
£48,53+124,1251 and IV L[77,124,1251 afferent fibers in
skeletal muscle (as well as small mwelinsted and
urmwelinated fibers of cutaneous oridgin), These fibers
are also thought to act as thermal recertors and
chemorecertors irn muscle L1157 which mediate
cardiovascular resronses to non-rainful exercise [371
(also see sect C2),

Unfortunatelsy the central mechasnisms mediating the
cardiovascular resronses to such stimuli have not been
well studied. Howevers as outlined in the rrecedind
section the central rathwaus for somato-autornomic reflexes
evoked by electrical activation of rerirheral afferent

nerves have beernn well chasracterized. Additionallyr by



13
altering stimulus rFarameters srecific drours of afferent
fibers Can be activatedy thereby simulating more
rhusiolodical resronses to rain or exercise. For examrler
altering stimulus rarameters to activaete A betar A delts
and € fibers of skin or drour IIy III and IV fibers of
muscle nerves results in enhanced sumeathetic outrut.
Converselyy activation of drour II and III or A bets
fibers reduces sumrathetic activity (for review see Coote
£321 and Wurster [1711),

In the following sections the literature describing
the rhusiolodical activation of somatic afferent fibers
(ie. sctivation by muscular work or chemical irritation)
are reviewed. Howevers it must be kert in mind that many
of the concerts redarding the central mechanisms of such
rhuysiolodical somato-autonomic interactions are based uron
the studies outlined in sections Al and A2,

c. Phusiolodical Activation of Muscle Afferents
1. Resronse to Exercise in Man

Cardiovascular resronses to rhusical exertion were
first moted in the 1890’s., In 1904 RBowen [22] noted a
birhasic increase in heart rate in humans during densmic
leg exercise (bicycling). This investigator rerorted s
rarid srimarg rise in rulse rate at the onset of work
followed by a3 more dgradusl secondarw cardiac acceleration.
The imitisl, rarid rise in heart rate was sttributed to

gstimulation of the circulatory centers by the motor cortex
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and sensorwy nerve endinds of the contracting muscles, The
slowery secondarw resronse was rrorosed to be due to
agltered nervows inrut into cardiovascular centers due to
heat and metabolic waste rroducts develored in the heart
and working muscles. Bowen a3lso observed a dradusal rise
in blood rressure which leveled off after several minutes
of mild to moderate exertion., This rressor resronse to
hicycle exercise was attributed +to the incressed rulse
rater contraction of abdominal muscles and increased
venous return from the 1leds i resronse to alternate
contraction and relaxation of larde muscle drours.

Krogh and Lindhard [101] observed the resriratorw and
cardiovascular resronses to the sudden onset of strenuous
exercise on a8 bicwcle erdometer. In one of their subdects
(anticirating heavy work) they noted 2 marked increase in
ventilation at the onset of mild wertion (mirnimum
tbrakeload). These authors suddested that the initial
cardiovascular and resriratorw resronses to exercise were
due to an irrsdistion of impulses from the motor cortex
and were not reflex in nature., Similarluy Gillesrie L[&3]
suddested that the blood rressure and heart rate elevation
in resronse to muscular work was similar to the
cardiovasculaf alterations induced by mental woarhk.
Howevers, rhusiolodical evidence surrorting the direct
agctivation of circulastory and resriratory centers by the

motor corter was slow to arrive.
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Faterson [£1361 carried out exreriments similar to
those of Krogh and Lindhard,., Howeversy in his exreriments
the subdects bedan bicwgeling adainst 8 small resistance.
As exercise continuedy the work load was rFrrodressivelu
increased resulting in steady increments in blood rressure
and heart rate. This methodology reduced the emotional
influence uron blood rressure and hesrt rate brought about
by the sasnticiration of "the considerable imitial effort
reauired to overcome the inertia of the fluwheel*'. In
contrast to the findings of Krosgh and Lindhsrdy Faterson
rnoted only a3 slidht elevation in these cardiovascular
variables at the onset of worhk. This investidator
sugdested that the rrodressive elevation of blood rressure
and heart rate with increasing work loads was reflex in
nature. Srecificallyy he rrorosed that increased
metabolic activity stimulated afferent fibers in  the
working muscles which wultimatelw elicited 38 rressor
resrFoOnse.

In 19346 Nielsen L1331 noted an increased excitability
of resriratoryg centers during muscular work. Assmussen et
al. L1271 demonstrated that this saltered central
excitability was not induced by blood borne substances
originatind in exercisind muscles and must be cortical
(Krogh and Lindhard) or reflex (Faterson) in nature.
These findings led Asmussen et al. L[11]1 to investigate the

nature of the resriratory alterations observed during
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muscular activity, These authors found identical
ventilatory resronses to both voluntarg and stimulation
induced muscular exerciser and concluded that these
resriratory slteratiorns were reflexlw induced.,

The reflex nature of the cardiovascular resronses to
ercise was 8lso surrorted by the observations of Alam
and Smirk. In 1937 these authors noted that the eressor
resronse to rhuythmic exercise was markedly elevated by
interrurtion of the circulation leading to the working
muscles £33, Srecificallyy rhuthmic contraction of
forearm muscles with no occlusion rroduced am increase in
sustolic blood sressure on the order of 10 mm Hg over 3
reriod of 3 minutes. This same exercise resylted in a3 435
mm H& rressor resronse over 3 similar time course when
blood flow was interrurted at the urrer arm. After the
cessation of muscular asctivityy blood rressure did rnot
return to rFre-exercise levels wuntil the circulsatory
occlusion was released, These authors 8lso rnoted the
maximum blood Fressure elevation durind vascular occlusion
before and after the onset of rain in working muscles.
Thew rerorted that sigdgnificant rressor resronses could he
induced in the absence of rain [2,31F howevery the blood
rressure elevations were markedly dgreater with the onset
of severe discomfort in these exreriments. In a
subsequent FaFers Alam and Smirk [51 noted that

simultaneous erercise~acclusion also regsults in  arn
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@levation in heart rate, These authors sudgdgested that the
cardiovascular resronses to exercise were reflexly induced
be chemical stimulstion of nerve endinds inm volumtary
muscles,

To test the above hurothesisy cardiovascular
resronses to rhythmic exercise with simultaneous occlusion
were tested bwe Alam and Smirk [41 in 8 rerson with a3
unilateral srinal cord lesion. This srinal ratholodgdw
resulted in 8 comrlete sensory deficit in the right led ur
to 4 inches above the knee, In this ratient the rressor
resronse to exercise-occlusion in the affected (lower
right) led and the same muscle drour in the unaffected led
was identical. As described abovey sustemic arterisl
rressure remained elevated following left led exercise as
long a8s the circulation in this limb was obstructed,.
Howevery with cessation of ewxertion in the right leds
blood sressure returned to rre—exercise levels desrite the
maintenance of vascular occlusion. These observations led
Alam and Smirk [4] to conclude that the rressor resronse
to exercise was due to both cortical and reflex activation
of the brain stem centers which control blood rressure.
Srecificallyy the rressor resronse evoked during exercise
was thought to be influenced bw cortical inrut to these
centers. Converselwy rost-exertion occlusion was rrorosed
to result exclusively from chemical stimulation of muscle

afferent fibers which were interrurted on the affected



side.

Rethmic exercise leads to a8 significant increase in
cardiac outrut [13,1081. Howevers totasl systemic vascular
resistance falls in  rrorortion to the intensity  of
muscular activite [7273. Conseauently sustolic Frressure
rises but diastolic rressure does not [25y166]1y accounting
for the relatively small rise in mean blood rressure
observed during dunamic exercise [82,1671. As rointed out
abover these rressor resronses are dgreatly elevated by
occlusion of the blood vessels leading to the working
muscles. Converselwy static or isometric exercise results
in marked elevations in blood rressure and heart rate
because ischemia 1is dreater during static work due to
mechanical obstruction of blood flow by the workindg
muscles L6s7989P915916¢20¢4996997017. The chronotroric
resPonse to static exercise is mediated bhw vadal
withdrawal [551y while vasoconstriction in non-active
vascular beds ( medisted bw the sumrathetic nervous system
£361 ) is resronsible for the larde rise in arterial
rressure £42,84,111,13817.

Lind et al. [10%21 took advantade of the larde rressor
resronses which occur during isometric contractions in an
effort to determine whether these resronses were reflexs
humorals or central in nature, These investidgators roted
the cardiovascular alterations to sustained hand srie

contractions in 8 ratient with unilatersal surindomuelia.
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In these exreriments Lind et al. found that the blood
Fressure resronse  to  swustained forearm work on the
unaffected side was similar to that observed in healthy

subJdects., Converselyy isometric contraction of forearm

muscles on the affected side resulted in a8 significantly
smaller rressor resronse. These observations were taken
as evidence for the reflex nature of the blood sressure
resronse to static edercise.,

There is a larde body of evidence surrorting the
reflex nature of the rressor resronses to exercise both in
man (outlined asbove) and in animals (nex section).
Howevers the cortical irradiation hyrothesis erorosed bw
Krogh and Lindhard has also found surrort., In 19263
Asmussen et al. £103 monitored cardiovascular and
resriratory alterations induced by static exercise in
human subJdects before a8nd after rartial curarization.
This drug reduces muscle strength such that dgreater
central command is reuired to achieve 8 given level of
muscular asctivitwy [681, These authors found that-the
blood eressures heart rater and ventilatory resronses to
identical levels of dunamic work were dgreater in rartiallyg
curarized s Jdects, Asmussen suddested that these
findindgs maw be due to increased activity 1in muscle
srindle afferents or an "increased activation of the dgamms
loowr". Howevery animal exreriments indicate that

activation of limb muscle srindle afferents by vibration
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rroduces no  arrreclable cardiovascular or reserirstory
alterations [80,117,1181, It has also been demonstrated
that asnodal blockade of Goldi tendon and muscle srindle
afferents does not alter the cardiovascular and
resriratory  resronses mediated bw muscle afferents during
contraction (see next section). Thereforer the findings
of Asmussen et 8l. may be interrreted 3s evidence for the
rartizl involvement of central motor command in initiasting
the cardiovascular resronses to exercise L[68,138].

Freyschuss [541 carried out exreriments in which the
subdects were instructed to rerform hand drir (isometric)
exercise after succinslcholine block of motor nerves in
the arm, This investidator rerorted sidnificant increases
in blood rressure and heart rate in these individuals
desrite the absence of muscle work:s and suddested this
resronse was of central oridin., Howeverr Goodwin et al.
L6671 rointed out that acutely raraluzed individusls are
rsucholodically stressedy and this emotional state maw
significantly contribute to the autonomic aslteration
induced by the attemrted exercise [441, This criticism
also comrlicates the interrretation of data om rartislly
curarized subdects (Asmussen et a3l1. 19865).

In an effort to minimize the emotional factors
described above Goodwin et al. [681 designed exreriments
in which central command could be altered reflexly,

Srecificallyry the central effort necessary to rerform 3



given level of bicers exercise could be reduced by
vitrational stimulation of Frimary muscle srindle
afferents in that muscle., Converselyrs when such afferents
were stimulated in the tricersg (antadgonist) muscleys
greater central command was required to achieve similar
bicers workhk, These authors rerorted that the blood
Fressurer heart rate amd rulmonary ventilation resronses
to 8 comnstant level of isometric exercise were increased
whern central command was dreatery and decreased when
central effort was reduced.

Recentlyy Mitchell et al, [1301 have further
demonstrated that the cardiovascular resronse to ststic
exercise in man arrears to bhe derendent uron both central
and rerirheral control mechanisms. Howevers conclusions
drawn from such exrerimentation musgt bhe substantiated by
direct rhysiolodgical observations which can only be
rerformed i laboratory animals., Toward this end the
nature of the rFrressor resronse to muscular exertion (both
static and dunamic) has been extensivelw investidated in
animal errerarations. These exreriments are reviewed in
the next section.

2, Muscular Work Induced in Anesthetized and

Decerebrate Animal Prerarations

As described in the rrevious sectiony the
observations of Alam and Smirk and others strondgly sugdest

that the cardiovascular and reseiratory ressonses to



exertion involve the rarticiration of a chemosensitive
reflex. However, because several factors may be scting
simultaneousls in conscious exercising many exreriments
were desidned in which muscular work could be induced in
anesthetized animals. In 1942 Comroe and Schmidt [31]
evoked muscular activity in anesthetized dbSS anid cats by
stimulation of lumbar a8nd sacral ventral roots. This
*exercise” resulted in marked increases in minute
resriratory volume in both srecies. In dods the
resriratory alterations evoked during hind limb work were
eliminated by srinal cord transectiony thus establishing
the reflex nature of this resronse., Converselyy chandes
in ventilation brought sbout by ventral root stimulation
in cats were unaltered bw srinal sectiony indicating that
srecies differences may exist,

I 1947 Euler and Lildestrond L[45]1 induced
cardiovascular alterations by direct stimulation of
skeletal muscle in rabbitsr cats and dogs. These authors
could rnot evoke the rFrressor resronse to muscular work
which had been Freviously described in human
exrerimentation. In facty thew observed significant
reductions in blood srressure and heart rate following
direct muscle stimulation confirming the observations of
Mcliowall [1201. This derressor resronse was enhanced by
carotid sinus and derressor nerve sectiornr and was still

rresent after L1-L.2 srinal cord transection. Finallwuy
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they noted that uron cessation of work the bhlood rressure
occasionally rose above resting levels, This rost-
edaercise Fressor resronse was asudgmented bw administration
of das mixtures ‘"rich in carbon dioxide and roor in
oxuden®, These observatiorns led Euler et al., to conclude
that tlood rressyre was maintained by barorecertor
reflexes durind muscular work. Thew further sudgested
that central carbon dioxide accumulation and/or oxugen
deficit maw 8lso influence the blood Fressure during

“ercise.

