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ABSTRACT 
/ 

The relation between Pa02 and the firing rate of sympathetic pre-
'- . 

gangliQnic néÛrons (SPN) of the cervi~al symp~~hetic tr~k was studied 

dl,fring graded isocapnic hypoxia and hyperoxia in unanaesthetized acute 

Cr l spinal cats. Between 40 and 400 nmHg Pa02 there was no relation 

between the two variables. Below 40 mrifg f1r1ng rate 1ncreased as Pa02 / 

decreased, rea~hing an ave~age peak value of ten t1mes control at 

20 rnrDig. Pa02. A s1ml1 ar response was observed in CNS intact, anaes

thetized, and peripherally chemodenervated preparations. Mean arterial 

pressure (MAP) was also independent of Pa02 between 40 and 400 rmflg and 

~ increased by an average of 25% below 40 mmHg Pa02. Hexamethonium or 

phentolamine (i.v.) abolished the MAP response but not the SPN response 
• 0 

to hypoxi a. Pentobarbital (5-60 mg/kg i.~.) did not modify the SPN 
. 

response to hypoxia although normox1c SPN background f1r1n9 was con-

siderably depressed. The exc1tatory effect of hypoxia seems 

1 independent of excitatory afferent input and appears to be a general 
1 

property of SPNs. 
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RESUME 
. 

1 
, 

La relation entre Pa0 2 e~ la fréquence de décharge des neurones 
\ 

, préganglionaires sympathjqve~ (NPS) du -nerf cervical symp~thiqU~ a1& ~té 
~J 

étudiée durant l'hypoxie isocapni.que graduée et l'hyperoxie, dans les ." ~ . 

chats non anes~hésié;; avec moëlle ép;~ière sectionnée au niv,eau de C-l. 
o - \ 

Entre 40 e~ 400 mmHg' Pa02' il n'y avait aucune relation entre les 
'/ 

variables. Au-dessous de 40 nmHg, 1a fréquence de décharge a augmenté' . ~' , 

pendant que Pa02 a diminué, atteignant une val~ur moyenn,e màximale dix 

fois plus, grande à 20 nmtIg Pa02 qu'en normoxie. Une réaction simi

laire a é1;ê observée dans des préparations anesthésiées, au sy~tème , / 

nerveux centr~l intact, dont les chémorécepteurs périphériques fut 
/' - -- - - --

denervés. La pression artérielle moyenne (PAM) était également 

ind~pendante de Pa02 entre 40 et 400 nmHg et augmentait en moyenne de 
~, 

25% au-de~'sous ,de 40 rnmHg. Hexamethonium ou phentolamine (i .v.) ,a 

abol i la réaction de 'a PAM à l' hypoxie mais non celle des NPS à 

l'hypoxie. Pentobarbital (5-60 mg/kg i.v.) n'a pas modifié la réaction 

des NPS à l'hypoxie,même si la décharge des NPS à normoxie était 

considérablement basse. L'effet stîmulant de l'hypoxie semble 
-' 

indépendant des afférents exdtatoireset apparaît être une propriété 

générale des NPS. 
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1. INTRODUCTION 
" 

The autonomie nervous s~stem (ANS) plays a key role 'in the l1i11'n

tenance of a re1at1vely constant and adequate 1nternal ènv1ronJRellt in 

the homeothermi c vertebrate organ1 sm. - To this end it exerts cons1dAr- J -
J \. i 

able control over a number of~ aspects of eircu1atory and visceral 

funct1~n. This 15 achieved through a continuous outflow of neural 

1 nformation to the" var i ous effector mechani sms (Polosa et al., 1919). 

The existence of-5uch tonic efferent activ1ty raises a basic question 

concerning the functioning of the ANS; that 15 how 15 this tonie 

act1vi ty generated? 
~ 

In studying this ques~ion 1t has been demon5trated that a signiff-

tant portîon of the sympathet1c preganglionic neuron (SPN) population, 
-/.~ , 1 

w1th axons 'travelling in the cervical -sympathet1c trunk (CST), is 

tonical1.Y active in the anaesthetized animal preparation with an intact 

central nervous system (eNS) (Polosa, 1968; Janig & Schmidt. 1970). 
1 

More extensive examination b~ Mannard and Pol osa (1973) conf1rmed this 

observation and showed thàt th1s was also the case in the unanaes

thetized decerebrate animàl preparation. In addition, it 'was found 
/ . 

that,spinal cord transection at C-l reduced the amount of tonic SPI 

aetivity and that section 1)f the dorsal roots further attenuated tonie 
./ 

SPN firing. Neverthless. some tonie SPN act1vity has been seen ta 

persist in the 1so1ated spinal cord fragtnent prepared by section of the 

sp_ina1 c-ord at C-8 and 1-5 and section of the dorsal roots between .. 
these two levels (Polosa. 1968; Mannard & Polosa, 1973). Siml1ar 
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results have been obtained by DeGroat and Kr'ier (1979) while recording 
. /" 

140m the postganglionic lumbar colonie nerves innervating the large 

intestine. In the latter study tonie sympithetic activity persisted in 

the fsolated upper lumbar spinal cord, following spinal cord tran

section at T-13 and L-5, even after section of the lumbar dorsal roots. 

This postgangl1on1c act1vity was not generated peripherally in tIIe 

sympathetic gang11a since 1t was eliminated by section of the lu1bar 

véntra1 roots. 

On -the basis of these observations it would appear that spi.1 as 

we11 as supra-spinal afferent connections play an important ro1e in the 

generation of ton1c SPN act1v1ty. Hôwever, the persistence of tœ1c 

SPN activ1ty in the -i solatedH spinal./ t'ord has led ';to -the sUjJgestion 
1 

1 

that reverberat1ng neural circuits, putative pacemaker propert1es of 
1 

SPNs, or physico-chemical factors such as temperatur~ or P02 of the 
-

neuronal environment may a1sQ have &--ro1e in the generation of tanic 

SPN activity (Po10sa, 1968; Koizumi & Brooks, 1972). INôr1è of these) 

possibl1 ities h~ve been clear1y demonstrated. The ~u~ presented here 
1 

dealS with the possibil ity that the o~gen tension of" the neuronal 
~-----

environment p1ays a role in the generation of tonic SJ'N ~ctivity •• 

It was known a.t the turn of the century that asphyxiation caused 

, ------- an increase ifl./ar~érial blood pressure in the CNS intact preparation as 

wel1 as in anima1s in which supra-spinal sympathetic influences IMd 

been e1im1nated (see Mathison 1910 for references). The pressor 

effects of asphyxia 1n the acute C-l spinal animal were shown to be 

neurogenic and due largely to 02 lack in the b100d by K~a and 
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3. 

