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Tha electrical activity of phrenic nﬁdwrccurranc }aryng;al r’noc‘b—m .
neurons was recorded during activation Qof urinary bladder ajfc’re'ptu -
11'1 Nembutal annsth.tiud;Qparnlyud. artificially ventilated cats.
Diltension\ or spontaneous neurogenic contte(ction of the bladder
decreased the amplitude mé- frequency of the burst l;:civity in th‘un
m:) ncrvu..; The decrease in frequency was due mlniy to a prolonga-
tion of the interburst interval (duration.of expiration). ’ 81n;ilur
effacts were observed during low er;;(unncy clcc‘tricll stimulation ?&'
of pelvic n;rva afferents with conduction 'volocitiu in the A gamma-
dciu range. Contraction or distersion of the bladder in spontaneously
affarents increised tha samplitude of the burét activity in these tvo
nerves. These results suggest an action of bladder afferents on the
bn’inlut'n'o-cill'ntor controlling respiratory frequercy and drivae.
Excitatory and inhibitory eifeét;- of bladder Afforcntn c;n phnntctmo‘tn-

Iy
neurons through spinal circuits were demonatrated in acutaly spinalised

C
cats. ) ,
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i.'nqtivltl Jllectrique" des mbtoneuronaes phréniqlfu“ et laryngés

»

récurrents a &cé enregistréa pendant 1'activation des afférents .

"visicaux chez le chat- anasthésis, ‘pn"rﬁyn! et ventilk artificielle~ )

ment. La distension ou la contraction neurogénique spontanfe de la "
vissie a déclénché une diminution de 1'amplitude et de la fréquence

de 1'activité des 2 nci‘fc’. La diminution de la fréquance a té causé

e

le plus souvent par une prolongation de la durfe &xpiratoire, Des
. Br

affets semblables ont &té ob‘ur’v&- pandant la stimulation €lectrique

,8n basse fréquenca des afffrents du nerf pelvien avec une vitesse ‘de

conduction dans il groupe des A gamma-delta. La.contraction ou la
distension de la véssie chez les a?imuxt&ulpiu'nc,u‘pon:'nnimant ‘ou

la ntinulu:’io"n an haute fréquence de nerf pilvie;; ont augmenté ¢«
1'm?11tud| de l'activité des 2 nexfs. ‘Gn tésultats li\gglunt une
action des affrents vésicaux sur 1‘8-5i11a:nur médullaire qui contrfle
la Irfquence et la commands rhpinto:lri. Das ﬁc!!gu ;xg‘itlcoufs et

inhibiteurs npin/anx dds afférents vésicaux sur las motoneurones

)

phréniques ont &té démontrés chér le chat spinalisé.
f
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This thesis presents an analysis of some of the reflex effe/c,t;

- ) on raspirauon originnting £rom the urinary bladder. .Thcre are

uver/al qualitative analog:las between the effects on reupiration of

.
>

Lo - bla&der affemnts “and of othcr abdominal visceral afferem:s, suggest~
,1;\3 a -comihon mechanism of action 1n t.he CNS. °The survey of the

11tera;ure ,will therefore include all abdomiml viacgtul afferent,é.

U BT e pn AT B ~ B
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- %
. > Those From thé Urinarz Bladder .

: “ ‘ By r.he catly pn: of t'hia century, saeveral reports had appearcd
| . - {n the literature dencribing inhibi:ion of relp:l’ratory acciv:lty in .

. om ’ experimental animals during distanlion or mnnipulation of abdomiml

L}

(‘ . viscera: Dia:enaion of the bile ducts (Davis et al.. 1929) or of the

intestine (Crcwley, 1961). or tragtion applied to variou: abdominal

. viscera (Buwer et nl.. 1934; Brewer and Bryant, 1935. Rceve et al..
Al >~

1951), caused apnea or depression of respiratory movemehts which was |

: " abolished by u;:lnnehnic nerve section (Davis et al., 1092?; Brewer and o
_Bryaht, 1915; Crowley, 1941). sm:ll’nr‘dei)ruuogt'ﬁf respiratory move-
\u/nto coulc'l be evoked by electrical neim}xhtion c}t’ splanchnic nerve
afferents (Guhafn. 1881; Brewer et al... 1934;' 'Hu;tin et al., 1942);
| Similar effecta have bgcn reported £or‘mntpuhtion of abdominal - ’

viscera in humans undergoing abdominil surgery (Rovenstine and 7

(\) . - A L 4 ‘ . s;ﬁ
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muscles both in the CNS-intact cat (Yamamoto, 19§1b)dhd in the acute