The arrarent discrerancy between the findindgs of
Euler and Lildestrand and the blood rressure resronses
observed 1in exercising man were not resclved for seversal
Hears. It is now well kpown that both rFressor and
derressor resronses can be evoked by direct activation of
skeletal muscle derending uron the stimulus rarsmeters
emrloved., Clement et al. [301 noted that blood rressure
reductions followinsg 9 Hz muscle stimulation were
converted to rressor resronses by dincreasing stimulus
frecquency to 20 H=z. These authors further noted that
blood rressure increments following hidgh freauerncy muscle
stimulation were eliminated or converted to derressor
resronses following muscle-blocking doses of dallamine,
Converselyy blood rressure reductions following low
freauency stimulation were wnaltered by drug induced

raralusis. Clement et 31, [29+301 rrorosed that derressor
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resronses of this nature may result from direct activation
of muscle afferents lknown to bring about blood rressure
reductions in cats [159] angd dods L1271, However the
observation that the derressor resronses evoked thy
skeletal muscle stimulation are still rresent after srinal
transection (Euler et al. above) suddgests that humoral
factors are released from the asctivated muscles.

The involvement of blood borne swubstsnces in the
cardiovascular resronses to exercise were exdamined bw Kao
and Raswy [89y901., These authors demonstrated am increase
in ventilation and cardiac outrut in dodgs in resronse to
direct stimulation of hind limb muscles. Thes further
emrloved cross circulation technicues to determine whether
these resronses were initisted by neural or humoral
stimuli, "Neural" dods (exclusively neural communication
between exercising muscles and the rest of the amimal)
demonstrated increases in PulmonarQ ventilation and
cardiac outrut sigrnificantly larder than those observed in
intact animals resronding to such exercise. In "humorasl®
animals (receiving blood from the exercising extremities
of amnother amimal) the increase in cardiac outrut during
exertion was less tham noted in the intact (neural and
humoral) rreraration. 'Humorai' dods also disrlaged larde
increases in  A-V oxuden difference imrluing that humoral
factors alome are not sufficient to regulate cardiac

activity durindg xercise., Kao and Raw concluded that
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humoral factors released durind direct stimulation may
lead to ‘rerirheral circulatory failure® (a8 derressor
resrFOnsSe ).

These observationss together with those of Euler and
Lildestrond and more recently Clement et al. suddgest that
both rneural and humoral mechanisms maw rartislly account
for blood rressure reductions following direct stimulation
of skeletal muscle. Howevery the rhysiolodical
significance of such resronses are not clear because 1)
blocking muscular work did not alter the resronses and 2)
direct muscular stimulation activates afferent fibers in
an unFredictable secuence and maw dive misleadindgd results.

Imn 1971 Coote et al. [361 suddested that direct
muscle stimulation wmaw lead to indiscriminant activation
of 1larde numbers of afferent fibers which could distort
arFrrorriate semsorw  inerut  arising  from the contracting
muscles, These authors sought to avoid such artifacts bu
3 more natural means of induced exercise. More
srecificallyy thew induced tetanic contraction of hind
limb muscles by (Lé6-51) ventral root stimulastion (3 la
Comroe and Schmidt)., This sustsained (one minute) work was
accomranied by a sidnificant elevation in arterial
rressure [35y361. The reflex nature of this resronse was
confirmed by sterwise section of the (Lé6-51) dorsal rootss
which Prrodgressively eliminated the pressor resronse to

ventral root activation. Since sectioning the articular
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nerves 1in  the workimng limb did not alter the blood
rressure  elevationy thew surmised that muscle afferents
were most likelw 1involved, Furthermorer the stimulus
arreared to be chemical in nature in that simuyltaneous
muscle contraction and hind limb arterial occlusion
rotentiated the rressor resronse.

The observations of Coote et al. were confirmed and
extended by McCloskey a8nd Mitchell [118,1291, These
authors noted 28 rise in arterisal blood rressures heart
rate and rsulmonarwy ventilation durindg static contraction
with simultaneous occlusion. Howeverr the tachugcardis in
these exreriments (snesthetized cats) was much smsller
than the heart rate increments observed in man during
isometric exercise.

This observation may be due to barorecestor bufferindg
of heart rate during the rressor resronses induced by
ventral root stimulation. Converselyy in conscious
exercising man [21,24,122] the baroreflex is thought to be
less sensitive to rressure increases [148] which would
allow greater heart rate elevaetions.

McCloshkew et al. also noted the effect of
differential nerve block wuwron the rFressor resronse to
these isometric contractions, These authors arrlied
direct current anodal block to the L7-81 dorsal roots,.
This rrocedure is thoudght to rreferentialls inhibit

conduction of larder (drour I snd drour II) muelinated
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fibers [123], Anodal nerve block did not alter the
cardiovascular resronse to isomelric excercise in these
animalsy therefore imrlicating the involvement of Hrour
IIT and/or dHrour IV muscle afferents. This observation
has subseauently been confirmed 1in anesthetized dods
L1647, Finallysy McCloskew and Mitchell monitored blood
rressure a8t  the cessation of exercise while maintaining
circulatory oacclusion, Thew noted & rartial return to
pre-exercise levels in these exreriments and sudgdested
that mechonorecertorss as well as chemorecertorsr mag be
involved., This conclusion is surrorted by the findinds of
EBarrorn and Coote [181 in decerebrate cats. These authors
noted modest increases 1in blood sressure and heart rate
induced by rassive hind limb movement which was abolished
by amesthesia or denervation of Ture III or IV fibers.

The difference in heart rate resronses to exertion in
anesthetized and conscious subdects maw he due to sltered
harorecertor sensitivity as described above (see McCloskew
angd Mitchell [1183). Howevery the rartial involvement of
higher centers in the rressor resronse to exercise (Krogh
and Lindhard [1011 ) maw slso exwrlain this difference. In
vthis veins Rushmer et al, [151,41521 rresented evidence
surrorting the concert that central drives maw influence
cardiovascular centers during exertion. These
investidators imelanted indwelling electrodes in

hurothaslamic sand subthalamic structures of dodgs for laster
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use in the unanesthetized rpreraration, Thew rerorted that
electrical sctivation of these structures in swake animals
induced cardiovascular alterations similar to those
observed in the same dodgs during treadmill exercise. It
has further been demonstrated elsewhere [160,1691 that the
cardiovascular resronses evolked by herothalamic
stimulation a3re verw similar to those observed during
muscular exertion.

More recentlyy Gebher and Snuder [592] suddested that
the central drives described bw Rushmer et al, mas in fact
influence barorecertor function durindg exercise. Thew
noted that the braducardia elicited’bs carotid sinus nerve
stimulation was blocked by hyrothalsmic stimulation in
srinal cats. These authors concluded that hgrothalamic
activation 1inhibits the efferent cardiac vadal comronent
of barorecertor reflexes. This observation (confirmed bw
others [41sy831) sudgdests that central inruts may modify
the cardiovascular reflexes oridinating in working
muscles.,

Converselwys Coote and Dodds [33]1 noted that the
inhibition of barorecertor reflexes by hurothalamic
stimulation may simulaste the defense reactionrs and not the
cardiovascular resronse to xercise. These authors
confirmed the finding of Quest and Gebber which indicate a
central interaction between baroreflexes and somatic

afferent stimulstion (sectiorn A-2). Howevers theu were
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unable to demonstrate a2 similar interaction when somatic
afferents were activated by muscular contraction (ventral
root stimulation). Thew suddgested that electrical
agectivation of rerirheral afferents may simulate
nocicertion rather tham rphusiolodgical exercise and that
central mechanisms mediating the resronses to stimulation
and contraction arrears to be differemnt. In this model of
induced exerciser howevers inrut to the hurothalamus from
higher centers was not studied, Such inrut maw account
for the differences in the cardiovascular resronses to

ercise in conscious and anesthetized subdects.,
3. Chemical Stimulation

It is well krnown that the rsressor resronse and
tachycardia which ocecur during exercise are dgreatly
enhanced by circulatorwy occlusion (see sections IIA and
IIBE and refs 11s162). This cardiovascular resronse is
thought to result from the activation of a2 chemosensitive
reflex which oridginates in muscle afferents in resronse to
arn  accumulation of metabolites. This theorw has dained
surrort from studies emrlowing local indections of 2s4
dinitrorhenol which wuncourles widative rhosrhorulation
and may simulate exercise hyrermetabolism L1131, This
substance has been found to cause reflex increases in
heart rate anmd blood rressure when indected into the hind
limb of animals £105,1651. Amord the metabolic

slterations krnown to occur during musculsar ischemisa are 1)
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decreased oxydery 2) increased carbon dioxidey 3)
decreased nrnutrients ed. dlucosey liridss ketorne hodiesy
etCc.r 43 increased hudroden ion and rotassium  dion

concentrations and 5) increased tissue osmolarite £70,7117.

In 19260 Lassar [1041 noted that intra-arteriasl
infusions of hyrertonicy but not hurotonic solutions of
saliney urea and dextrose resulted in increases in blood
rressure and heart rate. Faintal L1341 rerorted that such
herertonicity stimulates sensory nerve endinds in skeletal
muscle and wmaw be involved in rain rercertion. In more
Frrecisely controlled exreriments Windenthal et 31, [168]
studied the effects of close-arterial indections of
rotassium chloride (0.3-1,0 molar) in the vascularly
isolated hind limb of dodgs. Vadotomw or strorinization
did not aslter the cardiovascular resronse to these
infusions while beta adrenerdic blockade with rrorranolol
reduced onlw the tachweardia following intra-arterial
rotassium. Finallyy the blood rressure and heasrt rate
resronses to KC1  infusion were eliminated by section of
the femoral and sciatic nerves in these animals. These
observations have\been confirmed in other studies on dods
L1131 and cats 117,

Hrnik et a1, L7921 recorded sensorw nerve activity in
the rerirheral stumer of muscle afferents during close
arterial infusions of rotassium ions., These authors noted

that nearlwy all fiberss, both eFrorriocertive and norn-
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srorriocertivery resronded to KC1 infusions by either
increasing their rate of discharde or by the arrearance

of ectivity in rreviouslw silent endings. Imrortantluy
the venous blood rotassium ion concentration was raised
from 4-5 to 7.5-12.95 mEc rer liter during the infusions
which is in the phusiolodical rande for venous blood after
muscular activitwy L9513,

In light of these observationsy it seems reasonable
to conclude that metabolic bw-rroducts such as rotassium
ions mayw be involved in the cardiovascular reflexes
oridinating in workindg muscles. As noted in the rrevious
section (and elsewhere [1391)s exercise reflexes arrear to
bhe mediated by slowlw conducting (drousr I1I and grour IV)
afferent fibers., It has also been demonstrated L[17,1611]
that such fibers oridinate a38s free nerve endinds
surrounding arterioles and carillaries in muscle., This
location would be ideal for detection of the

rhusicochemical alterations k.mown to occour  during

exercise.



Charter III

Methods and Materials

A. Acute Study

Twernty~-six adult mongrel dodgss randing in weight from
12.5 to 29.5 K, were anesthetized with sodium
rentobarbital (30 mda/Kdsy di.vef N=35) or alrha chloralose
(100 ma/Kdgy i.v.% N=21), These anesthetized rrerarations
were catadgorized into four subgrours based uron
exrerimental rrotocol. The aorta was cannulated via the
femoral (Grour I-III) or omocervical (Grour IV) arterus
ard blood Fressure was monitored with & Fressure
transducer (Statham F23 Db) and oscillodrarh (Grasss Model
7). Heart rate was determined by a cardiotachometer
triddgered by the rulse wave in 31l animals. All druds
were administered viaz 8 cannula inserted into the femoral
(Géoup I-IIIY or internal Jugular (Grour IV) veins.
Rectal temrerature was monitored and maintasined at 37+/-1
C bw 8 warm water heatindg rad.

Im drours I-III 8 L1-L2 laminectomy was rerformed,
the dura mater resected and 3 mineral oil bath was made
around the exrosed srinal cord. The sciatic nerves were
isolatedr sectioned and likewise immersed in a mineral oil

32
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hath. The central rortions of these merves were rlaced
WO hirolar electrodesy and rFfressor resronses  wernre
elicited by bhilsteral stimulation (1520 VY, 1 msec

durationy 100 Hz for 25 seconds), The dodgs were raralgzed
with decamethordium (.3-.5 mg/Kdy i.ve) to eliminate reflex
muscle movements in resronse to somatic afferent
activationr and rlaced on 2 rositive rressure resrirator.
Additional bolus indections of decamethonium were
administered as needed during the course of the
exreriment.