'1. 

FIGURE 1. The pressor effects of ventilation with hypoxic gas ,(from 

Mathison, 1910). The results were J obtained from an acute 

C-1 spinalized and curar1zed cat. Arterial blood pressure 

1s indicated in nDfg. Gas conta1ning 2%_~2 and 98% N2 

was adm'tnistered between the arrows. Hme calibration: 

10 sec. 

/ 

1 

\ 
.1 

~ 

, 
/ 



.< 

t-
1 e 

if 

~ , 
! 

? 

> • 
~ 

1 
, . 

4. 

Starling (1909) and by Mathisotl (1910). These workers found that 
lib 

asphyxia or ventil ation"with hypoxic or anoxie gas çonslstently led to 
'-

a significant rise in arterial blood pressure (Figure 1). 'There was no 
/ 

pressor response to asphyxia or hYpoxia following destruction of the 
. , / 

spinal cord in thes~~ al)imals. Ventilation with hypercapnie gas or-
+ elevation of arterial H prOduced incons~stent resul1;s and signif1cant 

pressor responses were only seen ~t levtùs of inspired CO2 greater than 

25~. It was therefore suggested. that the pressor responses seen during 
.~ 

asph~xia were mainly due to a marked sensitiv1ty of the neurons of the 
./ 

so-cal1ed spinal vaso-motor centers to hypox(a. 
-

Later observations suggested a sens1tivity of spinal sympathetic 

structures to changes in the neuronal enviro~~t caused by alterations 

in artefia' blood pressure and thus presumably' in nervous tissue per-
/' 

fusion. Work-ing ~h chronic sp1nalized (C-6) cats,Brooks (1935) found 

that this preparation coul d compensate for a decrease in arterial blood 

pressure caused by acute hemorrhage of between 15' and 25' of its total 

blood volume. This response was found ta be unaffected by removal of 

the adrena' glands or by further section of the spinal cord at L-5 and 

section of the dorsal roots" between C-6 and L-5. However, section of 

the ventral roots between C-6 and L-5 or campl ete removal of/the 
./ -

sympathetfc chains abolished the compensatory response to hemorrhage. 
- G, 1 

A role of the. sympathet1c system in thfs response was further' 

suggested by the observation of nict1tating membrane contraction a~d of 

increased resistance ta flow in a vascu1 arly 1s01 ated. innervated, 

perfused 11mb following acute hemorrhage in chronfc C-6 spinal cats. 

, 
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lt was thus concluded that the spi nal sympathetic néurons themsehes , 
, \ 

posses~,ed an intrinsic 'sem;-(tf.vity to decreases in' artefial bloo,d 

pressure caused by hemorrhage possibly as a resul t of decreases ~1n 
, . 

nervous tissue perfusion which may accompany large ,fall 5: in arteria. 
/ 

- f./ 

b1bod pressure. A_n influence of nervous tissue perfusion on sympatlle- " 
1 ' 

~ . 
tic act1vity was a1so suggested by Alexander (1945) on the basis of 

expefiments upon CNS ~ntact, barorecep.tor denervated, cats as wall _ 

acute C-l spinal cats. - He found that the amounts u-ofl-ee-l-f",-,feC-lr~e:unt~----
- /' ~ 

electrical. activity in the 1nfer1or cardiac nerve of these preparations 
---=--~---

- - / ~ .. 
decreased as arterial bloocVpressure was increased by'the intravenous 

acbtl1nistrat'f:6n of pressor drugs or
f 

t,y occlusion of the abdominal aoru. 

The SëUIIe typecof response to 1ncreases in arterial blciod pressure va 
~ 

seen following -the el1mination, of sensory afferents by section of the 
/ f 

dorsal roots. The exp1ana~lon put forward for these findings was tMt 
/ ' - , "-

spinal sympathet1c neurons possessed an intr1n5ic sensitiv1ty ta the 

increase in arteria1 blood pressure or ta same consequence of it. On 
Q 

the bas i s of the observati ons by 8_r ooks (1935) and Al exander (1945) • 

. relation between SOlRe perfusion dependent variable and sympathet1c 
~'. " , , 

activi ty se~d possible. The experiments of Ka,ya and Starl1ng (1909) 

and Mathison (1910) haa already suggested that such a factor was IlOt 
./ 

tissue H+ or Co.z levels but more likely ~ leYels:~ Therefore. 1t 
- ' 1 

appeared that there mi ght .exist a sensitivity ta nenous tissue oxrgen -tension over a considerable range of values. 
~ 

Further experiments 5upported the possibility that the \ 

\ 
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A 

FIGURE 2. E of anoxi,a upon inferior cardiac nerve activity in 
the deafferented spinal preparation (from~Alexander, 1945). 
All the records are from the same preparation at the same 
amp1if1cation. Time calibration: 200 msec. The spinal cord 
~as se~ioned at C-5 and T-6 and al1 t~e dorsal roots 
between these two segments were cut. A) Ventilation at a 

~moderate rate with room air. Bl Activi~ after 90 sec ven-
~ tilation with N2. C} Further increase in activity with 

anoxia, 5 sec of recording omitted between Band C. Dl A -
mixture of 90% Ü2 and 10% CÛ2 subst"ituted for N2. Record 
shows decrease in activity as oxygen reaches tissues. E) 

o 

J 

Return to original level while being ventilated with Ü2 - ~ 
Ç02 mixture, 5 sec of recording omitted between 0 and E. 
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excitabi1ity of spinal sympathetic structures was increased as o~gen 

delivery to nervous tissue was decreased. Ge11horn et al (1942) found 
. 

in the cat that electrical stimulation of the dorsal surface of the 

thoracic spinal cord during systemic hypoxia caused a greater pilomotor 

activity of the back and tail and a greater nictitating membrane con

traction than stimulation during normoxia. ' Since these increased 

sympathetic responses were restricted to the stimulated spinal cord 

segments and since the nictitating membrane contraction evoked by 

e1ectrical stimulation of the distal part of the sectioned CST was not 

modified by hypoxia these observations wer~taken to indicate an 

increase in the excitabi1ity of spinal sympathetic,neurons during 
-

~ hypoxia. Alexander (1945) came to a simi1ar conclusion on the basis of 

somewhat more direct eyidence. He found that the electrica1 activity 
'../ - _/ 

of the inferior cardiac nerve in the acute_C-l spinal cat increased 
(" 

during~asphyxia or vent~lation with 100% N2 and decreased during hyper-

ventilation with air or ventilation with hyperoxic gas mixtures. 