'
N . ‘ " ¢ .7

~ ) ¢
Hershenson, 1938; Reeve, 1951). As in experimental aniﬁnln. electrical
- / ’ %

stimulation of the greac;r upl;kchnic nerve in humans evokes apnea ,
(Kruta et ;1., 1950) , Inflammation of the vicqg:a peems to enhance
the deﬁ%egs;nt effects of manipulgtion (Reeave, 1951).

The above observations were pafalleled by physiological axpérimantu

aimed at explaining the genesis of visceromotor reflexes associated

with 1nE;;;inal trauma (Downman and McSwiney, 1946) or abdominal inflam-

mation.” Manipulation of the intestine in cats with acute spinal tran- A
section at Cl caused contraction of the"abdomina% muscles (Downman and

" MeSwiney, 1946) . Electrical stimulation of afferents of the greater ) ’,

»

Qplanchnic nerve was capable of exciting inspiratory and expiratory

\

spinal cat (transected at Cl, Miller, 1925; transected at Tl, Downman,

1953). Recordihg of  the volley evoked by splanchnic afferent stimula-

. 8
tion (Downman, 1955) ghowed that A gamma and delta fibres were respons-

¢ \ b

ible for these reflex effects. !

These observations suggest that one possible explanation of the

o
¥

reupiragorf depraasion evoked by distension or manipulation of abdominal\
viscera is that it may result from sustained contraction of inspiratory

I

and/or gxpiratory muscles. Tonic contraction of the abdominal muscula- \
ture would oppose the dowgwa?d excursion of the diaphragm and in con=- ° \
junction with the tonic contraction of the intorco.;u% mnlclfi would =~
also decéeane the compliance of the chest wall (Campbell et al., 1970)

and would therefore dicrea-e tidal volume or cause apnea. In this case,

the respiratory depression would be dus to a spinal reflex since
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. that this neural occillueor provtdcn to spinal rnuplrltaty motonqgronl.

con;ructioh of the }egpiracory muacl;- ;ouid bn\obtainedﬁieﬁ’piﬁal -
animals either. durins\manipulntion of the intestine or during electrical
stimulation of splanchnic nerve affcrenta.

There is considerable 1nteraegmenta1 spread of the pplanchnic

afferent input in the acute spinal cat (Fig. 1), which accounts for

the widespread activation of reapitatory muscles by stimulation of
. W v
splanchni¢ nerve afferents, Thia wide 1ntaracgmencal dis:ribution
is dux\partly to 1ntraspinal pathways and parcly to an extrAUpinal -

B <

pathway.in the sympathetic chain. The role of these spinal reﬁlcxesl ‘
in the intact anitul is not cleur. These reflexes are either conlid;r- .
ably attenuated or absent in the decerebrate praparation (Alderson and
Downmaén, f966)f This suggeats a tonic inhihitory influence of the
brainnt;m onto these spinal circuits. Alderson and Downman were able
to show that stimulation of sites within the ventiomedial medulla
inhibited these reflexes, while.lclio;n of the same sjites ;n the
decerebrats preparation led to a facilitation of these reflexes limil;r
to the release seen following spinal transection. In the annosthatiq;d.
CNS intact cat these reflexes are not atcoﬁua:od. ' ‘
The respiratory depression evoked by distension or manipulation -
of abdominal viscera could xlterpa®ivaly be due to an action ;f splanchnic
visceral afferants on the respiratory dscillator in the brainstem. The
apnea would then result from ths oupgfulnion of the excitatory drive \
Mg |
Evidence for this action was only racently p:ovidld by Garnier and
Albanc (1978) in the CNS intact cat. \a;cetrtc;} stimulation of low

s ' . e
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ure 1. Taken from Downman,1935. Electrical stimulation of
RS splanchnic afferents evokes roflex discharge of inter-
costal nerve effaronts in cats spinalised at Tl. The
bop reflex h attenuated at more rostral spinal segments.