In drour IV animals rneumatic occluders (4 mm andg 10
mm inner diameter) were fitted around both external iliac
arteries and the inferior vena cavar resrectivelw. In
these animals a2 L3-81 laminectomy was rerformed and the
dura mater was resected. A mineral oil bath was then
fashioned around the exrosed srinal cord and maintained at
37+/-1 C. The Léy L7 and 81 ventral roots on both sides
were dissected and sectioned close to the srinsl cord.
The Peripherél rortions of these nerves were rlaced wuron
birolar electrodes. Frior to stimulations these dods were
fixed in rosition with clames anchoring the lumbar
vertebra (L1}, the iliumy the femur and the distal tibias.
Contraction of hind limbd muscles was broudght about by
ventral root stimulation (1-2 Vy .1 msec durations 30-350
Hzy for 45-150 seconds).

Rarorecertor mediated braducardia was broudght about
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by a8 sindle rressor dose of shenylerhrine (8-10 mg/ldy
bolus indections di.ve)e The interaction betweern somatic
afferent activation and rhenwlerhrine~induced braducasrdia
was noted in grour IIy III and IV animals,

Grour I (Dods: A-E) In this dgrour of alrha chloralose
anesthetized animals the cardiovascular resronses to
sciatic nerve stimulation were monitored before and after
pilateral cervical vadgotomy. Blood sressure and heart
rate were also recorded srior to and following bilateral
lesion rlacement in the lumbar (L1-L2) srinal cord in
these dods (site of lesion rlacement outlined in fidgure
21% see results),

Grour II (Dods: F-0) In this subdgrour three animals were
anesthetized with rentobarbital and seven with alrha
chloralose. The cardiovascular resronses to sciatic nerve
stimulations as well as somatic afferent-rarassumerathetic
interactions (ie. rerirheral nerve stiﬁulatimn during
rhenwlerhrine—induced bradycsrdia) were monitored before
ard after lumbar srinal cord lesion slacement. ()
lesions rreceded DLF sectionind in these dodgs.

Grour III (Dodst: P-T) Two of these dodgs were anesthetized
with rentobarbital and three with chloralose. The
rrotocal followed in this dgrour was identical to that
outlined above for grour II excert that DLF rreceded NLS
section 1inm  these animals, Figure one illustrates the

order and location of lesion rlacement in drours Iy II and



ITI. The actusl site of lesion rlacement is outlined in
results section figures 21 and 22,

Grour IV (Dods?! U-Z) The blood rressure and heart rate
resronses  to isometric contraction of the hind limbs were
monitored with and without simultaneous vascular occlusion
(external iliscs and inferior vena cava) in these alrha
chloralose anesthetized animals. Tao test the relative

3

contribution of rarasymrathetic withdrawal i1in these
cardiovascular resronses the cervical vadus nerves were
cold blocked. This coolind was brought about by rlacing
the nerves 1nn notches fashioned in silver rlated birass
rods which made contact with 28 cold slate. The

temrerature at the nerve rod interface was monitored with

a thermister and maintained a8t 1-4 C during blocking

Frocedures., Vadgal resronsiveness was tested befores
during ard after cold block with rressor doses of
shenvlerhrine. In all exreriments rerorteds the nerve

bhlock was reversed by slow rewsrming to 37 C., The heart
rate resronse to muscle contraction was also momitored
during #henglerhrine~induced braducardisa (vadus
temreraturey 37 C). All of the blood erressure and heart
rate resronses to wventral root stimulation outlined in
this raradrarh were monitored before and after L2-L3
legion rlacement (see fidures 21 and 22). In doss Uy V
arnd Wy DLS lesions rreceded DLF sectionind. Conversely in

dodgs Xy Y and Z the order of srinasl cord sectionindg was
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FIGURE 1
SCHEMATIC REPRESENTATION OF LESION PLACEMENT

IN GROUPS I-III

Caudal . DLS Lesions in animals:A—J Caudal DLF Lesions inanimals:K-T-

DLS section first inGrouplidogs DLF section firstin Group i dogs
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FIGURE 1

LEGEND

Disdramatic rerresentation of the order and locastion
of srinal cord lesion rlacement in the lumbar srinal cord
of anesthetized dogs. The resrective sections were
serarated by areroximately one srinal sedment to
fascilitate +the histological verification of DLS and DLF
lesions seraratelw.



FIGURE 2
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FIGURE 2
LEGEND

Schematic rerresentation of acute exreriments in
which the central rathwaws for somato-autonomic reflexes
in anesthetized dogs were determinmed, In drours I-1II1I
somatic afferent activation was broudght asbout by
electrical stimulation of the sciatic nmnerves (bilaterallwy)
which include musculary cutasneous and articulsr afferent
fibers, In drousr IVy bilateral stimulation of L&y L7 and
81 wventral roots a8t 30-30 Hz elicits tetsnic contraction
of the hind limbs. This "exercise" brindgs sbout increased
activity in srimarily muscle afferenmts. The reflex
cardiovascular alterations to somatic afferent stimulation
were tested before and after serinal cord lesion rlacement
i the DLF amd/or DLS a8t L2 (drours I-III) or L3 (drour
vy, These lesions are above the level of entry of hind
limbh afferents and do mnot interfere with descending
autonomic outrut.
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reversed.,

The cardiovascular TesSFONSes to sciatic nerve
gstimulation (Grours I-I11I) and muscle contraction (Grous
IV) before and after srinal cord lesions were monitored
and comrared using the students unraired T-test, P values
of less than .03 were taken to indicate statistically
significant differences,. The resronses to sciatic nerve
stimulation with varied anesthetic adentsy or in
vagotomized vs., non-vadgotomized animals were also comrared
and tested for statistical sidnificance with the students
unraired T-test. Adain P values of less than .05 were
taken to indicate significant differences.

Im fidgure 2 the dgemneral exrerimental desidgn for acute
eqdreriments (amimals A to Z) is outlimed., The ascendind
rathwaws rictured in this fidgure arrear unilaterasl in the
interest of clarituys howeversy these sustems ascend
bilaterally in the srinal cord. Additionallyy &2ll
stimulations (ed, sciatic nerves or ventral roots) and
srinal cord lesions were bhilateral,

R. Chronic Study?

Cardiovascular rarameters were monitored in dods in
the conscious state before and after rlacing lesions in
the srinal cord., These srinal sections (rlaced at L2 see
resultsy fidgure 23) were aimed at interrusting the
gscending limb of the somato-autoromic reflems localized‘

in acute exreriments (Sectiorn III A)., Blood rressure and
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heart rate were monitored in these animals st resty in
resronse  to bilateral carotid artery occlusion (RBCO)r and
at wvarious levels of exercise with and without tranmsient
himd  limbd ischemia. In each animal the averade 48 howur
heart rate (takern from EKG tracings monitored every thirty
minutes for 30 second intervals with a8 Holter counter) was
recorded three timess 1) rrior to initial instrumentations
2) at least one week after instrumentation and 3) 7-14
dauys after srinal cord lesion rlacement.

Twenty mondgrel dodgs randing in weisght from 13.5-28 K«
were used in this stude. These animals were trained dailwu
to run on 2 treadmill on 311 four legs and on hind leds
only (front leds surrorted by a3 shelf), After this
training reriod (arrroximatels 4 weeks), the animals were
anesthetized (sodium rentobarbitals 30 ma/kdgy i.v.) and
instrumented wusing sterile surdical technicues. This
instrumentation comnsisted of cannulation of the axillary
or internal Jdudular vein and the arch of the aorta via the
omocervical artery with indwelling catheters., The common
carotid arteries were isolated and fitted with sneumatic
occluders which were used to elicit BCO’s., In 10 animals
the left externsl idlisc artery was isolated ang fitted
with & rFneumstic occluder, The catheters and tubind
leading to the occluders were advanced subcutaneously to
the back of the nechk and externalized to facilitate their

use in the unanesthetized animal. All wounds were closeds
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and the dods were maintained on rFrocain renicillin
(200000 units/dawy 1.m.) for a8 minimum of two weeks.

Iuring the first week (rost instrumentation) blood
Frressure and heart rate at rests in resronse to BCO and
external iliac artery occlusion (in 10 animals) were
monitored dailw, Eidht to ten daws after instrumentation
these cardiovascular rarameters were recorded at rest (in
response to BCO and iliac artery occlusion) and during
hind limb running a3t 2y 4y a3nd 6 Km/hr. (5 min. 3t each
sreedsy OX gSrade) and running on 311 fours at 2y 4y 6r and
8 Km/bhre (3 min, at each sreed both 0%Z and 10X drades).
In animals fitted with left extermsal iliac occludersy the
cardiovascular resronses to exercise were monitored at all
levels with and without transient (80-150 seconds)
interrustion of blood flow through this arterw. Fre-
exercise resting heart rates were recorded while the
animals stood on the treadmill. Exercise was not
initisted wntil this heart rate was within 15X of the 48
hour control rate recorded in that dodg. Each animal was
run nine times rrior to lesion rlacementy three times on
hind leds onlyy three times on 3ll fours a3t 0X and three
times onn 811 fours a3t a 10X drade. These dodgs were not
run more  than once 3 dawy and the three run averade for
each animal was tshken as the control (N=1) cardiovascular
resronse to exercise and/or exercise-ischemis.

Following this control reriody the animals were adain



43
anesthetized (sodium rentobarbitaly 30 mg/Kdgy 1.v.) for
making srinal lesions under sterile conditions. In this
rrocedure a8 rartial laminectomy was rerformed at the L2
level. The right or left sciastic nerve was then isolated
unilaterally and stimuylated (15 Vs 100 HZy 1 msec
durationy for 25 seconds). The blood rressure and heart
rate resronses  to  this activations as well as the
interaction between somatic sfferent stimulation andg
#henglerhrine-induced braducardia were noted. Rilstersl
lesions were then rlaced in the DLF and DOLS area. These
srinal sections were considered comrlete when the blood
sressure  and heart rate resronses to unilateral scistic
nerve stimulation were reduced by 70%Z or more. After a 2-
3 week recoverw reriodr cardiovasculsr rarameters were
adain monitored a3t resty in resronse to RCOy and at
various levels of exercise with and without simultaneous
hind limb ischemia. As inm the control reriodr nine runs
were taken as the rost lesion (N=3) cardiovascular
resronse to exercise and/or exercise iliac occlusion.
Blood rressures and heart rates a3t rest and during
exercise (without occlusion) were subdected to statistical
arnnaluysis (a8nnalusis of wvariancesr 1e., ANOVA) ., If this
test indicated a significant difference (rZ.05) between
these cardiovascular variasbles 38t various levels of
exertion the students raired T-test was rerformed

(comsaring the blood sressure and heart rate resronses to
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succesive levels of exercise with and without simultaneous
iliac occlusion a8nd comraring rre-lesion to rost-lesion
resronNses) . Once adainy # values of less than .05 were
taken to indicate statistically sidnificant differernces
L1571,

To insure that the initial lesions had interrurted
the ascending limb of the somato-autoromic reflexesy
animals were re-anesthetized 4-6 weeks after lesion
rlacement . At this time the cardiovascular resronses to
bilateral sciatic nerve stimulation as well as somatic
afferent—-barorecertor interactions (see Section III A)
were monitored. Following this efrocedure the emxternal
ilisc and/or common carotid arteries were checked for
constriction by the occluders, The animals were then
sacrificed and the seinal cord (L1-L3) was removed and
#laced in 10Z buffered formalin solution. The extent of
each lesion was histolodgically verified and Plotted using
a8 leitz orthorlan drawing asttachment in both chronic and

acuute studies (see results fidures 21y 22 and 23).



CHAFTER IV

RESULTS

A Acute Study

Thege wreriments were carried out to localize the
ascending srinal rathwaws which mediate somato-—-autonomic
reflexes in dods . Information dgained from this
rreraration will then be used in the investidation into
the functionasl significance of such reflexes in conscious
animals.

In chronic srerarations (next section) all surdical
Frocedures are rerformed during sodium rentobarbital
anesthesia. While this adent derresses autonomic activitw
acutelwy [1371, it is preferred to other amesthetics (ed.
alrha chloralose) in that functional neurological recovery
is more or less comrlete after 2-4 daws, Imrortantlsy the

comrleteness of lesion rlacement i chronmic rrerarations

will he cornfirmed (next section) by comraring the
cardiovascular resronse to sciatic nerve stimulation
hefore and after spinal section. For this reason the

blood rressure and heart rate reseronses to such somatic
afferent sctivation were noted with different anesthetics.

Figure three dericts blood sressure and heart rate at

45
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rest and i resrFonse to bilateral sciatic nerve
stimulastion in dods anesthetized with alrha chlorslose or
rentobarbital. The effect of vadotomy uronm these variables
is also disrlaved. It should be noted that the resting
blood rressures and heart rates were sidnificantly dreater
(r,05) in rentobarhital asnesthetized or vadgotomized dods
tharm i chloralose anesthetized animals. Vadotoms as8lso
resulted in 8 sidgnificant (#7,05) increase in the
tachucardia following somatic afferent activation. There
was also a sidnificant reduction in the blood rressure
resronse  to sciatic nerve stimulation whenm animals were
subdected to rentobarbital anesthesia (< .05). Howevers
since these differences were aeuantitative and not
cualitative the cardiovascular resronses to somatic
afferent activation were rooled in these exreriments.