Simi1ar resu1ts were' seen fo110wing dorsal root section (Figure 2). ~n 

the basis of these observations and of those previous1y mentioned con-
~ . 

cerning a decrease in sympathetic activity upon increases in arteria1 

b100A pressure in CNS intact, baroreceptQt denervated or C-l spinal y 

deafferented cats he suggested that there was an inverse relationship 

between sympathetic activity and spinal cord P02~ 

A variety of cardiovascu1ar phenomena have been attributed to a ..' , 

'---CNS action of PQ2 upon sympathetic neurons. As was out1ined above an 

action of n~~v~~issue P02 upon spinal sympathetic neurons m~ be a 

1 
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major factor ln the generation of tonic SPN activity in the l'iso1~tedU 

spinal cord. In addition, it has been suggested that in the C-l spinal 
_/ 

preparation.slow spontaneous oscillations of arterial blood pressure, 
/ '. 

known as Mayer waves, and the hypertensive response ta elevated intra

dural pressure, similai to the Cushing response of the CNS'intact pre

paration, are the result of changes in nervous tissue perfusion 

(Kaminski et al., 1970; Meyer & Winter, 1970). In addition, systemic 
../ 

o 

hypoxia in the CNS intact preparation without functional peripheral 

chemoreceptors has been shown to initiate neurogenic cardiac responses, 

/such as increases in ventricular contractility, heart rate and cardiac' 

output (Achtel & Downing, 1972; Krasney et al., 1973, 1977),'as well as 

increases in sympathetic activity (Dower, 1975; Gregor & Janig, 1977). 

/ At least part of these'responses may be due to a spi~al action of 

systemlc hypoxia. However, the experiments of Downing et al (1963) on 

peripherally chemodenervated dogs ln which the brain'was perfused with 
/ 

hypoxic blood whil~ most of the spinal cord remained normoxic showed 
) 

lellat signlficant neurogenic cardiovascular responses also occurred in 

this preparation. This suggests that supra-sp~nal neurons, antecedent 

to the SPNs may also be excited by oxygen lack. 
/ 

From~he literature reviewed above it is evident that a number of 

experiments over the past 70 years have suggested that there may be a 

spinal or even supra-spinal action Of Pa02 upon the ANS indeperident of 

peripheral chemoreceptor input. Most of the evidence is somewhat 

indirect and qua1ttative in showing that rather extreme levels of 

hypoxia or ischemia excite sympathetic neurons. However, if tissue 

r 
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J 

of arterial P02 play a role in the generation of tonie SPN activity 

then there shou1d e~;st a re1ationship between Pa02 and sympathetic 

activity over the who1e range of physio10giea1 values. None of the 

previous studies have clearly demonstrated.that such a re1ationship in 

fact exists. Much of the earlier work (Kaya & Starling, 1909; Mathison 

1910; Brooks, 1935) was/based upon the observation of changes in 

. arteria1 blood pressure in the spinal animal during asphyxia, ventila

tion with anoxie gases or hemorrhage. However, due to the direct 

effects of systemic hypoxia upon the heart aod vascu1ar smooth muscle 

ft is very difficult to infer changes in sympathetic activ~ro. the 

changes in arterial b100d pressure observed dûring such experiments. 

In addition, the exact extent to which arterial o~gen tension and/or 
~ -, 

oxygen de1ivery to the various tissues decreases during asphyx'ia. 

ventilation with anoxie gases or hemorrhage is unknown. Thus, the 
~/ 

characteristics of any re1ationship between sympathetic activity lnd 

Pa02 cannot be described ori the'basis of sueh data. Neither can this 

be done using the data obtained in the later work by Alex~nder (1945). 

He recordec:t- the efferent e1ectrical activity of the inferior c.ardiac 
" 

nerve. However, the recordings do not lend themse1ves to quantitation. 

As with earl~r investigators he also depended upon asphyxiation and 

ventilation with anoxie or, hypoxic gases to aehieve changes in arteria1 
j 

gas tensions without aetually measuring blood gas ten~ions. 
J 

The questi on posed in the seri es of exper iments presented her.e 

concerns the natùre of the supposed relationship between arter1al . 
o~gen tension and tonie SPN firing in the-aeute C-l spinal eat. This 
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was 1nvestigated by observing changes in tonic SPN firing as arterial 

o~gen tension was slow1y decreased from normoxia ~o extreme hypoxia 

(paOZ < Z5 rmtIg) or 1ncreased to hyperoxic values (paoZ> 400 ..... 9). 
, J 

o Sin/ce nervous tissue POZ has been shown to follow quite closely sueh 

changes in Pa02 (Len1ger-Fo1bert et al •• 1975) it was fe1t that this 

type of data would indieate to what extent tonie SPN f1ring 1s 

'influenced by the POZ of its,~env1ronment. 
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" 1 J. ME1'HODS 
/ 

, 
Experiments were conducted/on 15 adult cats of either sex weigh-, 

lng between 3 kg and 4 kg. Ten of thesé animals were spinalized at t-l , , 

and anaemfcal1y decerebrated by occlusion of the carot1d and vert~br.l· 
-

arteries wh;le anaesthetized with ethyl ether. The completeness of UIe 
l '1 .. 

, "..' 

"'spinal s~ction was confirmed by visual inspecÙorr,pI~Th';:/ê success of tille , ~ 

'/decerebration was·assessed by the 10ss of the corneal and 11ght 

reflexes and by appearance of r1gor mort1s of the head. After the 

compl~tion of the spinal section and decérebrat10n ether anaesthesi. 

was discontinued. The remaining five cats h~d'an intact CNS and were 

anaesthetized wfth ,pentobarbital (35 mg/kg) a,dmin; stered intr,per;~ 
~ _1 ~ 

e eally. Anaesthës1a was mainta1ned 1n these preparation$ with 

supplemental doses of pentobarbital admin1stered intravenous~y. All 
, ." <' • . the cats were tracheo,stomized. Follow~ng mticul ar paralysis with pu-

~r'~':,> ,o,. -' - _/ 

curonium bromide (0.5 mg/kg i.v.) the 'c~s were ventilated with 

positive pressure. Ventilation was adjusted to maintain end-tidal ~ 
. -' , 

betw~en 25,mmHg and 35 mmHS. Gases were supplied to the respirator 

from a 1 litre anaesthesia rebreathing baga The ~ontents of th;s big, 

could be regulated wi~h needle valves controlling the flow of 02. air • 
• ./ < 

C~ J and ~. Rectal temperature was measured -and ma1nta1ned at !>e~ 

3~C 'and 3SoC by means of 1nfrared lamps. - ~ 

In al1 the preparations a eST was exposed in the neck by a v~~al 

approach. desheathed by remov{ng the'surrounding connectivè tissue. 