4) rol’hx fecorded from T4' intercostal ‘nexve
6) uﬂcx recorded from T6 inureouul nstve
10) reflex recorded from T10 intnrccnul nerve

N " . Intensity of stimulation applied w _splanchnic nerve u
tha same S.n all three cases. X

' . .
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( \ threshold nph!nchnic viuc-réi afferents inhibited medullary inspiratory

neurons and excited medullary exgiratory neurons. Some of £hese neurons
‘ N )]

= ~
vhave been shown to préject to those areas in which spinal respiratory

v

) -
motoneurons are loba:qd“(nlanchi.o 1971) ., Others; which do not project
v . . !
to the spinal cord. are thought to be involved in the gensration of -the

. - J
respiratory rhychm. Repetitive stimulation of splanchnic afferents does’

1

depress the inspiratiom—nyncbronoua ac:ivity of phrenic (Garnier and
Albano., 1977; Kostreva et al., 1978 Prabhakar et al., 1978) (Fig. 2)
and external intercostal motoneurons (Kostrava et al., 1978) « The ™
afferents madinting this response have conduction veloc:l‘t:lu in the A
gamma and delta range (Kostreva et al., 1“978). The ob:prvntion that

the activity of two pools of inspiratory motoneurpns is depressad

3

suggests an a_ctiqn of splanchnic afferents on the common input to both

po‘ola, i.e., the descending excitation from the respiratory oscillator.

S ~

Repetitive stimulation of splanchnic afferents also dscreased

. s \ .
respiratory frequency (Prabhakar et al., 1978). Brief trains of stimull

delivered during inspiration shortened inspiration and prolonged the®

subsequent period of expiration. Similar trains, d&liypu\d during

axpiration, prolonged expirat{tn without affecting the subsequent inspira-

tion, Repetitive stimulation of lympnthctié chain afferents (T?-T9)\

- ~

has been shown to selectively prolong expiration (Kostreva et al,, 1978).
& ’ e 7

These modifications of respiratory’ friquoncyq suggest an action on the

respiratory oocilhﬂ}r (see DISCUSSION) . ‘ R

\ To lummnrin. splanchnic abdominal afferants hwc t:wo nffacn on”

spinal respiratory motonsurons: 1) cxcitntion of both i.nlp:lntory and
7 \ -
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.
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expiratory motoneurons through a spinal circult and u)’ depression
‘of inspiratory motonaurons thro;xgh an inhibition of medullary inspira-

tory.neurons and a prolongation of expiration through an excitation of

R

medullary éxpiramr\f neurons.

’ Investigation of other groups of visceral afferents showed that
A‘ gamma-delta afferenta in tha dorsal and vo,nt:ral ansa subclavia have
effects similar to r_l;pse of splanchni¢ nerve afferenta on phrenic
nc;:ivit:y (Kostreva et al., 1978). However, n}m generalization that
all visceral afferents have similar eqffect:n on respiratory activity

cannot be made since neither renal nor melhr’n:nric afferents (Koa:réva

at al., 1978) ﬁad an effect on phrenic activity.

[N -

2) iratory Effects of Urinary Bladder Afferants .
- a ~ o . o ]
: The rupifatory cffects evoked by bladder afferents seem more .

! variable than those evoked by splanchfiic afferents. Manipulation of

the urinary bladder or urethra in decersbrate cats (Barclay and

A ¢
4

Franklin, 1937) or lpontaneou; isometric bladder contractions in the

<,

decorcbut‘ or araesthetised cat (Mallanby and Pratt, 1920) caused

contractions of abdominal muscles and diaphragm, but from their data
it is impossible to infer how respiration \;ll affected. §1addtr &1;-
tension causad an increase in respiratory frequency end ch‘nt excursion
in am'io:htféined cats (Watkins, 1938: M\;khorju.‘ 1957} Evans and
McPherson, 1959). In some cases decreases in chest excursion and .
respiratory rate ware :gihrvcd (Watkins, 1938). .

) Many afferents from the urinary bladder are found in the pelvic n ) b

0 . 1
P L TS AT ML T ;a&atémw{m%em&.n*:{?zé

1 AkEERs o
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Fu. 1. Kymographle records of nbdoml?}\prmure changes l‘ollowlnn stimulution
of iplnnchnlc and pelvic nerves, Upper row. responses to stimulation of splanchnic
_nerve. Bottom row, responses to stimulation of pelvic nerve. Number below euch
record Indicater (requency of stimulation per second. Square waves of t-muec dura-

tion and 4 valts were used. Stimulution was continued for 10 sec. Benlnnlnn and
cessations of stimulation are shown by arrows. Time scale, 10 sec.