In fidgure fours the blood sressure and heart rate
resronses to bilateral scistic merve stimulation (Stim)
and bilateral carotid artery occlusion (RCO) are disrlawed
before and after DLS lesion wlacement a8t L2, The

cardiovascular resronses to BRCO were unaltered bw this

srinal section (eressor resronse 407y tachucardia 22%y
rre—~lesiont 37% and 204 rost lesiony resrectivelw) .

Converselysy LS sectioning eliminated the resronse to
sciatic nerve stimulation (sressor respronse 25%y heart

rate inmcrement 14%Zy rre-~lesions 2% and 00X rost lesion
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FIGURE 3

EFFECTS OF ALTERED ANESTHETICS AND VAGOTOMY

UFON CARDIOVASCULAR RESPONSIVENESS
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FIGURE 3
LEGEND

Mean blood rressure in mm Hg and heart rate in heats
rer minute a3t rest (R) and during bilateral sciatic nerve
stimulation (Stim). In ranel a1 these rarameters are
disrlaved for rentobarbital anesthetized dods (N=S5). ats
from chloralose anesthetized anmimals with intasct (bly
N=15) and sectioned (clr» N=3) vadus nerves are rresented.
Bargs indicate standard error of the mean. Resting values
for blood rressure and heart rate in ranels a1 and ¢l were
comrared with (R) values from ranel bl (sl w05y
X).Alterations in these cardiovascular rarameters during
stimulation in rarnels 81 sasrd ¢l were a3lso comrared to
(Stim) resronses in ranel bl (&< 03 +).



FIGURE 4
CARINIOVASCULAR RESPONSIVENESS BEFORE AND

AFTER DLS LESIONS

Control . DLS

|

R Stim

Blood Pressure (mmHg) & Heart Rate(BPM)




FIGURE 4
LEGEND

Cardiovascular rarameters monitored in drour I1 dodgs
at rests in resronse to hilateral sciatic nerve
stimulation (Stim) and during bilateral carotid occlusion
(BCO)Y. Solid bars indicate blood rressure angd strired bars
rerreserit heart rates,. Lines indicate standard errors.
Blood rressure and heart rate at rest (R) were comrared
with (Stim) and (RCO) values before (Control) and after
(IS srinal cord lesion rlacement (&< .03y X 3 p .05y
XX,



resrectivelu).,

Resting heart rates in these anesthetized
rerarations (148 +/~7.9 bheats rer minutes N=20) were
markedly dreater than resting heart rates in conscious
animals (48 hr. average 93 +/- 9.4 bremi N=20), This
observation mas be exrlained by the vadgolsgtic sctions of
the anesthetics wused in this studw. It should 38lso be
Frointed out that the cardiovascular resronses to sciatic
rnerve stimulation in vadgotomized animals (Fig. 3) are also
eliminated following bilateral LS lesions. In order to
investidate the interaction betuween somatic asfferent
activation and the rarasumrathetic nervous sustem in this
rrerarationr vadaslly mediated heart rate reductions were
induced., Fhengslerhrine (8-10 mga/kgy i.v.) caused a8 57.1
t/- 7.8 mm Hg increase in mean arterial blood rressure and
8 S53.7 +/- 6.2 beats rer minute (BFM) decrease in heart
rate (N=20). This braducardia is barorecertor mediated
and is not eresent in vadotomized dods (Grour I). In
other exreriments rerorted hereins (Grour IV)y it has been
demonstrated that rhenglerhrine-induced heart rate
reductions are reversibly blocked by vadal coolindg.

Im fidure five the interaction between rhenglerhrine-
induced braducardia (FHE) and surramaximal sciatic mnerve
stimulation (8tim) are dericted before and after srinal
cord lesion rlacement. Somatic afferent activation was

induced at the nadir of this braducardia (10-20 seconds



after a bholus indection of shenglerhrines i.v.) and
resulted in 8 224+/-4.9%Z return to resting heart rate after
tern seconds of stimulation. Uron termination of the
stimulation the traducardia returned (Fost is not
significantly different from FPre)., Sectioning of the [OLS
in these animals had no effect wuron the interaction
hetween somatic afferent stimﬁlation and barorecertor-—
induced braducardia (Fig. 5-DLS). Howeversr when the srinal
lesions were extended laterally to the dentate lidament
(sectioning the DLF) +this interaction was wvirtuallu
eliminated (Fig. 3-DLS and DLF).

These observations may be interrreted a3s evidence for
serarate ascending srinal rathwags mediating somato-
sumrathetic and somato-rarasumrathetic reflexes in the
dod, To test this huyrothesis a second drour of animals
were subdected to similar exrerimental rrocedures with DLF
sectioning rreceding DLS lesion rlacement (see methodsy
Grour I1I). ERlood esressure and heart rste resronses to
shenylerhrine administration in these dods were similar to
those described in Grour II (Fid, S)., Additionallu,
simultaneous seciatic nerve stimulation resulted in an 87%
t+-6.3% return to ePre-drud heart rate (see Fig 6).
Bilateral lesion of the dorsolateral fumiculus did not
significantly (rr ,05) alter the interaction between this
tarorecertor-mediated braducardia and somatic afferent

stimaulation. In facty only combined lesion of both the
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FIGURE 5
LEGEND

Heart rates are rresented a3s means +/~ SE a3t rest and
during rhenglerhrine-induced bradycardia (PHE). In the
intact animal (CONTROL.) surramaxkimal sciatic nerve
stimulatiorn (Stim) interrurts this harorecertor-mediated
heart rate reduction. Heart rates immediately srecedindg
*Fre* and following “"Fost® sciatic nerve stimulation
during rhenglesrnrine—induced braduycardia are mot
significantly different. The effect of srinal lesions
rlaced inm the LS or in both the LS and DBLFy uron
bharorecertor-somatic afferent interaction are also shown.
[lata takern from drour II dods (N=10), The students
unraired T-test was used to comrare (Pre) vs. (Stim) (»g
+O01 %XX%XX) and (R) vs, (Stim) (&< .01 +4).
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FIGURE 6
LEGEND

Interaction between sciatic nerve stimulation and
rhenglerhrine-~induced braducardia (Abbreviations same as

Fidure 3). The data rresented in this drarh was taken
from Grour III animals (N=3), *Pre" and "Fost®* heart
rates are not sidnificanmtly different in control or
lesioned dods, The interaction between barorecertor-

mediated bradycardia and high intensity somatic afferent
stimulation is unchanded by OLF  lesion (s> L,035) and
eliminated oY combined LS and DLF sectionindg.
Statistical comrarisions (unraired T-tests) were made
betweern (Fre) and (Stim) (& 001 XX%X%) and between (R) and
(Stim) (< .01 ++).
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FIGURE 7
LEGEND
Mearn blood rressure (solid bars) and heart rate
(strired bars) +/- GSE a8t rest (R) y in resronse to
hilateral carotid occlusion (RCO) and sciatic nerve

stimulation (Stim). The studerts unraired T test was used
to comraire (R) vs.(BCO)y and (R) vs. (Stim) in these
exreriments (e 405 X ¢ &< .01 XX%X), Rilateral lesions of
the dorsolateral funiculus (DLF) sreceded dorsolateral
sulcus area (DLS) sectioning in these dods (see methods
drour I11).
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BLS and DLF were effective in interrurting this interrlay.
It must be concluded that the ascending srinal sustems
which mediate this somato-rarasumrathetic reflex are more
diffuse than the rathuway described in the cat srinal cord,
In fidure sevens the blood rressure and heart rate
resronses to bilatersl scistic nerve stimulation and RCO
are shown before and after ILF a3nd combined DLF and DLS
seinal lesions. Section of the DLF (bilaterallwy) was not
effective in alterindg the blood rressure or heart rate
resronses to RCO or sciatic nerve activation. Howevers
when the lesions are extended to include both the
dorsolateral sulcus area and the dorsolsateral funiculusy
the cardiovascular resronses to electrical activation of
somatic afferents are eliminated. These lesions do not
effect the rressor resronse or tachucasrdia which result
from bilatersal carotid occlusions indicatindg that
descending autonomic systems are intact. The failure of
DLF  sectioning to sidgnificantlw alter the cardiovascular
resronse  to sciatic nerve stimulation in this rreparation
indicates that ascendindg axons destined to interact with
the sumrathetic nervous swstem are 1) not eresent in the
DLF or 2) not rresent in dreat emnoudgh numbers to overcome
the derression brought about by anesthesia and/or
decamethonium,
While electrical activastion of rerirheral afferent

nerves 1is a8 wseful tool in estabhlishing the central
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rathwags of somato-sutonomic reflexesr this means of
stimulation is far from rhuysiolodgical. Since it will be
contended that such reflexes rlayw 2 role in the
cardiovascular resronses to exercise in conscious animals
(next sectionl)s exreriments were desidgned in  which
muscular work could be evoked in znesthetized dods. In
these animals (methods, Grour v cardiovascular
rarameters were monitored during ventral root stimulation
for 45-150 seconds. In fidgure eighty resting (R) 3s well
as reak blood rressure and heart rate durindg muscular
contraction (C) are disrlaved., This "exercise" evoked a
significant rressor resronse (192.84/-2.6 mm Hgs randge 13
to 28 mm H&gy p<.01y N=6) which was not accomranied by &
significant tachvcardia (4,2+-1.9 BFMy rande -1 to 9 BFMs
F»,05s N=6), This cardiovascular resronse to sustained
hind led contraction was not altered bw reversible vadgal
blockade (17.14+/-2.8 mm Hdgy randge 2 to 25 mm Hg; =<.01y
N=4: 8.3+/-4 EFM rande -4 to 147 p>.05y N=6). However:s
bilateral lesion rlacement in the dorsolateral sulcus area
comrletelys eliminated the Fressor resronse which
accomranies ventral root stimulation (-3.74+/-1.4 mm Hdy
range -1 to -7 mm H).

Vzdal resronsiveness was tested in these exreriments
be monitoring heart rate resronses to pressor doses of
rhenglerherine (8-10 mg/Kdy i.vede PFPrior to cooling this.

drugd caused an  increase in blood seressure which was
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gsimilar to that noted rreviowslwy in Grousr [I and III
animals (39+/-8.2 wmm H«g) and a8 significant braducardia
(535+/-4.9 BFM). During vadal cooling the rressor resronse
to this drug was significantly dgreater (83+/-6.1 mm H4;
417%Z dreater than the rre-cooling resronse) while the
reflex bradugcardia wWwas reduced to 14% of conmtrol (8.4+/-
3.1 EBFM). After slow (45 minutes) rewarming of the vadus
nerves to 37 c the resronse to rhenglerhrine
administration was adain tested and returned to pre-
coolingd levels (blood rressure increases 614/-9,0 mm Hds
heart rate reductionr 52+/-4.7 BFM).
The interaction between induced muscular contraction
(C) and vadally mediated braduycardia was tested in six
animals. This relationshir is disrlased in fidure ¢
alond with the interaction of somatic afferent stimulation
(8) and shenwlerhrine-induced braducardia (rhe) before and
after vadotomy or lumbar srinzl cord lesion rlacement. In
this figure the rercentades indicate heart rates relative
to restindg (bhefore drud administration) values. For
examrley rhenulerhrine alone causes a3 33%Z reduction in
heart rate (1514/-7.3 to 102+/-4.7 BPM} F<.0013 N=26).
This is recorded as 674 of the resting heart rate in
fidure 9. When the sciatic nerves are stimulated (5)
shortly after administration of this drug the heart rate

returns to 92% of the resting values (see figures 5 and



FIGURE 8

CARDIOVASCULAR RESPONSE TO INDUCED
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FIGURE 8
LEGEND

Rlood eressure and heart rate at rest (R) and during
induced hind limb contraction (C) are exrressed as means
+/- 8E (Grour IVy N=6). Sidnificant differences bhetween
blood Fressure or nheart rate a8t rest and durindg
contraction are indicated as followsi(s< 01 %X%X). Restindg
values were 3lso comrared before and after vadal cooling
and/or  seinal sections (< L,01 ++). IILS indicates the
slacement of bhilateral lesions in the dorsolateral sulcus
ared.
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FIGURE 9
SOMATO-FARASYMFATHETIC INTERACTIONS WITH ALTERED VAGAL
RESFONSIVENESSy SFINAL LESIONS AND MEANS OF