sectioned per1pheral1Yt and kept under paraffin oil in a pool made al 
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the slcin flaps' of the neck incision. Fine strands 'were dissected from 

the ,eST with glass probes ~and p1aced on bipolar silver recording .

electrodes. In two of the spinalized animal's an indwell ing' stimulating 

electrode was placed aroùnd one of the radial nerves in Drder to evo,ke 

SPN activity reflexly. In all the CNS intact preparations the vago

sympathetic trunks. including the aortic nerves. and the carotid sinus 

nerves were sectioned in order to el iminate the influènce of per ipheral . 
" , 

chemoreceptors. To assess the completeness of the chemodenervation in 
\ 

these preparations one phrenic nerve was exposed and des~eathed and its 
\ 

electrical activity recorded and integrated. Prior to chemodenervation 

t~e integrated e1ectrical activi~y of_ the phrenic nerve" ,was character

istically increased in amplitude u~on the intravenous administration of 

KeN (50 ~g/kg). Such doses of KeN have been shown to cause a large 
/ 

incr'easeïn ~fferent discharge in the carotid sinus nerve (Eyzaguirre & 

Nishi, 1974). After chemodenervation this dose, or greater doses, of 
1 

KeN had no effect on phrenic nerve activity. 

The firing of SPNs was recorded in all the preparations from 

single unit or multi-unit strands of the eST. The electrical activity 
./ 

of the strands was amplified with an AC coupled GRASS P511 preamplifier 

(bandpass 10 Hz--10 k Hz) and displayed on a storage osdlloscope. 
1 

Firing frequency of the units,was measured with an amplitude 

discriminator and ratemeter. 

'In addition to sympathetic activity a number of other physiologi-
-_/ 

cal variables were also monitored .. Inspired and expired COi and 02 

concentrations were monitored with a BECKMAN LB-2 ahd OM-ll gas 

analyzer respective1y. Ar te ri al blood p'ressure was monitored from a 
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cannula in the fernora1 artery using a STATHAM pressure transducer. 
----' 

13. 

Arterial PC02, P02, and pH were periodical1y determined with a RADIO-

METER PHM72 Mk-2 digital acid base ana1yzer and a BM~-3 Mk-2 blood 
/ 

micro-system, in duplicate, from l' ml s~mpl es taken anaerobically from 

the femoral artery. Inspired and ex~red C02 and 02' arterial blood 

pressure, and sympathetic unit firing frequency were d1splayed on a 

GRASS model 7 polygraph., Sympathetfc activity, inspired and expired 02' 

and arterial blood pressure were a1so stored on magnetie tape for .... 
further ana1ysis. 

Changes in sympathetic activity d~ring arteria1 nypox1~were 

observed in five single unit strands and five mult1-unit strands 1n 

eight acute spinal cats. The results of radial nerve stimulation 

during arterial hypoxia were observed in one single unit strand and one 

multi-unit strand in twà acute spinal cats., In addition the effect of 

art~rial hypoxia upon tonie SPN activity in the CNS intact anaesthe-
, 1 

tized preparation was observed following peripheral chemodenervation in 

1 single unit strand and 4 multi-unit strand~ in 5 cats. In three 

single unit strands in three spinal cats the effects of ventilation 

with lOin ~ were also observed. Thvffects of asphyxia upon tonie 

SPN f1r1n9 in acute spinal eats wefè-observed in two animals. Asphyxi-
~----

ation was aecomplished by turning tne resp1rator off. 

In all ,th!,preparations whieh were made hypoxie artertâl P02 was 1 

gradually decr_~~d from a mean normoxie level of 90 mmHg to a mean 

maximal1y hypo ie level of 20-nlliig at a mean rate of-4-nmHg/min. 
i 
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This was accomplished by gradually decreasing the fJow of air and , 

increasing the flow of N2 to the anaesthesia bag supplying gases to the 
, / 

respirat!on pump., End-tidal peo2 was maintained at a relatively 

constant level. dullr.1g the period of hypoxia (see F1gure 7) by campen-

sating for small changes in end-tidal PCOZ with adjustments in the rate / _/ 

and dtpth of ventilation. In those preparations which were made 
-, 

hypoxic more than once (e~g. the experiments illustrated in Figure 14) 

a period of at least twenty minutes was allowed to elap5e between 

hypoxic runs. During this-per1od the'arterial acid-base balance was 

monitored and acid05is, if present, corrected by the intravenous 

infusion of a NaHC03 solution (1 mEq/ml)._ 

. Arterial _blood ga~es could only be det~mined periodically. Three 
1 

or four arterial bloodl,samples were taken during each hypox1c run and 
- . ~ _-:.. ./ 

PaQz values occurring,between'these determinations were estimated. 

Me~surement/of arterial blood gases was performed in duplicateon 
-~ , 

~amples taken at the beginning and at the end of each hypoxic run a~ 

well as at intermediate poi~ts. PaÛ2 values which were not measured 

directly were estimated by i,nterpolation with respect to time between , 

the measured values. The information was used to plot sympathetic unit 

fir'ing frequency as a function of Pa~ (i.e., Figures_7,10,'14.15). 

This method of estimating Pa02 was comp~ed with values obtained by a 

second method. End tidal POz was measured in order to estimate PAÛ2·. 

This end-tida1 P02 was p10tted against simu1taneously measured Pa02 

values ~igure 3). These points were a150 fitted with an equation 
.-/ 

---...... -

., 
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..../ 

using 1east squares 1inear regression (Figure 3). Correlation 

e~fficient& were 0.90 or greater in al1 cases. Thus this method gave 

a good estimate of Pa02 as a ,function of the measured end-tidal P02. ~ 

When the Pa02 values estimate~by interpolation were plotted on the 

same axes they were clustered in a narrow band around~--a1e fitted line 

(Figure 3). This demonstrated that similar results cou1d be obtafned 

with two different methods of estimating Pa02,. Since the first method, 
-_/ 

using interpolation, depended on the mtasurement of one variable wh11e 
- ~. 

the second, using 1inear regression, depended on the measurement of two 

variables the former method of estimating 1ntermediate Pa02 values was 

used in these exp~riments. 
, 1 

Whe~ differences between values were tested for statistical 

signific~nce the Wilcoxon two sample te~t was used (Rumke & DeJonge, 
(1 ~ 1..-

_/ 

1964). P valùes of less than 0.05 were considered to be significant. 