-

Taken from Yamamoto et-al., 196la.

Rigure 3.
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(‘ i ' narve ({Langley and Andarson, 1896; Langworthy et al., 1940) iﬂgctﬂ- :
cal stimulation _of thnu'nfhrn{tl 1nfrnnd the EMG activity of th? |
diaphragm, abdominal muscles ‘and intercostal muscles (Yamamoto et al.,
1961b) . Repetitive stimulation Jof palvic nerve afferants (10-30 He)
evoked a sustained c'o'ntraction of these mhnclel with a resultant
increase in intra-abdominal pressure (Yamamoto et al., 1961a) (Fig. 3).
This reflex wvas mediated by afferents with cond\;ction velocities ¢
between 12 and 25 m/sec, whichvuctivated a spinal~bulbospinal circuit. .
- The uc?nding path of the reflex was found to lie in the dorso-
- lateral funiculus of the white matter of the’cord with sxtensive cross-
ing in the segmants below L4, The reflex centre was found to lie _
between the ala cinerea and the caudal modul'lary' border (Yamamoto and
Araki, 196\3). The descending path of the reflex wais localised ko the
ventrolateral funiculus of the white mntt’u' of the cord and could be
intcrrup{;a_w,ithout abolishing respiration. Transection of the spinal
uc:cu:d at the caudal border of the medulla abolished the increass in
intra-abdominal pressure evoked by stimulation of pelvic nervs

aﬂorgnn . P

The pro ies of the afferent limb of this reflex closely

Bladder afferents in tha palvic nerve have similar conduction veloci-
i [ 4

ties (Winter, 1971) to those pclvié‘ afferents which causs sustained .

/ . . :
increases in intra-abdominal pressure (Yamamoto, 196la). Pelvic

bladder afferents which convey the sensation of bladder fullness have —  /

"

been localised to tha dorsolateral !\;n:lculul in cats (Barrington,

¥

(\ 1931) and in humans (Nathan and Smith, 1951). Thess afferents also
' 7 . :

1l
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undergo extensive crossing in the lower lumbar spinal cord (Barrington,

1931). It therefore seems }1kcly that a large.portion of the reflex
. ¥

" described by Yamamoto is caused by activation of bladder affergncg

vithin the pelvice nerve. il
I1, AIM OF THE PRESENT STUDY ‘ B

.
a

?
The present study was designed to evaluate the effects of urinary

bladder afferents on respiration. ‘Previous investigators have r¥ported
both increases and dacreases in the amplitude -and frequency of respira-

tory movements during bladder distension (Watkins, 1938; Evans and
"

McPherson, 1959). Since these studies were parformed on spontaneously

4

breathing animals, 4t is possible that some of the effects observed
on respiration were the result of compansatory feedback from chemo-

raceptors and pulmonary stretch receptors. Morsover,it is known that
L

bladder afferents make reflax connexions with sympathetic preganglionic
peurons (Mukherjea, 1957b) as well as with/\ﬂ/phon (Evans and McPherson,

1959) and garma (Evans, 1963) motoneurons. It“ is therefors possiblea

—

that some affnc‘tn of bladder afferents on respiration were secondary

to the activation of these neural systems. '

In this study=an effort was made to ruls out those reflexes which

&

way have been responsidble for the indirect effects of bladder afferents

.on respiration. Respiratory sctivity was studied under open l.oo:; coﬁ-“

ditions by using a preparation that was plnlyud,'ntiﬂci'nl_ly vanti~--

lated and in most cases vagotomised. The slectrical activity of phrenic

and recurrent laryngeal motoneurons was used to evaluate the dirdct

b
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effects of bladder affarents on respiratory activity. Systemic
artarial pressure was recorded apd the contribution of fluctuations
in nrtorinluprelﬁuro during activation of bladder afferents to the
effacts on respiratory activity was assessad.

ﬁN\Q&:’? The study was directed at answering thaafollswing questions:

o

1) What are the effects of physiological activation of urinary i
N~

1

1

bladder afferents on respiration?
i1) Do bladder afferants glve«an effect on both the spinal-and supra-
spinal circuitry involved in respiration?
111) What are some of the properties of the afferents mediating the

sffects on respiration?