SOMATIC AFFERENT ACTIVATION
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FIGURE 9
LEGEND

Fercentades of restind (sre-rhenglerhrine) heart
rates din drour I-IV dods, These animals were intact
*CONTROL.*y wvadotomized via bilateral vadus nerve section
(Grour 1) or vadal cooling (Grour IV)y *VAGOTOMY®*» or had
vagus nerves intact with srinal lesions rlaced in both the
dorsalatersal fumiculus armd the dorsolateral sulcus area
"ILS & ILF", Percentades are exrressed as means +/- SE.
Statistical comrarisons (unraired T—-test) between rre and
C revealed no significant differences in intacts
vadgotomized or lesiorned animals. The students unraired T-
test was also wused to comrare rre and § heart rates in
each drour (& < 01y XX), The number of animals for each
manirylation was as follows. "CONTROL® ! rre = Grours I-
IVy N=265 C = Grour IVy N=67 S = Grours I-IIIs N=207 rost
=  LGrours I-IVs N=26. "UVAGOTOMY* ¢ rpre = Grours I & IV
N=117 €C = Grour IVy N=465 § = Grour Iy N=5§ rost = Grours I
& IVs N=11, LS & DLF® ¢! pre = Grours II-IVy N=215 C =
Grour IVy N=67 S = Grour II & IIly N=15F rost = Grours II-
IVy N=21,
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FIGURE 10
BLOOD FPRESSURE DURING INDUCED CONTRACTIONS WITH AND

WITHOUT SIMULTANEQUS VASCULAR OCCLUSION: EFFECT

OF DLS OR COMBINED DLS-DLF LESION PLACEMENT
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FIGURE 10
LEGEND

Mean bDlood rressure in intact (N=6)y LS sectioned
(N=3) and combined DILS a8nd [OLF (N=6) lesioned dods in
resronse  to induced hind limdb contraction (Grour IV). In
ranels 381 and ¢l arrows indicate the initiation (on) and
termination (off) of ventral root stimulation. In ranel ¢l
bilateral extermal iliac artery and inferior vena cava
occlusion rreceded induced contraction by 8 seconds and
was maintasined for 105 seconds. In ranels bl and dl blood
Fressures are exrressed as means +/- SE at rest (R) and at
the reak resronse to contraction (C)ry which occured after
45 to 150 seconds of ventral root stimulation. Values for
(RY and (C) were comrared in these ranels and the
differences are indicated as follows! (s .05y X 7 F< .01y
Xk 5 =< 001y XXX),
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FIGURE 11
BLOOD FRESSURE DURING INDUCEDR CONTRACTIONS WITH AND
WITHOUT SIMULTANEOUS VASCULAR OCCLUSION: EFFECT

OF DLF OR COMBINED DLF-DLS LESION PLACEMENT
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FIGURE 11

LEGEND
Mean blood rFressure in intact (N=6)s DLF sectioned
(N=3) and combined INLF and DLS (N=6) lesioned dods in

resronse  to induced hind limb contraction (Grous IV).,
Statistical comrarisons and abbreviastions as in Fidure 10,
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6).  Converselwr when muscular contraction (€) was induced
during barorecertor mediasted bradycardias there was no
significant chande in heart rate (96+/-5.2 to 103+/-4.8
BFMy Fidg. @ (Fre) 67Zy (C)=72%4F #>.03). Vadal coolindg as
described abover or vadotomy (methods dgrour 1) eliminated
the reflex Dbraducardia brought sbout by rhenglerhrine.
Finallgys the effect of combined DLS and DLF lesions uron
thegse somatic afferent-barorecertor interactions were
noted (Fidure ?» far right).

In fidgures 10 and 11 the blood rressure alterations

which accomrany sustained hind leg contractiorn are
disrlaved with and without simultaneous vascular
occlusion, In ranels al and ¢l the time course of this
ressor  resronse  was followed., In these exreriments

ventral root stimulation was maintained for 52 seconds and
terminated (off)y whether or not the blood rressure had
stablized. In ranels bl and dl mean blood rressures
during induced contraction (C) rerresent the maximal
resronses to ‘exercise® (stimulus maintained for 45-150
seconds) in these asnimals.

Returning to fisure 10 ranels al and cly each roint
rerresents the mean blood rressure for a3ll animals beforer
during (hetween arrows) and after verntral root
stimulation. In ranel cl blood flow throudgh the external
iliac arteries and the inferior vena cava (occlusion)

rreceded contraction by 8 secondssy and was maintsined for
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45 seconds after the termination of "exercise®*, Standard
error brackets were not included in ranels al and cl in
the interest of clarity. Blood pressure was monitored
during ventral root stimulation with and without vascular
occlusion 1in wunlesioned animals (INTACTs N=6)s following
LS section at L3 (ILSy N=3) and after combhined lesions
(DLS and DLF» N=6). LS  sectioning in  these ‘doﬁs
comrletely eliminated +the rressor resronse to sustained
contraction imn the absence of vascular occlusion (ranel
blr R vse €7 p>.05), While this lesion did not comrletely
eliminate the rFressor resronse to exercise-occlusion
(ranel cly DLS vs. DLF and DLSS =<.05! panel dls DLS-R vs.
Cy F2,03)y DILS sectioning sidnificantly reduced this blood
rressure elevation (ramel clry intact vs. DLSF #.085).
Interestinglyy only combined lesions of the dorsolateral
funiculus and dorsolateral sulcus area comrletely
eliminated the rressor resronse to exercise-—-occlusion
(ranel dly LS and DLF-R vs. C} r>.05),

One fimal roint which is aeearent wuron close
observation of ramnel ¢33 in fidure 10 is the significant
reduction in blood rressure with the termination of
contraction desrite maintained occlusion. Srecificaslluy
blood rressure drors from 140+4/-3.1 mm Hg Just prior to
the release of stimulation to 1334+/-2.7 mm Hg after
stimulus termination (#<,05). However, arterial rressure

remains significantly asbove resting levels (ranel cly
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roints to the ridght of (on)) wuntil occlusion is released.,
In three animals the order of lesion rlacement was
reversed (ie, [DLF Preceaed IILS sectioning, see fidure 11),
In these dodgs section of the dorsolateral funiculus
resulted inm 8 small but sidnificent reduction in the
Fressor resronse to hind limb contraction with and without
simultaneous occlusion (intact vs, DLFf »+,08),

Comrarison of the blood rressure resronses to ventral
root stimulation in snimals with DLS lesion onlw (Fidure
10y N=3) and DILF lesion onlwy (fidure 11y N=3) should also
be carried out. Such comrarison revesls that the rressor
resronse to ‘exercise” in nLs sectioned animals
(contraction onlyr 5.24/-5.5 mmHd? #r>.05¢ contraction
occlusiony 11.8+4+/-3.9 mm Hg; pL.05) is sidnificantly less
tharn that observed in dods with 1lesion of the ILF
exclusively (contraction onlws 15.14/-4.1 mm Hgé¥ »<.05¢
contraction-occlusiony 17.84+/~-3.45 P<.01). This mayw
indicate that the ascendingd sdvstems which mediate the
cardiovascular resronses to exercise are more concentrated
in the dorsolateral sulcus areas but thes do extend
laterally into the dorsolateral funiculus.

B. Chronic Study

Resting heart rates in conscious dods were samrled
every 30 minutes for 48 hoursy three times in each animal

(see methods). These control rulse rates were: 1) 91+/-

6.5 EBPM} rande 38+/-7.4 to 144+/-8.5 BPM (N=12)y erior to
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instrumentationy 2) 88+/-5.7 RFM’ rande 394+/-6.8 to 147+/-
2.1 BFM one week rost—instrumentation (N=12) and 3) 84+/-
6.1 EBFM} rande 42+/-5.8 +to 141+/-8.1 BPMy 7 to 14 daus
after srinal cord lesion rlacement (N=12), The larde
variabilite in these 48 hour heart rates (note the mean
randes above) was most likelw derendent uron zltered
internal (ed. sleer vs. slertness) and external (rresence
or absence of other animals or reorle in the vicinity)
cues,

Eight to ten dags after instrumentations both heart
rate and blood rressure were monitored continuouslw for 1-
2 hour reriods with the animal on the treadmill. The
initial resting heart rate in these animals was 123+/-6.8
BPMy or 40X above the 48 hour value. After 30 to 120
minutesy the restind rulse rate returned to within 15% of
this control reading (ie. 88+/-13 BPM). Over the same
time course blood pressure declined from 115+/-4.2 to
107+/-3+.1 mm H&, EBilatersal carotid arterial occlusion in
these dodgs resulted in an increase in arterial eressure
(from 107+/-3.1 to 155+/-53,3 mmHd) and heart rate (from
?9+/-4.7 to 127+/-6.1 bepms N=12), Occlusion of the left
externsal ilisc artery for two minutes did not
sidnificantly alter these cardiovascular rarameters at
rest (1074/-3.5 to 1094+/-3.8 mm Hdy and ?28+/-6.4 to 101+/-
9.8 bemi r>.05¢ N=6).

Rlood rressure and heart rate was monitored at rest,
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in resronse to RCO a8nd ilisc arterial occlusion (as

outlined above) everwy day for 9 to 195 davws erior to and

during treadmill exercise, After recording these
variables in the intact sreparsations animals were
anesthetized and lesions were slaced at L1-L2,. The

effectiveness of these srinal sections was confirmed by
testing? 1) the Fressor resronse and tachucardia
accomranging  right or left sciatic merve stimulation and
2) the interaction between sciatic nerve stimulation and
rhenslerherine~induced bradycardia. This rre-lesiony
unilateral stimulation (25 second trainsy 15 vr 1 msec
duration) resulted in increments of blood sressure (from
1274+/~-6.3 to 151+/-7.1 mm Hgy »<.001) and heart rate (from
1624/-4,8 to 173+/-5.9 brm# {05y N=12). This
stimulation also caused a8 S51Z reduction in the reflex
bradwcardia brought about by rhenvlerhrine administration.
Rilateral lesions (Fidg. 23) resulted in a3 sidnificant
reduction in the rFressor resronse (from 1244/-6.1 to
131+/-5.2 mm Hdy a8 71Z reduction in the blood rressure
increment) and the tachuycardia (from 158+/-7.1 to 1614/~
2.3y a8 73%4 reduction in the heart rate increment)
following sciatic nerve stimulation. These lesions also
interrurted the interaction between rhenylerhrine-induced
heart rate reduction and sciatic nerve activation
(stimulation casuse a8 15% return to rre-drudg rulse rate

after lesion rlacement). At the time immediately
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rrecedindg sacrificer these animals were adain anesthetirzed
and the functional effectiverness of the lesions Were
verified, Blood rressure and heart rate resronses to
pilateral scistic merve stimulation at this time were 89X
and B&X below rre-lesion resronses to wunilatersal
stimulationy resrectivelw, In three animalsy unilatersl
stimulation of the sciatic nerve during lesion rlacement
resulted ir temrorary rerirheral nerve damadey as
indicsted by wunilsteral dror foot which lasted for 3-5
weeks. These animals were not run wuntil this sumrtom
disarreared,

In eight animals (Fid. 23y dodgs 13-20) the srinal
damade was s“tensive and resulted in rermanent hind limbd
Faralusis. These dodgs were sacrificed after two to three
weeks of recording the cardiovascular resronses to ECO
(N=8) and common iliac artery occlusion (N=4). These
resronses were not sidnificantly different from those
obtained inm the same animals rrior to srinal sectioning.
In facty the blood rressure and heart rate at rest and in
resronse to BCO and ilisc occulsion (without exercise)
were unaltered by serinal lesions in 311 animals tested

(Fidg., 23y dods 1-20).

In fidures 12-18 the cardiovascular rarameters
monitored during treadmill running are disrlaved.

Tramsient idilisc artery occlusion a8t various levels of

2mercise are indicasted by the treadmill sreed (in
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FIGURE 12

RLOOD PRESSURE DURING TREADMILL RUNNING

(ALL FOURS 10X GRADE)
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FIGURE 12
LEGEND
Mearn blood sressure +/- SE in conscious dods at rest
(R)» during wvarious levels of exercise (10%Z drade)sr andg
10 minutes rost exercise (F) before and after srinal cord
lesion elacement. Numbers on the abscissa indicate the

treadmill sreed in kilometers rer hour. Pre sand rost
lesion runs without arterial occlusion are indicated bw
50lid bars (N=12), Strired bars rerresent the blood
Fressure in these animals during eqercise with
simyltaneous idilisc asrtery occlusion (*i"y N=6). Rlood
rressures at Ry 2y 4y 6y angd 8 (without occlusion) were
subdected to statistical analusis (ANOVA)Y and found to be
sigdnificantly asltered by exercise (#1,05), The raired T-
test was then used to comrare the cardiovascular resronses
to succesive levels of exercise (ie R vs., 2y 2 vs, 4vetc.?
=4 w05e+) a8nd such resronses with and without simultaneous
geclusion (ie. 2 vs.e 2iy 4 vs, 4ir ect.! < 03y X§ p<
+01ly  X%X3 P2 001y XXX), Rlood pressure at each level was
further comrared before and after srinal sectioning (ie.
(R) rFre vs. (R) rosty 2 rre vs, 2 rosty 2i rre vs. 2i
rosty ete.t =< 05y 0 =Y ,01y 00OF PL.001y 00O).
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FIGURE 13

HEART RATE DURING TREADMILL RUNNING

(ALL FOURS 10X GRADE)
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FIGURE 13

LEGENL
Mean heart rates +/~ SE which accomrang the blood
rressure  resronses to treadmill exercise outlined in the

rrevious fidure, Statistical comrarisons and abbreviations
as in fidure 12.
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FIGURE 14

BLOOD FRESSURE DURING TREADMILL RUNNING
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FIGURE 14

LEGEND

Mean blood rFressure +/- SE in conscious dods at rest
(R) and during treadmill running (0% drade) at various
sreeds before and after srinal cord lesion rlacement.
Statistical comrarisons and abbreviastions as in fidgure 12.