Non-parametric sta~istica1 analysis was used due to the small 'sample 

sizes involved and because of the uncertainty concerning,the nature of 

the distribution of the values obtained. 
• 
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FIGURE 3. Compar1son of two methods of estimat1ng Pa02 values not 

measured d1rectly in a single experiment. One method 

was to fit a straight line C-) by least squares linear 

.régression to measured Pa02 values (X) plotted against 

P A02 valu~s. A second method was to estillate Pa02 values 
{ -
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not measured directly by interpolation with respect to time 

between the measured values (.). ihe line of identity 15 also 

indicated. 
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11. 

Il 1 • RESUL T'S 
./ 

a) Asphyxia in the Spinal Preparation 
0' 

Initial experiments showed that asphyxiation of the spinal animal 

produced a large increase in SPN fir1ng frequency. This observation 

was made during 6 trials in one single unit strand and ont! multi-unit 
_/ 

strand in two spinal_ cats.. An example of the response of the single 

SPN to asphyxia after ventilation in room air is illustrated in Figure 

4. The respfrator was turned off between the arrows. SPN firing 
'- ' 

frequency did no~~ change for about one minute following the arrest of 

the pump but started tcr~increase after this latent period' reaching a 

peak level of seven l time~ the control value. Arteriàl blood gases were 

not measured in this case but in similar. experiments arterial POZ'. PC02, 

and pH values of 16 lllriig, 60 IIIIIHg, and 7.100 respectively were obtained 

'~ at the time when th~ SPN firin9 rate reached a peak. Thus, hypoxia. 

hYpercapnia or acidosis, singly or cooperatively, might have been the 

cause of this SPN excitation in asphyxia. Further trials conducted on 

this unit showed that a period of hyperventilation in air prior to 

asphyxiâ, which reduced PACOZ to approximately 15 nmig, did not 

appreciably change the latency or magnitude of the SPN response. (Figure 

5). However, ventilation with 95~ Oz plus 5fc02 for several minutes 

prior to the arrest of ventilation prolonged the latency of. the 
.J , 

response by about 15 minutes (Figure &)._. -Reduction of the alveolar and 

---- JI-

arterial PC02 prior to the apnea should have del~ed the onset of the 

increase in SPN f1ring rate if accumulation of C02 was the critical 

./ 
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FIGURE 4. C-l spinal cat. SPN firing frequency response to asphyxia. 

" 
The preparation ~as ventilated w1th room air and end-ttdal 

C02 was 35 IJIIftg prior to turning the respfl"ator off for the, 
,J. 

per10d between the arrows. 
J 

\ 
o 

,~- .. ,--_ ... " \ 
~ _ .. _~ ~~"'I< .. ~ ~ _____.>" ,~~_.~,--......f~...oJ..l, . .w-~l..tf,~. <i..--....... _ •. - ... 



o 

c 

/ 

" 1 

r 
/ 

19 ... 

Symp flnng freq (Hz) 

4 

2 

1 

o 
1 2 3 4 

Asphyxia 

FIGURE 5. C-1"spinal cat. SPN f1r1n9 frequency response ta asphyxia •. 

The preparation was ~perYenti1ated in room air and end

t1dal C~ was 15 "'9 prior to turning the resp1rator off 

for the per10d bebeen the ~rrows. 
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FIGURE 6. C-l spinal cat. SPN f1r1ng frequen~y response ta asphyxia. 

~ 

The preparation was vent'11a'ted wi'th a gas mixture conta1n1ng 
) 

95' ~ plus 5'; CO2 prior to turn:i,.ng the respirator off for 

--- , the perfod between the arraws. 
.Jr . \ \ 1 \ 0 

o , 
; 

f 



1 

./ 

' __ A _____ ... ___ --, 

21. 

factor. lncrease of alveo1ar P02 should have had a similar effect if a 

decrease in 02 was the critical factor. Since the former procedure did 

not influence the latency of the SPN excitation in asphyxia, whereas 

the latter did, 02 lack is probably the major factor involved in these 

SPN responses to asphyxia. Therefore, these data confirm previo~s 

inferences made on the basis of arteri al blood pressure data (Kaya & 

Starling, 1909; Mathison, 1910) and on the basis of postganglionic 

recording (Alexander, 1945). In a~dition, siru:e the SPN firing rate 

,does not i ncrease cont1nuo~y with time duri ng apnea but abruptly 

after a long latent period, these data ,suggest the èxistence of a 

critical 10w Pa02 at which the response begins. 

h) Hypoxia in the Spinal Preparation 

The relation between Pa02 and SPN firing rate was exployed in 

eight experiments in acute C-l spinal animals, in which arterial P02 

was gradual1y decreased from normoxia ta extreme hypoxia. A total of 
~ 

13 trials on 5 single unit strands and 5 multi-unit' strands was per-

formed. The poo1ed data from al1 l3/trials is presented in Figure 7 

where sympathetic unit firing frequency, expressed as a percentage of 

the normoxic level, 1s plotted against Pa02. On the average no 

stat'Lstically significant change in SPN firing frequency was evident 

for Pa02s above 40 nDig. Below this val ue SPN firirfg frequency 

increased steeply reaching a mean value of nearly ten times the 

normoxic firing frequency at a Mean Pa02 of 20 mmHg. 

The resul ts of a typical experiment on a unit can be seen in 
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,F1IiYh. A.er~N re.ponse ta graded hocapnie art.rial IIypoxia. 

Points are averages based'upon 13 trials 1n8 acute spinal 

cats • ..-" The dashed linelt 1nd1cate' the range of the respanses. 
\ . 

Numerals 1nd1cate 1evels of s1gnif1cant d1ffer~nce frOID the 
/ 

po1 nt at the next greater Pa02• 
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/ 

Fi gure 8 where- firing frequency, end-tida1 and arteria1 P02 and PC02, 

arterial pH and mean arteria1 blood pres'sure are p10tted against time. 
-

Samples of the firing of this unit at Pa02s of 71 and 14 mnHg are shown 

in Figure 9. The relation between unit firing and Pa02 is illustrated 

in Figure 10. As is shown in Figure 8 this unit fired steadily in 

normoxi a 'over a per i od of more thanten mi nutes. As al veo 1 ar and 

~ arteria1 oxygen tensions decreased over a period of severa1 minutes 

very 1 itt1e change in firing frequency took place until a very low 
/ 

leve1 of oxygen tension was reached. At this poiJ')t (approximately 30 

rnriIg) -the SPN firing rate started to increase as Pa02 fell further 
. -

until a near1y six-fold rise in fir1ng rate took place. As hypoxla was/ 

terminated and the animal reoxygenated the frequency of SPN firing fell 
\ 

close to the normoxic leve1 within 30 seconds. Arteria1 PC02 and pH 

showed sorne fluctuations during hypoxia but no trends to whicr changes 

in the SPN firing rate cou1d be relatedwe~eVident. An increase in 

mean arteri al' pressure was apparent as Pa02 creased. 