-
&y - 3

In comparison with other abdominal v{lccrug afferents, bladder
afferents can be activated experimentally with relative ease by phyaio-
logical stimuli.such as contraction or distension as well &as by |

electrical stimulation as has been done with #planchnic afferents.

a
4

e

'
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The experiments were pc;!momd 'on 27 cats of aither sex., The cats

£

woero anaesthetised with an inttaperitoneal injection of Nenbutal (35 mg/_kg)

! which was supplemented ‘intravenously “uy uqfxiud. In 2 additional experi-

ments the cats were anaesthetised with ether, and their spinal cords
transected at Cl. Following anaemic decerebration by occlusion of the
carotid and vertebral arteries, tﬁ-ﬂ anaesthesia was dincoﬂtinued. Trache=-
ostomy was performed. The femoral ytte;y' was cannulated nndAsyatamic
arterial pressure (SAP) conéinuoully‘rccordcd: Rectal temperature was
monitored and maintained between 36 and 38 degrees C by the use of a
heating pad and infrared lamp., The urinary i:lnddcr was approached through
a midline abdominal incision. Two polyethylene cannulas were inserted
into thi bladder via the upnt:hra and ligated in/ place. One of these two
w;l used for recording ‘intravesical prulux:e (IVP) and the other for fill-
ing the bladder with phyoio'logical ulfm (Fig. 4).,

' In most cases, the,bladdor vas slowly f'illad and IVP recorded tnng}er
conditions of constant voim. i.e., no nvneunvé:l.on of bladder connnt:”;

was permitted. Figures 5 and 6 are examples of the bahavior éf the
bladder éuring the slow{ filling. As can be sean from Figure 6, slow
£filling was nomat:imn associated with small rhythmic ﬂu@:‘tuntionin’,é«' in IVP
whi.cit increased in fresquency as filling progressed. These small rhythmic
fluctuations are most likely dus to myogenic contnctip’n; of the bladder., '
Thease contractions are :hoﬁgﬂt to be myogenic since thay are n?t abolished
b): section of both the pelvic and hypogastric nerves (‘Plun. 1?60) + Once
micturition threshold was reached howaver, large rhythmic lpo"lnun-ou- }
bladder contractions (SBCs) developed. niu-»ssc- ara nbt;up’l\cd by spinal

' ! 1
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’ . / Saline
‘ Reservoir

° ¥

Bladder

of

Drain

o I3

, . o»\ .
Figure 4. _Apparatus used to maintain :hu bladder under conditions of
constant volume or constant pressure. Intravesical pressurs .
(IVP) was monitored in situ. The bladder could be connectsd >

v to thé large saline reservoir and diastended to a constant

IVP or altarnatively, the bladder could be slowly filled in
steps and IVP recorded under condttiom of constant bladder
voluma,
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Changes in intravesical preisure during slow filling of the
bladder. The intravesical pressure is recorded under con-
ditions of constant volume. A large spontansous contraction
develops after the final injection of saline into the bladder.
Note that the baseline intravesical pressure changed very
11tele although 29 cec of fluid wera injected befors a
spontaneous countraction was produced,
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Figure 6. Small rhythmic fluctuationsin intravesicalpressure (IVP)
. . sometimes develop during slow filling of the -bladder.
These IVP changes are most likely due to myogenic con-
tractions of the bladder. As filling of the bladd
progresses, the frequency of the myogenic contractions
increases until micturition threshold is reached and a
spontanesous bladder contraction develops.
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transection above S1 (De Groat and Ryall, 1969) or by section of the

pelvic nerves (Mellanby and Pratt, 1940). Once obtained, the SBCs
continue at a constaﬁt rhythm without further filling being necessary.
In our experiments ;he SBCs occurred with a mean frequency of

0.53 + 0.33 contractions/min. The mean peak IVP was 47 * 9 mmig and
the mean duration of a contr&;tion 62 ;_17 seconds. In some cases the
bladder was dist;nded and maintained under conditions of constant .
pressure by connecting it to a large salinelreservoir which could be
raised by variable amounts thereby varying IVP (Fig. 4). The term
diefénsion will be used in the text to demote the maintenance of the
bladder under conditions of constant pressure. ’ '\

In ;EEX cases the animal was paralysed with gallamine -(Flaxedil)
or pancuronium .(Pavulon) and veﬂtilated un?er positive pressure.