FIGURE 15
ALL FOURS .0%GRADE

HEART RATE DURING TREADMILL RUNNING
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FIGURE 15
LEGEND

Mean theart rates +/- SE which accomrany the blood
Fressure  resronses to treadmill rurnning on all fours at a
0% drade (see fidure 14), Statisticasl comrarisons and
abbreviations as in fidure 12,



BLOOD PRESSURE

FIGURE 16
BLOOD FRESSURE DURING TREADMILL RUNNING

(HIND LIMBS ONLY 0% GRALDE)

HIND LEGS ONLY 0% GRADE

160 = ook |
- Pre Lesion §
**L §

140 ~ § §
] \ \

¢ SN

120 4 N N N
1\ N A

\ N \

- \ \ N

\ \ \

\ N \

N NI R
1 \ N

R 2 2i 4 4i 6 6i

140 Post Lesion

L
Q

+
) k//////,—o
PPPP 0P
o /sl 77777’

N
n
I
&
o

120 000

r

-y

100 - l
R




FIGURE 16
LEGEND

Mearn blood epressure +/~ 8E in conscious dods at rest
(RY and during treadmill running (hind  leds onlys 0%
grade) a8t various sreeds before and after seinal cord
lesion rlacement. Statistical comearisons and
abbreviations as in fidure 12.
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FIGURE 17
HEART RATE DURING TREADMILL RUNNING

(HIND LEGS ONLY 0% GRADE)
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FIGURE 17

LEGEND
Meann heart rates +/- §SE which accomranw the blood
rressure resronses to treadmill running on & O0Z drade with

hind leds only (see fidure 16). Statistical comrarisions
and abbreviations as in fidure 12.
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RLOOD FRESSURE DURING EXERCISE
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FIGURE 18
LEGEND

Tern second intervals of roludrarh tracindgs taken
during one continuous run in dosg number 10 (see methods
andg fidure 23, The maximum blood rressure attained at
each level of exercise with and without simultaneous iliac
arterial occlusion in this dod is diseplaved. Vertical
calibrations indicate time (2 second intervals).
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kilometers rer hour) followed by the letter i, Treadmill
sreed alone imrlies running without simultameous occlusion
in these fidures.,

In fidure 12 the blood rressure resronses to
treadmill running with and without simultaneous hind limb
ischemia are rresented for the same animals before and
after DLF and OLS lesion rlacement. The rressor resronse
which accomranies this MOderate (10% drader 2-8 km/hour)
exercise was unaltered by such srinal sections, Howevers
the additional blood rressure increment that occurs during

“termal idlisc artery occlusion was reduced by these
lesions. Srecificallyy iliac occlusion resulted in
significant FrFressor resronses 38t a3ll treadmill sreeds
srior to (rre-lesion! 2 vs. 2iry 4vs, 4iy 6 vs., 61 and 8
v, 8isd r#<,05) but not after interrustion of the DLS and
nLFE  at L2 (rost lesion?! 2 vs, 2i and 4 vs, 4is »2>.05). At
6 and 8 kilometers rer hHour (10X drade) the rressor
resronse following ilisc occlusion was unaltered by srinal
cord lesion rlacement. Finallg, in four animals blood
Fressure was monitored during ilisc arterw occlusion 10
minutes after cessation of exercise., This Frocedure did
not elicit 2 sidgnificant rressor resronse (1054+/-4,3 mmHd
to 108+/-5.2 mmHgs &>,05).,

Heart rate was monitored continuously during
treadmill runnindg at a 10X drade and data from these

wreriments 1s  epresented in fidure 13. This level of
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exercise resulted in 3 substantial tachucardiar which was
not altered by combined section of the DLS and DLF at 2y 4
and b KmeZhir, It is also arrarent from careful
observation of this fidure that hind limb ischemia during
running a3t this drade does not sidgnificantlye alter the
Fulse  rate. It seems rossible that sensory information
carable of eliciting heart rate increments during dwsnamics
whole bodyg exercise maw overshadow the afferent inrut from
one ischemic limb at this work load. To test this
herothesisy the effect of exercise-occlusion was tested at
lower levels of whole body exercise (311 fours 00X drade).
Finallgy the relative contribution of afferent information
from the ischemic limb was maximized by observation of the
cardiovascular resronses to erimarily hing limb work. The
blood rpressure resronse to treadmill rumning at a 0% drade
(mild to moderate work load) is rresented in fidure 14.
The FTessor resronse evoked bwe this exercise was
sidnificantly smaller than that elicited by higher worhk
loads (fig. 12)y and was not altered by lumbar srinal cord
lesions. Converselys the blood rressure increments
brought about bw simultaneocus exercise-occlusion were
significantly dreater than observed at 2 104 drade (p<,01)
for each level of exercise. These resronses were markedly
reducedy thoudgh not eliminatedy by section of the DLS and
OLF a3t L2, Interestindlyy the rressor resronse evoked by

hind limb occlusion during wercise a8t a 04 drade was
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maximal at 2 kilometers rer hour (ie. 2-21i=214/-35.1 mm Hsdy
8~8i=27+/-6.3 mm Hgi r>,0%5),

In figure 15 heart rate increments which accomrany
the eressor resronse to treadmill running a3t a 0% grade
are rresented, While the tachucardia that occurs during
such exercise 1is significantly less than observed during
10% runnings there is no sidnificant resronse to exercise
occlusion, Howevery srinal cord lesions did cause 3
marked reduction in the heart rate resronse to non-
ischemic exercise at 4» 6 and 8 kilometers rer hour, The
failure of iliac artery occlusion in eliciting a8 chande in
heart ratey as well as the obhservation that the blood
rressure resronse to exercise-occlusion does not arrear to
be related to the level of exerciser maw still be

wrlained by the sidgnificanmt sensory inrut  from non-

ischemic areass. Such inrut is rresumably reduced when
arnimals run on their hind leds onlw (front leds surrorted
b a8 shelf).

EBlood sressure was monitored comtinuously during hind
limb running in 12 dods before and after lumbar seinal
cord lesion mlacement. The data from these exreriments
are rresented in figure 146, This exercise resulted in
modest elevation in blood rpressures howevers there was no
significant increase in this variable after 2 kilometers
rer hour (ie. 2 vs, 6% »>,09)y and srinal cord lesions did

not 2lter the resronse. Converselwy the arteriasl pressure
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increment  which  occurred during hind limb running with
simultaneous iliac artery occlusion was directly relsted
to the level of exercise in these exreriments, Further:s
lesion erlacement in the DLS and DLF markedlw reduceds but
did rnot eliminate this resronse. In fidure 17 the heart
rate resronse to hind limb running with and without
simultaneous iliac artery occlusion is rresented. This
exercise results in modest tachuwcardia which is not
altered bw sepinal cord lesion rlacement in the DLS and
DLF . Additionallgy simultaneous hind led running and
iliac asrtery occlusion results in significant elevation in
heart rate which is not related to the level of exercise.
Lesion slacement in the lumbar srinal cord of these
animals (fig, 23y animals 1-12) caused 38 small but
sidnificant reduction in this resronse to Hercise-
ischemia.

In figure 18 an amrle of the raw data which was
used to comstruct figures 12-17 is disrlaved, These
roludrarh tracinds were taken during one continuous run
(hind limbs onlyy OX drade) in dod number 10 (see methods
and fidure 23).

As mentioned brieflw abover the blood rressure
resronse  to simultaneous wercise-occlusion is reduceds
but not comrletely eliminated bw lesion rlacement in the
DLF  and DLS a8t L2, In fidures 1?2 and 20 the time course

of the maximal rressor resronse to iliac artery occlusion
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FIGURE 19

LEGEND

Elood rressure  (in  mmHg +/- SE) was monitored
continuously over two minutes during treadmill exercise
(all foursy 0% dradeyr 6 Krh) with simultaneous occlusion
of the left external i1iliac arteru. The so0lid line
rerresents the change in this cardiovascular sarameter in
intact dogs (N=6) while the dotted lime indicates blood
rressure alterations in the same dods after lumbar srinal
corgd lesion slacement. Comrarisons between intact and
rost lesion resronses were rerformed using the students
raired T-test (=<,.05y Xy =2 01y X%XX).
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FIGURE 20
LEGEND
Blood Frressure  (in mmHg +/~- 8SE) was wmonitored

continuously over two minutes during treadmill exercise
(hind less onlwy 0%Z drades 6 Keh) with simultaneous

acclusion of the left external iliac arterwu. This
cardiovascular rarameter was monitored in conscious dods
before (solid line) and after (dotted line) lesion

rlacement in the DLS and DLF at L-2, Comrarisons between
intact and rost lesion resronses were rerformed using the
students raired T-test (#<.05y X =7 .01y %XX).
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during treadmill runming on 811 fours (at a 0X drade) and
frind  limbs onluy resrectivelyr are rfresented, Careful
obhservation of fidure 19 reveals that the sressor resronse
to exercise—~ischemia before lesion rlacement is trishasic.
Srecificallyy there is an initiasaly slow increase in
arterial rFressure during the first minute of occlusions
followed by 8 rarid increase aover the next thirty seconds
and fimallyy a8 levelind off between 20 and 120 seconds.
With more rrolondged ischemia there may be a further
increase in arterial rFrressures howevery occlusion was only
maintained for two minutes in most snimals. After lesion
#lacementy the increase 1in blood rFressure normally
observed over the first minute of exersice-ischemis was
unaltered. Howevers rno further increase in blood rressure
Wwas noted over the next 60 seconds of maintained
occlusion.

The multirhasic nature of the blood rressure resronse
to exercise—ischemiay as a3 function of time was‘also noted
during hind limb onlyg runnings rrior to lesion rlacement
(Fig. 20). Howeversy the rFressor resronse to exercise-
occlusion was dreater with this form of exercise. Unce
adein the interrurtion of ascending sustems thoudght to
mediate somato—-autonomic reflexesy rreferentislly altered
the resronse to rprolonged exercise-ischemia and left the

early rortion of this resronse unchanded,
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FIGURE

DLS SPINAL CORD LESIONS-ACUTE EXPERIMENTS
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FIGURE 21

LEGEND

Cross

sections of
exreriments

cords from acute
in which the actuasl site of lesions simed at
interrurting asscendind sustems 1inm the
(diadonal lines). Sections rerroduced
Orthorlan drawing asttachment.
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LS asre outlined
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FIGURE

DLF SFINAL CORD LESIONS-ACUTE EXFERIMENTS
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FIGURE 22

LEGEND

Cross sections of lumbar srinal cords from acute
exreriments in  which the actual site of lesions aimed at
interrusrting ascending sustems in  the DLF are ocutlirned
{(diasdonal lines). Sections rerroduced as in fig 18.
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FIGURE

LESIONS-CHRONIC EXPERIMENTS

SFINAL CORD
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FIGURE 23

LEGEND

Cross sections of lumbar srinal cords from chronic
exreriments 1in  which the actuasl site of lesiorns aimed at
interrurting ascending sustems. in both the DBLS amd DLF are
outlined (diadgonal strires), Sections rerroduced as in
fidure 18.



CHAFTER V

DISCUSSION

Acute exreriments were rerformed uron anesthetized
dogs (chloralose or rentobarbital) in an effort to
localize the ascending rathwaws which mediate somato-
autonomic reflexes. In this stude somatic afferent
activation wass elicited { 1) by electrical stimulation of
the scistic nerves (bilaterally) or 2) by 38 reflex
originating in the hind limbs in  resronse to induced
tetanic contractions (ventral root stimulation).
Ascending sustems were interrurted by rlacing discrete
lesions in the lumbar srinal cord above the level of entru
of hind limb afferents [81]., The cardiovascular resronses
to bilateral carotid artery occlusion were unaltered by
these srinal sectionsy indicatindg that descending sustems
which influence autonomic outrut L£30:s51,60:941 were left
intact,

Bilatersl stimulation of the sciatic nerves in these
dods resulted in sidnificant increases in blood rFressure
(29.7 +/- 5.1 mmHdg) and heart rate (26.1 +/~ 7.4 brm)
Frior to srinal cord lesion slacement, These data comrare
well with those rerorted bw Tibes [164631y who carried out

105
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exreriments uron  hexobarbital agnesthetized dods, This
investidator monitored altevations in cardiovascular and
resriratory  rarasmeters in  resronse to bilsteral sciastic
nerve activation during cold blockade of various rortions

of these nerves, With low intensityy high frequency
stimulationy Tibes noted significant elevations in heart
rate and mirnute ventilation in the absence of nerve block.
Converselys cold block distal (inhibiting muscular
contraction) or eroximal C(interruyrting afferent fiber
conduction) to the stimulating electrodesy eliminsted

these resronses to low intensitwy stimulation. This author

concluded thet such stimulation broudht about 3 reflex
activation of muscle afferent fibersy mimicinmg the
rhusiolodical resronse to exercise. Whern the sciatic

nerves (rroximal to the stimulation site) were cooled to
4-8 Gy blocking conduction in rFrimarily meelinated fibers
[%23y this reflex was not asltered. Howevery when the
rroximal nerve temrerature reached 1 C» blocking grour III
and IV afferents [521y the cardiovascular and resriratory
resronses to stimulation were lost desrite maintsined
muscular contraction. Finallyy when muscular contraction
was blocked with succinuwlcholine or curarer onlws high
internsity stimulation carable of activatind small,
unmeelinated fibers (87,881 elicited 8 rressor resronse
and tachwcardia.