- The effect of 10w Pao2 was ~t on1y increase the firing rate of 
- . 1 

alreacly acti,ve SPNs but a1so to rfcr?nitS which, were ~i1ent in 

normoxi a. Recruitment of new uni W at 10w Pa02 was observed in 5 of 

the 10 strands. An examp1e of such recruitment 1s shown in Figure 11 

where samp1 es of the firing of a strand at normoxi a (pa02 = 75 mtlg) J 

when on1y a single unit was active. and in extreme hypoxia (pa~ = 

35 mniig) J after additional units had been recruited are shown. It was 

impossible to assess, in a number of multi-unit strands, the extent 
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bottom: mean arterial blood pressure, arterial pH, arterial 

(X) and alveolar (.) PC0 2, arterial (X) and alv~olar (.) P0 2, 

and mean fir1ng frequency of a symp~thetic unit. 
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FIGURE 9. Samp1es 'of the act1vity of the sympa~hetic unit from the 

experiment described in Figure 8 at Pa02s of 71.5 mmHg 

and 14.4 nrnHg. 
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-FIGURE 10. Relationship between SPN f1r1n9 frequency and Pa~ in the 

exper1ment descr1bed in Figure 8. 
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Recruitment of sympath,etil: units during à~~ia. 

The activity of tne s~e strand of the eST is shown in both 
/ , 

/ 

traces. In the ,top trace (pa02 = 75 IJIIIHg) on1y one unit 1s 

active. In~ the lower trace (Pa02 = 35 nDtg) several 
/ 

additiona~ units are active. 
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to which the increase in firing frequency of the strands was due to 

increases in firing rate of!lnits that \IIere a1rea~ active or to the 

recruitment of further units. 

2B • 

The hypoxic increase in SPN excitability was also reflected in an 
/ 

enhanced synaptic efficacy of afferent inp~t. In two experiments SPN 
/ .- 1 - ~-----

unit act1vity was evoked in the spinal preparation by electrjcal st1l11U-

lation of myelinated afferents in the radial nerve. In both cas~ the 

probabi1ity of evoking a response by sti~lat10n of the radial nerve 

increased markedly ~~O~) when Pa02 was reduced ta less than 40 mmHg. 

An example of the evoked activity of a single SPN at a Pao2 of 105 Imftg 

and 34 nBig 15 shown in Figure 12 • 
./"' 

Systemic hypoxia was accompanied by an i ncrease in mean artérial 

. blood pressure, as in the .experfment shown in Figure 8, in a11 the 

trials except two in which mean arterial pressure decreased. Figure 13 

shows the pooled data for all the experlft1ents in whi ch mean arteri al 

b100d pressure increased, expressed as a percentage of the ".ormoxic 

values~ plotted on the vertical axis against Pa~ o,n the horizontal 

ax1 s. In normox1 a the mean arterial pressure was 17 + 4 (SEM) nnHg. 

No signif1cant -change in mean arterial blood pressure vas seen in these 

tr1-ats as Pa02 was reduced ta 40 nnH9. At 40 IIIIflg PaUz an average, 
--/ 

statistically significant, increase of nearly 25loccurred. Mean • arterial blood pressure showed a tendency in sorne trials to decrease, 

after the initial increasè, as Pa02 was further reduced. This may have 
been due.to the dilator effects of hypoxia upon peripheral resistance 
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FIGURE 12. Effect of hypoxia on SPN act1vity evoked by electrical stim---ulat10n of ntYelinated afferents in the radial nerve. (Train 

of 3 square pulses, 4V <and 0.2 msec each. at 500 Hz every 

4 sec). A) Evoked activity in normoxia (Pa02 ., 105 IIIIHg):. 
1 

response probabl1ity = .Q,.26. B) Evoked act1vity in 

hypoxia (paOZ = 32 miig): response probabil1ty = 0.60. 
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Mean Arterlal Blood Pressure 
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FIGURE 13. Mean arterial blood pressure response to graded isoeapn1c 

arterial hypoxia. --Points are averages based upon 8 trials 

in 7 aeute spinal cats. Bars 1nd1eate ±. standard error of 

the mean. NU1Ierals -ind1eate levels of s1gn1ffcant dif-
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/ . 
vessels and the depressant effects of hypoxia upon the heart . ' 

(Mountcastle. 1980). Nevertheless the'group average arterial b100d 

pressure (Figure 13) remained elevated ~own to the lowest Pa02 studied. 

The increase in mean arterla1 blood pressure was apparent1y neurogenic 

as ft was almost completely aboli shed lApon alpha-adrenergic and/or 

ganglionic blockade w1th i.v. phentolamine (2 mg/kg) and/or hexameth-

onium (10 mg/kg). The response of SPN firing frequency to arter1al 

hypoxfa was unaltered followfng such blockade showing thatdt was not 

secondary to the increase in mean arterial b100d pressure. 

The ~poxic excitation of SPNs could result from an action of 

hypoxia on the SPN itself or on its synaptic input. S1nce barbiturates 
/ 

are known to depress excftatory synapt1c transmission (Weakly, 1969). 

the effect of pentobarbita1 on the hypoxic response was tested on 7 

strands in' 5 cats. T~e response- of SPNs ta arterial hypoxia was found 

to be resistant to barbiturate. The admini strat10n of pentobarb1tal in 
:; ~ 

doses ranging from 5. mg/kg to 60 mg/kg intravenously dfd not apprecf-

ably alter the response. The frequency of fjring of SPNs in normoxia ---- , 

was most often greatly decrealied (5 of 7 trials fn 5 cats) by the 

administration of pentobarbital. In one case SPN f1r1ng remained 

unchanged and in the other SPN firing' increased somewhat upon the 

adminfstratio~ of pentobarbtfa1. Howev~rt both the threshold of the 

hypox1c response and the maximal rate of firi ng were comparable, lat aH 
-,,' . 