End tidal CO2 was monitore; with an infrared analyser and maintained
-batween 3.5 and 4.5:2 In manv'cases bilateral vagotomy was .performed
to ;liminnte locking of the phrenic neural discharge to the respiratory
pump cycle. Since the axons of recurrent laryngeal mo toneurons -run in
the vagus, vagotomy was nét éerformnd in thoge cases in which RLN
‘activity was to be recorded.

The phrenic and recurrent laryngeql nerves were identified and
isolated in the neck. jpe akin flaps of the open wound wu?e,thgn :
reflected to form a pool.. The nerv;s vere immersed in par‘ffin oil,
desheathed, cut and'thair central ends plﬁced on bipolar silver hook
electrodes for conventional recording (amplificationm, 20,000°X, low

frequency, 30Hz; high frequency, 10KH:z). y

The low frequency SAP and IVP signals were frequency modulated

l
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and, together with the electrical activity of the phrenic nerves and
RLN, recorded on mégnaéic; tape. The recorded‘@aignhla were subsequently
played back off line and filmed. In some later e'xperime'nta, SAP, 1VP,
and the integrated electrical activity of the two nerves wére also
displayed o'n J:ine on ; curvilinear pen recorder. ‘ @

Both the phrenicﬁ nerve and RLN discharge were half-wave rectified
and :lntegut/ggk,usiné a '}leaky" RC circuit with a time cons tant of 100
msec. The duration of the inspiratory phase of the respiratory cycle,
Ti, was measured from the rapid onset of phrenic nerve activity to the
* sharp decay in activity. The duration of expiration, Te, was measured
from Eéhc sharp decay in phrenic activity to the subsequent onset of
activity: The peak amplitude of the integrated phrenic dilq-mrge and
the r;:,e of rime of the phrenic activity (slope = peak amplituda/'ri')’
were also measured. The Wilcoxon 2 sample test (Rumke and De Jonge,
1964) was used to test the significance of the changes in T4, TL
amplitude an\d slope during the various experimental procedures. The
Spearman test (Rumke and De Jonge, 1964) was applied to determine
whether there was significant correlation betwaen any of the phrenic
parameters measured. -

In two experiments the hypogastric nerve (Fig. 7) was approached
via a midline abdominal incision, identified at the level of the
inferior mg_em:eric ganﬁiion. and prepared for gsection at some point .
during the sxperiment. In cases in which the pelvic nerve was stimu-

4

lated, the pelvic nerve was approached dorsally and isolated in the

\ , )
lumbosacral plexus. The nerve was placed on silverxr hook slectrodes

and atimulated under paraffin oil with square pnhn‘og varisble voltage
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Figura 7. Taken from Langley ‘and Anderson, 1896, Pelvic plexus of
a male cat. The pelvic nerve originates in sacxral
spinal cord, (S1-S3), the hypogastric nerve e lumbar
- cord (L2-L5). Both nerves contain mechanose ive
s bladder afferents. . 2 .
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( and a duration of 0.2 msec.

-

) In four additional experiments, designed to evaluate the condiction
velocities of pelvic nerve afferents, a lumbosacral lnmina‘ctonw was J
performed. The animal was rigidly fixed in a stereotaxic frame, and
the S2 and S3 dorsal roots were isolated, cut, and placed on silver

hook electrodes. Recordings were then made under oil from the dorsal

- \- roét exhibiting the -largest evoked volley to pelvic nerye stimulation

. and the conduction velocities of th7 pelvic afferents wére then J

\
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e : dccrnue in phrenic amplitud.. ‘mc decreas

; Vv, RESULTS

» -

1) Act{vi of Ina irato, Mot:onéu*rona 1n Paralysed Ani lé Durin

Physiological Activation of Bladder Aﬂeran

D
f

¥ - . ” e ot ' *
e q(teécu; \ﬁovalumntric SBCa'on phrenic activity were assessed

in il cata. The peak amplitude of thulintagra‘tnd phrenic activity

decreased in 9 of 1] expetriments durfng SBC (Fig. 8), thewmun maximum
decrease being ‘18X (range 4-30%, p < 0 005) . In all of these casés,

there was a lignificnnt decraue in the slope of t:ha integrated phrenic

-

activity (p< O, 005). The detrease in amplitude was positively correlated

‘with the decrease in glope during SBC (p < 0.005).