In the exreriments rerorted hereinr muscle block was
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achieved with decamethonium administration and the sciatic
nerves were stimulated at several times threshold for
grour III and IV fiber activationm [981. The blood
Fressure and heart rate resronses to such stimulation were
comrletely eliminated by DLS section in the lumbar seinal
cord of these animals., The srinal site for the ascending
rortion of this somato-autonomic interaction is comrarable
to the location of fibers mediating somato-sumrathetic
L2831 and somato-rarasumrathetic L[61+641 reflexes in

anesthetized cats.

The atwsolute dedree of central sumrathetic and
rarasymrathetic deprression in these anesthetized
rrerarations is not clear., Howevers restindg (Frre-—

stimulation) heart rates indicate that vadal torne mas be
markedly reduced in these dodgs. This observation is in
adreement with the findinds of Lieb and Mulinas [1061 and
Shafer et al. [1581 who rerorted smaller heart rate
reductions im resronse  to vasgal stimulstion durindg
barbituate anesthesia., Feiss and Manning [137] and others
1213 also noted significant reductions im the
cardiovascular resronses to sciatic nerve stimulation
following intravenous sodium rentobarbital. This findindg
is confirmed in the sresent studs (fidure 3) in which the
Fressor resronse following bilateral sciatic nerve
stimulation is sidnificantly smaller in rentobarbital (30

mg/kg)  tham chloralose (100 mg/kd) anesthetized doss,
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Furthery the observation that bilaterasl cervical vadotomy
does not asttenuate this somato-asutonomic reflex indicates
that rarasumrathetic centers are more rrofoundly derressed
than central sumrathetic asctivitu,. Thereforey simrle
observation of the blood rressure and heart rate
alteration following sciatic nerve stimulastion in these
animals mays rrovide insight into somato-sumrathetic and
not somato-rarasumrathetic reflexes.

In 1972 Quest and Gebber [1421 noted an interaction
between barorecertor inducedsr vadgally mediated braduycardia
and somatic afferent stimulation. Since this time Geis et
al. [61+64] have rresented substantial evidence surrorting
the existance of somato-rarasumrathetic reflexes. These
authors found thast this interaction was mediated bw srinal
rpathways ascending bilaterallw in the DLS in arnesthetized
cats. In the Fresent exreriments rerformed wuron
anesthetized dodgsy the antadonism of rhenwlerhrine-
induced bradycardia by sciatic nerve stimuwlation was still
Fresent following DLS lesion rlacement. When these
tpilateral srinzl sections were extended laterallew to
include the DLFy somatic afferent-rarasumrathetic
interactions were no londer observed. This finding may
indicate that ascending rathwass which mediate somato-
rarasuymrathetic reflexes in the dod are 1) serarate from
the suystems destined to interact with sumrathetic centers

2) more diffuse than ascendingd sumerathetic rathwadws or 3)
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interscting with selectivelw activated (bhy drudg-induced
tblood rressure increment) rarasumerathetic centers,

To test the rossibility that the ascending rathuways
for somato-sumrathetic and somato-rarasumrathetic reflexes
are serarate in the canine srinal cordr, further lesion
studies were desidgned. Since somatic afferent-barorecertor
interactions were eliminated onle after srinal sections
were estended to include the DLFy it was hyrothesized that
fibers ascending in this area may be destined for
rarasumrathetic centersy exclusiveld. Howeversy bilateral
lesion rlascement in this area did rnot alter the blood
Fressure or heart rate resronse to sciatic nerve
stimulation. This imrlies that in this r#rerarations
afferent fibers ascendindg toward rarasumprathetic centers
occury & lardger rortion of the srinasl cord tham those
sustems mediating sumrathetic reflexes.

The lesion studies outlined above do not rrove that
the ascending axons mediating somato-sumrathetic and
somato-rarasumrathetic reflexes follow different srinal
rathwavus, In facty it seems likelw that the same fibers
convewing sensory information from the hind limbs maw be
carable of interacting with centers which modify outrut
from both branches of the autonomic nervous sustem. In
this redardsy the observation that lardger srinal sections
are necessary to interrurt the interaction between

rhenylerthirine-induced braducardia and somatic afferent
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activation maw simelw  imely  that the earasumesthetic
centers are srecifically activated by such baroreflexes.
At  the same time sumrathetic reactivity would be exrected
to decline durind these drud-induced Fressor resronses.
Finallyy the effectiveness of IOLS sections in eliminating
somato-sumrathetic reflexes may reflect derression of
sumrathetic centers [1031 bw  the anesthetics emrloged,
Thereforey it can not be stated that the location of the
ascending lLimb of somato-sumrathetic reflexes in
anesthetired dogs 1is identical to the well characterized
rathwaw mediating such reflexes in cats. In fact, these
studies imrle thast the ascending sustems which mediate
some somato-autonomic reflexes are more diffuse in dods
than in cats.

While electrical activation of rperirheral nerves
elicits sidnificant alterations in autonomic outsuts the
rhysiological sidnificance of such reflexes is unclear.
It is lardelw believed that somatic afferent stimulation
mimics the sensorsy 1inrut to the central nervous system
that occurs during nocicertion and/or exercise. The
nocicertive function of small meelinated and unmueelinated
afferent fibers have been well documented
[4BrP6+97+,102512613, In these studies asltered nerve
activity in  dgrowus III and IV muscle afferents were noted
following close arterial indections of aldesic substances.

Most of the early evidence surrorting the involvement of
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these sensorws fibers in the cardiovascular addustments to
exercise were obtained from human exrerimentation (Charter
ITy section C~1). Due to the non-invasive nature of these
exrerimentsr onlw indirect data were obtasined. However,
recent electrorhysiolodical exreriments (Charter Il
section C-2) have substantisted the involvement of drour
ITI and IV afferent fibérs in cardiovascular reflexes
brought shout by muscular asctivitw,

The most rerroducible means of inducing muscular work
and the blood eressure increments associated with it in
acute asnimal rrerarations was first described by Coote et
als, L[361 in 1971, These authors stimulated L6-51 ventral
roots unilaterally in decerebrate or chloralose
anesthetized cats and noted markedly dreater eressor
resrFonses to induced contraction in the absence of
anesthetic adents. The exreriments rerorted in the
rresent rarer were rerformed uron chloralose anesthetized
dogs. In an effort to maximize the rressor resronse to
sustained contraction in these animalsy L6-51 ventral
roots were stimdlated bilaterally. In this redards
Mitchell and others C119,128y130,147,1531 have
demonstrated that the cardiovascular resronse to isometric
exercise is related to the muscle mass involved.

Observation of fidgures 10 and 11 revesls a3 steady
incresse in blood rressure during ventral root stimulation

(117 wmHd to 136 wmmHss 167%) which ususllwy leveled off
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after contraction was maintained for arrrodimately 40
seconds., This FTessor resronse was sidnificantly
accentuated (118 mmHE-143 mmHg? 217%) whern the external
iliac arteries and the inferior vena cava were occluded
Frior to and during the exercise reriod. The blood
rressure increment followind induced contractionm without

occlusions is aqualitstivelw similar to the resronses

rerorted tbw Fisher and Nutter [471. These authors
observed an 1142 increase i mesan arterial rFressure

following bilateral stimulation of the L6-L7 ventral roots
irn chloralose anesthetized dods. The slightly higher
Fressor resrFronse noted in our exreriments maw reflect the
dgreater muscle mass involved during L6-51 ventral root
stimulation, Fisher and Nutter a3lso noted that occlusion
of the femoral arteryy or femoral vein and arterws during
ventral root stimulation did rnot augment +this blood
rressure increment. Converselyy in the rresent
exreriments the maximum increase in blood rressures as
well as the time course of this efressor resronse to
sustained contractiony were altered (fidures 10 amd 11).
This difference maw be due to the reduced risk of
contralateral circulation during external ilisc and vens
cava occlusion.

The reflex nature of the cardiovascular resronse to
induyced exercise (as described above) has been well

established., Coote et al. [36] Frodressively eliminated
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the rressor resronse to ventral root (L6-51) stimulation
by sterwise section of corresronding (L6-81) dorsal roots.
Since sectioning the articular nerves in the working limb
did not alter the blood rressure elevation during such
exerciser thewy surmised that muscle afferents were most
likelw involved. McCloskew and Mitchell L1181 confirmed
and extended these findindsy demonstrating that the
sensord  fibers involved in such reflexes were drous III
and IV muscle afferents.

In the rresent exrerimentss the central rathwss of
afferent fibers activated by induced muscular contraction
were studied. The rressor resronse to ventral root
stimulation without simultaneous wvascular occlusion was
virtually eliminasted by section of the DLS at L3 in these
animals. Sectioning the DLF alone caused only 3 modest
reduction in the maximal blood fressure increase during
such  induced contraction,. Interestindglyy when the blood
flow throusgh the external ilisc arteries and the inferior
vena cava was restricted during musculsr worky neither DLS
nor DLF section alone comprletels eliminated the exercise
refle, In factr onlw combined DLF and DLS lesions
obliterated the cardiovascular resronse to simultaneous
exercise-occlusion.

These lesion studies seem to imrly that the ascending
srinal rathwaws medisting exercise reflexes are similar to

the sustems involved in somato-autonomic interactionsy
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localized with electrical activation of prerirheral
afferents., Further, the fact that both the DLF and the
OLS  must be sectiored to eliminate the cardiovascular
resronse to exercise-acclusion may suddest the involvement
of somato-rarasumrathetic interrlay in  this reflex.
Howeversy we observed no chande in rhenglerhrine-induced
bradycardia with simultaneous ventral root stimulation.
Similarlyy Coote and lodds [33] were unable to demonstrate
an interaction between barorecertor activity and induced
contraction in decerebrate cats. It must be concluded
that the ascending sustems involved were interacting with
sumrathetic centers exclusivelw. These srinal rathwags
arrear more diffuse tham those observed in exreriments
emrloging electrical asctivation of the sciasatic nerves
which maw reflect the dandlionic blocking sctivity of
decamethonium in these animals.

In conscious man [1495130]1 dods [583 or cats L[é66]dy
the Pressor resronse to voluntary exercise is sccomranied
b a8 marked tachucardia. Bristow et al. [24] and others
L40+76+1401 have suddested that barorecertor sensitivity
is reduced during such exertionr rermitting larde
elevations in heart rate desrite increasing arterial
pressure. This debuffering maw involve the activation of
higher centers such as the hurothalamusy which are known
to inhibit barorecertor-induced vadgal activation [41,83].

Howevery when muscular sctivity is induced in anesthetized
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or decerebrate animals heart rate does not rise
significantly (fidgure B8 and references L[36/118:1631),
McCloskew and Mitchell [1181 bhave sudgdgested that this
discrerancy between voluntaryg and induced exercise may be
due tol! 1) altered barorecertor sensitivitwy in these two
rrerarations or 2) the oridin of the heart rate resronse
to exercise in conscious man and/or animals is central as
orrosed to reflex in nature.

If indeed arterisl berorecertors are active in the
anesthetized wmrerarationr one would exrect anw heart rate
resronses to induced contraction in these animals to be
lardely obscured. In the rresent exreriments heart rate
was monitored during ventral root stimulation befores
during and after vadus nerve coolind., It was rresumed
that barorecestor buffering of heart rate during induced
contraction would be eliminated during such wvadal
blockade. In these exreriments (N=6) there was no
significant tachwcardis during ventral root stimulation
redardless of the dedree of vadal rpatencg. This finding
sudgdests that the heart rate resronses which are observed
during voluntary exercise maw not oridinate reflexls in
the exercising muscles., Howevery once adain the dedree of
anesthetic-induced derression in these dodgs is mot clear.
Toward this endy it should be noted that the resting heart
rate in these chloralose anesthetized dosgs was on the

order of 160 beats rer minute. While vadal coolindg
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FIGURE 24
ASCENIDIING AXONS INVOLVEL IN SOMATO-

AUTONOMIC REFLEXES

ANESTHETIZED CONSCIOUS
Groupsl-lll  GrouplV (dogs1-20)
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FIGURE 24
LEGEND

Schematic rerresentation of the srinal ordanization
of ascending axons destined to interact with vadgal (X)) and
symrathetic (0) swstems., Lesion rlacement was bilateral
in  both chronic (conscious) and acute (snesthetized)
Frerarations.,
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significantly increased the control rates 1n 811 siw
animals (Fidure 8) we did note a marked tachuycardia in
three of these dosgs during induced contraction (durindg
vadus nerve blockade). Thereforer these observations
taken alone only oint out the need for further
investidation into the wmechanisms of exercise induced
tachucardia in conscious man or animals, Imrortantlyy the
tachwcardia which accomranies static exercise in man is
mediated bw vagal withdrawal [3531y which is not rossible
in the anesthetized animals studied herein.