dosages, ta those abserved in the unanaesthet1zed state. The response 

of a single unit ta decreasing Pa02 in the unanaesthet1zed state, 

. ./ . 
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after the i.v. administration of 20 mg/kg of pentobarbital, and .fter 

the 1.v. administration of a further 40 mg/kg of pentobarbital is shown 

in Figure 14. At the highest dosa~e/ of pentobàrbital this unit .5 
silent at Pa02s greater than about 35 nrilg. H~ever. the response to 

arterial hypoxia below 35 mrnHg Pa02 in the three states was allllOSt 

identical. 
'1 

.As was alreaqy rnentioned. upon the termination of hypoxia SPI 

activi ty returned, within thirty seconds, to or near the nor.oxic level 
, 

in mast cases. However, in 5 trials in 4 acute spinal ani!Di1s SPNs 
\ -

became s'flent for periods ranging, from 30 seconds to 7 minutes upon the 

termination,of hypoxia and the reoX)'genat1on of the animal. A 

reduction in' SPN firing rate below the control level was a1so noted 

immediate1y following the terminat10n of asphyxia (i.e., Figure .). 

c) Hyperoxia in the Spinal Preparation 

Hyperox1-a obtafned by ventn-âtion with lOOf, 02 for sevèral IIfnutes 
- ~ 

.(Pa02 > 400 IIIDHg) was found to be without~~e_ffect upon SPN firing 
t<' ~ 

frequency in three strands in three animal s. 

d) Hypoxia in the CNS- Intact Anaesthet1zed and Peripherall1 

Chemodener Yated P r epar at ion 

The relation between Pao2 and SPN fi ri n9 rate was al scY 
o m ' 

1nvest1gated. in 5 CNS intact anaesthetized preparations following 

peripheral chemoreceptor denervation in order to ascertain whe~! _or 

not excitation of SPNs during, hypox1a, as in th!! spinal prepar.tion, 

takes place in this preparation. A to~l-of 5 trials in 1 single 

-----_ .• _---- -
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'FIGURE 14. Response of a single SPN -t~ giaded isoeapn1c arterial' 

hypox-i-a tft the unanaesthetized sute ( A ),. following 
" , 

the adlllinfstration of 20 III/tg f.v.- of pentobarbital 

( a-). and following a c~lative' dose of 60 I19ftg 
, -

A • 

; 

1.v. of pentobarb1tal ( a ) g1\fen pver a per10d o.,~' . 
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unit strand and 4 multi-unit strands were performed. Simi1ar resùlts 

·as in. the spinal preparation were obtained. No significant change in 

SPN firing rate occurred until a PaO~,.,()f 35 IIIIIHg was attained. Below 
1 

this value SPN firing rate increased rapidly reaching a mean level of 

" approximately four times the normoxic 1eve1 at a mean minimum pa02 of 
.../ 

25 mmHg. An example of the response of a multi-u~1t strand ta graded 

hypoxia in the CNS intact and per1pheral1y.chemodenervated preparation 

15 s~own in Fi gure 15. 
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FIGURE 15. eN~ ~ntact. per1pherally chemodenervated. anaesthet1zed 

p~parat10n. Response of a mult1-un1t str.nd of the eST 

to graded 1socapn1c arterial hypox1a. ' 
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IV. DISCUSSION 
..q; 

Pfevious work has suggested that nervQUs tissue POZ may have a 

tonie influence upon sympathetic discharge in the spinal animal (Kaya & 
/ 

StarHng, 1909; Mathis~n. 1910; Brooks., 1934; .f1exander, 1945). ,SUCh a 

purported influence might p1~ a role in the Jeneration of the tonie 
/ 

SPN activity which is present after the e1imination of a large portion 

of the afferent input ta the spinal cord. However, the existence of a 

conti nuous rel ati onshi p between Pa02 and sympathetic di schar,ge in the 
/ 

j 

physiological Pa02 range has ne~er'been substantiated. In order to 

estab1ish whether or ,not such a re1ationship exists SPN activity was 

studled in a situation of graded isocapnic hypoxia and isocapnic hyper

oxia in acute C-1 spinal cats. 

In the range of Pa02s between 400 mrnHg and 40 mmHg there was no 
~ 

relationship between PaOZ and SPN firing. As PaOZ decreased below 

40. JI1l1tfg there was a marked increase in the n'ring fr~quency of span-: 
1 

tageous1y active SPNs as we11 as recruitment of previously inactive 

~nes. A11 spontaneous1y active units studied showed this pattern of 

~ res~onse. This suggests that such a response to graded hypoxia js a 

genera1 proper~ of the population studied. Exper1ments conducted upon 

CNS,intact, anaesthetized and peripheral1y chemodenervated preparations' 

showed that a very simi1ar re1ationship existed between PaOZ and SPN 

firing. Thus, SPN firing rate is not a çontinuous function of PaOZ in 

either the acute spinal or the CNS intact,~eriphera11y chemadenervated 
., 

preparation. Hawever, extreme hypoxémia (Pa02 < 40 mmHg) seems ta be 
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a strong excitatory stimulus in both preparations. 

Nervous tissue poi was not measured in the present experiments. 

However s measurement of nervous tissue o~gen tension from the surface 

J of the cerebral Cortex (Leniger-Fo1bert, 1975) as we1l as fram within 

the cerebral cortex with microelectrodes (Naïr et al., 1975; Metzger & 

Heuber, 1977) has shown that nervous tissue o~gen tension decreases 

rapidly cduring ventilation with hypoxic or anoxie gases. Recent wort 
/ 

has a1so shawn a uni formi t y of o~gen consumption within different 

regions of the CNS (Buchweitz et al., 1980). Thus, although nervous 
" tissue oxygen tension was not measured in the present experiments it 

appears very likely that nervous tissue o~gen tension decreased as the 

oxygen content of the arterial blood was gradual1y reduced. Therefore. 
~ 

a relatiQnshïp sim;lar to that described for Pa02 a~d tonie SPN firing 

probably also exists for nervous tissue P02 and, SPN activïty. 

A discontinuous relation was also found between pao2 and mean ; 

arterial blood pressure. Arterfal b100d pressure was independent of 

arterial P02 in the Pa02 range from" 400 mrnHg to 40 mmHg. Below 40 mmHg 

an average, statistically significant, fncrease of 25% occurr~d. This 

increase was neurogenic because ft was abo1ished by i.v. phento1amine 

or hexamethonium. The increase in mean arteria1 pressure was not 

1ikely due to a significant release of catecholamines by the adrenal 

medulla of itse1f since neither hypoxia nor asphyxia have been shawn ta 
t . 

have such an effect in t~e denervated adrenal gland (Cornt;ne & Si1ver, 

1961, 1966; Bloom et al., 1976. 1977). The similarity between 
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cervical trunk SPN and arterial blood pressure responses to hypoxia ---suggests that the findings in this small sample of units from the eST 

must apply to a large part or the whole of the ~ardiovascular SPN 

population in order to account for the 1ncreases in arterial blood 

pressure. The dlscrepancy between the ten fold increase in SPN f1r1ng 

and the mote modest increase in mean arterial blood pressure of only 
/ 

25% May well be due to the effects of hypoxia upon'the peripheral 

circulation and the mYocardium (Mountcastle, 1980). 