Elood sressure was monitored 1in the consciousy
dunamically exercising dod before and after lumbar seinal
cord lesion ~lacement. These srinal sections were aimed
st idinterrurting the ascending rathwads which mediate
somato-sumrathetic and somato-rarasumrathetic reflexes
(discussed above in snesthetized rrerarations). In fidgure
24 the rossible distribution of these ascending sustems is
dericted., In this fidure the location of fibers destined
to imteract with sumrathetic centers are rerresented as
circles., Exreriments emrloving direct electrical
activation of the sciatic nerves suddest that these fibers
are most concentrated in the dorsolateral sulcus area.
Howevers when somatic afferent nerves were activated
reflexly (bwyw stimulation of ventral roots) the axons
ascendingd wuron sumrathetic centers arreared to be more

diffuse occurving both the DLS and the LLF. The ascendind
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systems which mediste somato-rarasumrathetic reflexes were
loecalized 1in this same srea (fibers rerresented by the
letter X in fidure 24). It is mot clear from the studies
carried out wuron anesthetized dodgs whether these fibers
rlaw a8 role in the cardiovascular resronse to exercise.
Howevery it should be noted that the srinal lesions rlaced
in the chronic animal rreraration interrurted ascending
sustems which mediate both somato-sumrathetic and somato-
Farasumrathetic reflexes, These lesions sidnificantly
altered the cardiovascular resronses to exercise with and
without simultaneous vascular occlusion in conscious dods
(outlined below).

The actual site of all srinasl lesions were verified
histolodically (see Resultss Fidgures 21y 22 and 23). In
eight chronic animals trained for treadmill running
(Fidure 23y animals 13-20) these srinal sections were
extensiver iﬂcluding the ventral horn and/or addascent
white matter, All of these dods were rararelegic after
such lesion rlacement as the descending swustems which
mediate voluntary motor activity were interrusrted L[26,811.

In the chronic animal errerarations irmcrements in blood
rressure and heart rate were evoked bw tresdmill exercise.
These cardiovascular resronses were followed during whole
body (311 fours) and hind limb only (fromt leds surrorted
by 8 shelf) running at various work loads. During non-

ischemic exerciser blood rressure and heart rate increased
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in these animals 1in @ sterwise fashion as the work load
(treadmill drade and/or sreed) increased, Additionallus
the rressor  resronse  to exercise at any  level was
rotentiated by transient occlusion of the left external
iliac artery, Careful observation of fidures 12 and 14
howevery reveals that blood rressure elevation evoked bw
simultaneous exercise-occlusion was not related to the
level of exertion during whole body running. In facts
decreasing the work losd from 2 10% drade to a 0% drade
actusally increased the cardiovascular resronse to iliac
artery occlusion during running on a1l fours., This
observation maw be exrlained bwg the relativelw dreater
sensory  inrut  from non-ischemic 3areas a8t hidher work
loads. In an effort to maximize the rercentade of the
total sensory inrut arising from the ischemic ledy the
cardiovascular resronse to runnind on hind limbs onlw was
monitored. When this frotocal was followedr the rressor
resronse  to simultaneous exercise-occlusion was found to
be directly related to the work load. Finalluy
interrurtion of blood flow throush the external ilisc
artery at rest did not sidnificantls chande the blood
rressure or heart rate in these dogs., This indicates that
muscular activitw is necessary for the elicitation of the
cardiovascular reflexes rerorted herein,

The observations outlined above surrort the findings

of Lind et al. L1101 who rnoted that the rressor resronse
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to static #ercise 1in man was rotentisted by vascular
occlusionr. In later exreriments Lind and co-workers [1111
demonstrated that the rressor resronse to unilateral
forearm exercise was not seen in a3 ratient with 8 sensoru
deficit (rain and temrerature) in that limb due to
syringomuyelia, These authors suddested the involvement of
a8 chemical mediator released by exercising muscles in a
cardiovascular (somato-autonomic) reflex (see Longhurst
L1141 for 8 review of the rotential chemical mediators
involved).

In the rFresent exrerimentsy the rressor resronses
brought 3bout by ischemic and non—ischemic exercise were
monitored before and after lesion rlacement in the lumbar
srinal cords, The blood rressure elevsation which occurred
during treadmill running was not altered by these lesions.
However: the marked Fressor resronse evoked b
simultaneous exercigse—occlusion in control rums (ere
legsion) was significesntly reduced by section of the INLF
and the DILS at L2, This finding rrovides strondg surrort
for the irnvolvement of somato-autornomic reflexes in the
cardiovascular sadiustments which occur during ischemic
exercise,

While this reflex arrears to involve the release of
chemical substances within the working musclesy it is not
certain whether chemorecertorsy nocicertors or both are

involved., Since rain is one of the characteristics of
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severe (esrecially ischemic) exercise [14y1351y one can
not overlook the rossible involvement of nocicertion in
these resronses, Converselyy Lind et s8l. [110] suddested

that rressor resronses evoked during static exercise were
not a8 manifestation of rain. These authors ardued that
discomfort did not 3rise during sustained hand drie
contractions wuntil half waw throudgh 8 contraection held to
fatiduey while +the blood rressure resronse to such
exercise followed 8 shorter latency of onset, Similarily
Doreat [431 noted that the onset of rain occurred after
20-30 seconds of sustained (static) exercise,

As dericted in figures 19 and 20y the time course of
the rpressor resronse to simultaneous exercise occlusion
was followed over a8 two wminute reriod. Uron careful
observation of these fiduresy it 1is arrarent that the
blood rressure elevation which occurs during ischemic

sercise 1is multirhasic., Srecificallyy there is a3 slow
rise in mean arterial rFressure over the first 40-60
seconds of simultaneous exercise-occlusion which is not
influenced by lesion placement in the lumbar srinal cord.

This is followed by 8 relatively rarid increase in blood
rressure  over the next 40 to 60 seconds of maintained
occlusion during treadmill running. This secondarwy (40-460
second latency of onset) rressor resronse was rrofoundly
influenced by section of the [OLS and the ILF at L2,

Interestindlgy the laterncy of this resgonse 1s very
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similar to that of the onset of rain rercertion in human
subdects rerforming idischemic exercise [3,431, It 1is
therefore tempting to sreculate that this rortion of the
exercise reflex may actually be 38 resronse to nocicertive
information, In this redgard it should be noted that these
dodgs bedan to show some dedree of discomfort and gait
chande during the later stades of occlusion (esrecially at
higher work loads).

The chandes in heart rate which accomrany treadmill
running  were 3lso monitored in conscious dods. During
such exercise the rulse rate was directly rrorortioned to
the level of work rerformed. At hidgh work loads (a1l
foursy 10X drade) this exercise induced tachuycardia was
minimaly influenced bw srinal cord lesion rFlacement
(fidure 13) rresumably due to the extensive sensory inrut
from the working front limbs, Howeverr when the treadmill
dgrade was lowered to 0%y the heart rate resronse to
running on 31l fours was reduced by such lesions (fig 135).
Interestindlys the tachuwcardia which accomranied running
on hind leds onlwy was not altered by section of the DOLS
and DLF at L2,

The observations outlined above indicate that the
tachycasrdia which occurs during non—-ischemic exercise maw
involve more than one mechanism. The rarticiration of an
excercise~reflex oridginating in working skeletal muscles

is strondly suddested by the effectiveness of L2 srinal
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sections in altering the heart rate resronse to running on
all fours. During runnming on hind limbs onlgy the
afferent fibers which oridginate in actively working
muscles should be more effectively interrurted by srinal
lesions at this level, However» section of the DLS and
DLF did not influence the modest tachucardia observed
during sych exertion, This finding sugdests the
involvement of central elements carable of increassing
heart rate during exercise which are inderendant of
rerirheral reflexes., The nature of these central elements
rresents a8 further rroblem from the standroint of
interrretation, For examrley the involvement of emotional
factors in the cardiovascular resronse to urmatural (hind
limbs onlw) running can not be eliminated even though such
influences were minimized by! 1) extensive training and 2)
keering the 1level of exercise auite 1low. It is also
rossible that the front leds (surrorted by a3 shelf above
the treadmill surface) were rerforming a8 limited amount of
static work during such running. Thereforer the
involvement of & reflex oridinating in the ischemic hind
limbh in this exercise induced tachwcardia maw have been
masked bws emotional factors and sidnificant forelimb
ischemic reflexes., Howevery when these animals ran on
hind 1limbs onlwy unilateral iliac arterg occlusion evoked
a significant tachgcardia (rresumably due to enhanced

accumulation of metabolites inm the hind limbs sufficent to
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overcome similar forelimb reflexes)., The time course of
this resronse could not be determined because of the
extreme variabilitw noted in these animals, It should be
noted howeverr that the heart rate elevation evoked by
hind limb runnimg during simultaneous occlusion was
eliminated bw lumbsar srinal cord lesion rlacement. This
finding further surrorts the involvement of a8 reflex
originating in the working muscles which brinds about

alterations in both blood rressure and heart rate.



CHAFTER VI

CONCLUSIONS

Exreriments were desidgned to determine the site and
functional significance of ascending srinal rathwaus in
anesthetized and conscious dods ., The following
obhservations and conclusions can be drawn from the data
obtained in this studu?

1. The afferent suystems which mediste somato-
autornomic reflexes in dodgs ascend bhilaterally in both the
dorsolateral sulcus area and the dorsolasteral funiculus.
The location of these fibers is similars but not identical
to the site of such ascending rathwags in the cat.,

2. Bilasteral stimulation of Lé-81 ventral roots
results in 3 significant elevation in blood rressudre.
This rpressor resronse to induced hind limb contraction is
eliminated bwy bilateral section of the dorsolateral sulcus
area 8t L3 in asnesthetized dogs.

3. Induced muscular contraction in these animals does
not  result in 28 significant tachwcardia. The lack of

cardiac scceleration is rrobasbly not due to barorecertor
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buffering vise the vadus nerves in that vadal cooling does
not unmashk a8 heart rate resronse to ventral root
stimulation.

4, Somato-rarasumrathetic interactions can be
demonstrated bg observation of the interrlay between
shengleshrine  induced (vadgally mediated) braduycardis and
sciatic nerve stimulation. Howeversy when somatic
afferents are activated by induced muscular contraction
such somato—-autonomic reflexes are not demonstrable. This
finding sheds some doubt uron the involvement of somato-
rarasymrathetic interactions in the heart rate resronses
to rhugiolodical exercise.

Te The rressor resronse to induced hind limb
contraction 1is wvirtually eliminated by bilateral lesion
rlacement in the dorsolateral sulcus area. Howeversy when
the working hind limbs 8re made ischemic by vascular
occlusion the blood rressure increment is larder and not
com~letely lost after such srinal sectioning, Only
combined lesions of the dorsolateral sulcus area and the
dorsolateral funiculus are effective in interrurting the
cardiovascular resronse to this induced ischemic evercise.

6. The increase in blood rressure which occurs during
non—-ischemic exercise in conscious dods is not influenced
by srinal sections 3simed 38t interrusrting the ascending
limb of somato-autonomic reflemxes. This indicates that

the rressor resronse to such “ercise: a) does not
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oridinate reflexlwy b)) may arise reflexluy (a8t least in
sart) 1n the muscles but does not ascend in the LS or DLF
or ¢) may arise reflexly but the sensory information from
exercising muscles in the front limbs masks the influence
of srinal lesions.

7+ Transient arterial occlusion during treadmill
running  results in 8 marked rotentiation in the blood
rressure  resronse to such exercise. EBilateral lesion
~lacement in the dorsolateral sulcus asarea and the
dorsolateral funiculus at L2 sidnificantly reduces this
response to ischemic work. This suddests the involvement
of somato-sutonomic reflexes in the cardiovascular
addustments which occur during ischemic exercise and/or
rain in the conscious dog.

8. The rressor resronse to exercise with simultaneous
vascular occlusion 1is trirhasic whenn followed over a
reriod of two minutes, The inmitialy slow rise in blood
rressure 1s not changed bs lumbar srinal cord lesions.
The raridy secondary increase in mean arterial rFressure is
rrofoundlw influenced by section of the dorsolaterasl
sulcus area and the dorsolateral fumiculus at L2, This
long laterncwe rressor resronse occurs after arrroximately
one minute of vascular occlusion which coincides with the
time course for the onset of rain durind ischemic exercise
N mar.

P The cardiac accelerstion which accomranies non—
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ischemic “ercise in conscious dods was significantly
reduced bw section of the ILS and OLF a3t L2,

10, Tramsient iliac arterisl occlusion significantly
rotentiates the tachucardisa which occurs during treadmill
runming on hind limbs only. This chronotroric resronse is
significantly reduced hy srinal lesions aimed at
interrurting the ascending limbk of somato-automonic

reflexes.,
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