The present observations also indicate that while the administra

tion of anaesthetic doses of pentobat~ital/(Barnes & Eltherington, 

1966) drastically reduces or abolishes tonic SPN activity in nor.oxia, 

in most cases, it does not change the responseto arterial hypoxia. 

Comparable doses Qf pentobarbital have also been shown to abolish the-

. somato-sympathet-ic reflex mediated by spinal and supra-spinal pathways 

(Sato et al., 1965). Stuàies of a number of anaesthetic agents, 

including pentobarbital, have shown that their depressant effect upon 

the monosynaptic reflex of lumbar motoneurons is mediated presynapti

cal1y through a decrease in exc1tatory transmitter re1ease (Weakly, 
~ 

1969; Zorychta, 1974; Zorychta & Capek, 1978). If the same mechariism 

appl1es to the SPN, the reduction by pentobarbital of tonic SPN 

activity in normoxia is 1ike1y due to a reductiDn of excitatory 

afferent=;nput to the SPN's. The~fore, the persistence.without change 

of the SPN responseto ~rterial hypoxia under pentobarbtta1 suggests 

that this response 1s nDt dependent on excitatory afferent input. 
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In two strands of the eST it was found thût the probability of 

evoking a response by radial nerve' stimulation was markedly increased, 
./ 

during extreme hypoxia (Pa02 < 40 mmHg). This increase occurred in/the 

Pa02 range in which an increase in tonie SPN firing was observed. Such 

an increase in synaptic eff1cacy may be a ~flect1on of an 1ncrease in 

excitab11ity of the soma-dendr1t1c ~n. 

Intracellular recordings From various mammalian neurons has shown 

thal during asphyxia or anoxia a 9radu~1 depolarization occurs a~ a 

rate of i to 6 mV/min (Kolmodin & Skoglund, 1959; Col1ew1Jn & Van 

Harteveld, 1966). Experiments condu~ted upon autoactive invertebrate 

neurons by Ch'alazonitis (1963) indicate that a decrease of intra

cellular P02 from la to 3 mmHg 1s suff1e1ent to cause a large depolari

zation of the membrane as well as a large increase in firing frequency. 

As was reviewed by Ritchie (1973) the main source of energy for active 

Na+ - K+ pumping in nerve is oxidat1ve phosphorylation. Inhibition,of 

this(~ping by hypoxia may exp1ain, at least in part, the neuronal 
+ + depolarization although ass~ of 1ntracel1ular Na and K provides 

evidence a1so of a generalized i,ncrease in membrane permeab11it,Y' 

(Segal, 1970). Thus, a. possible mechanism~ the observed hypoxic 

excitation of SPNs could be a sustained depolar1zation ~f' the neuron 

--membrane resulting in increased excitability. This would be reflected 

in enhanced efficacy of synaptic input. If th1s mainta1ned depolar1za

tion exceeded threshold repetitive f1r1n9 of~the SPN. that was rela-

tively independent of synaptic input, might·oeeur. 
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On termination of hypoxia and reoxygenation SPN firing returned to 
/ 

or near to normoxic control level. This reaqy rever~ability of the 

response as well as i~s repeatability for a particular strand indicates 

that the high levels of activity seen are hot due to irreversible 

neuronal damage. 

The silence seen in sorne strands following asphyxia or1Ufpoxia 1s 

remin1scent of the decrease in sympathetic activity wh1ch has been 

noted fol1owin~ asphyxia in the CNS intact, anaesthetized and in the 
, ~51 

acute spinal animal (von Kehrel et al., 1963) 'as well as following 

periods of hypoxia in the CNS intact anaesthetized and,peripherally 

chemodenervated animal (Gregor & Janig, 1977). A transient hyper

polarizati'on of neurons innediately following the term1nation of 

asp~xia or hypoxia has been rep~rted bath ~ vivo (Kolmodin & 

Skoglund, 1959) as well as 1rr vitro (Lorente de No, 1947; Lundberg & 
,.. 

Oscarsson, 1953; Segal, 1970). The results of Lundfierg (1953) indicate 
, / + 

that this hyperpolarization 1s a result of e1ectrogenic Na pump 
. + 

~ctivity due to the accumulation of Na intracellularl~ dU~'ng anoxia. ~ 

Thus. the observed decreases in sympathetic activity might wel1 be due , ' , 

to a hyperpolarizatton of the neuronal ~embrane, leading ta a decreased 
1 + 

neuronal exc1tabil1ty, caused by'an electrogenlc activlty of the Na 

pump consequent to the i~trace11ular load produced by a period of 

hypoxia. Hyperpol'arization due to eleçtr,ogen1c Na + extrusion following 

repetitive f1ring has also been hypothesized as a possible mechanism 

for the silent period of SPNs fOllowing ant1dromic dr1ving (Mannard 
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et al., 1977). A1ternatively, it is possible that a large increase in 
+ extracel1ù1ar K , consequent ta a period of hypoxia and repetitive 

firing, mtght cause sufficient depolarization of afferent terminals 

synapsing onto the SPNs to significantly reduee theïr transmitter 

rellêase thus reducing tonie SPN firing. Depolarization of afferent' 
+ 

terminals due to increases in extracellu1ar K has been suggested as a 

~ignificant component of ~~synaptic inhibition (Krnjev1c & Morris, 

1972; ten Bruggencate et al. J 1974)'. 

Graded isocapnic hypoxia was seen to have qual1tatively similar 
, 

effects upon tonié SPN firing in the CNS intact, ana~sthet1zed and 

peripherally chemodenervated preparation as in the acute spinal prepar

ation. The similarity of the responses to hypoxf~ of SPNs in the 

spinal preparation and the CNS intact peripheral1y chemodenervated 

~ preparation suggests tQe possibility that the spinal acti9ns of hypoxia 

may form an important part of th~ overal1 sympathet1c response in the ~ 

CNS intact and peripherally chemodenervated preparation. 
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The material P!~sented in the RESULTS section of this thesis is 

original. 
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