°

_ The time "coprpa of the depression of phrenic amplitude tended to
. by,

parallel the time course of the agsociated SBC but the amplitude usually

»

raturned to control befora IVP did.,” The depression began during the

increua in IVP, usually bafora ‘the IVP was half maximal. The peak

' o

decreaw& in phrenic amplituge occurred oither dut:l.ng the rise in IVP

‘or during the maximunm IVP and returned t:o control values during the

o

decay in IVP, . .
Reap:lratovtglr trqqueney decx:agud during SBC in 7 o 11 experiments.
;I'ha"decrehae in fraq'ue;\cy vas due u'og.ely‘tzo *‘n\_igihi'cauo Te in 5 cases
and to an 1nct;a;e in lzoth Tq.. and Te iy the ?emainit;g 2 Cases, ‘ The-
magnitude of the peak increase in Ti ?rn 13 and ?3% respeqéiygly (p < 0.005).
The moanapnak'incr‘can in Te \}u\"zsx (range 4-43%, p < 0,005), In the .
11&. can shown in Figurq 9, both Te and Ti increased during sac) ) The

\ /uu coutu o! tCT& affect wn quanutivily similar to that of the L
x .

in amplitude and frequency
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Pigure 8. Depreu:lon of the peak amplitude of the integrated phranic

" activity during a spontaneous bladder contraction. The 2
contour of the amplitude depression parallels the IVP i
contour. Record was taken from an animal with ‘vagi intact. B
PHR - 1ntcgraud phrenic activity; IVP - intravesical ,p"rusurni 7‘
SAP - systemic arterial pressure. ) #;

wi

° " h - o \ N é&'




A

e e et et

]
. : S
L
&
SAP . .
100 ~
mm :
He /
o ~
[ FOSPRS— ) !
imin

LN

Pigure 9. Decrease of respiratory frequency during SBC. The decreased

frequency is due in this case to increases in both Ti and Te.

Record taken from a vagotomised animal. (

PHR - 1nt:egrat:ed phrenic activity; IVP - intravesical pressure;
SAP - gystemic arterial pressure, .
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( | \ during SBC could be obtained simultaneously (jr‘ig. 13) or separately
(Fig. 8 and 9).
The response of RLN wotoneurons to SBC was similar to that -described
for phrenic motoneurons. SBC was effective in decreasing the inspiration
synchronous discharge of the RLN as well as in 1n;reasing Te (Fig. 10).
Distension of the bladder was alao capable of decreasing phrenic
y / - - lmpli.;Cde (Fig. 1l1) and fréquancy. In cases in which it was impossible
to elicit SBCs by slow filling, distension of the bladder was '3:11’1
effectiva in altering phrenic discharge.

* o It lumu likely that the dnprenion of ?hrenic lmplitude and

' frcqucncy rc-ulta fron activation of bladder afferants which occurs

b t during SBC or distension (Iggo, 1955; De Groat and Ryall, 1969; Winter,
1971; Floyd et al.,, 197¢). Some of our observations are consistent with
cha view that«pladder wall tension, rather than IVP, is tha stimulus

i activating the feceptoru of those bladder afferents wvhich modified phrenic

and RLN dischaxge. Figure 12 is an example ofla case in which an
abnormally long SBC caused an unusual increase in Te from 3 to 6 seconds.
The first noticeable prolongation of Te occurred at an IVP of 14 mmHg.
After withdrawal of 15 cc of fluid from the bladder, the subsequent SB»C
caused an-increase in Te only at an IVP of 30 mmig. If Laplace's J.lww

- for a sphere can be applied to th/e bladder, then a decreased intrwilmical

volume and ;he' same bladder wallk’coﬂnsion would be expscted to produce a .
greater IVF, This would explain the increase in IVP _nq.dcd' to gansrate ’

a Te :lncrnu after fluid withdrawal. The same peak IVP caused a grntcr

‘dncrease in TQ during the first SBC _Since the intravasical volum was

L ‘ i V4 N &
y T
. ’ ’ \

larger during the first SBC, more tension must have basn gcnantud within :
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Decrease in the amplitude of the inspiration-synchronous
discharge of the recurrent laryngeal nerve (RLN) coincid-
ing with the decrease in phrenic amplitude during SBC.

PHR =~ :l.ntagra;nd phrenic activity; RLN - integrated
recurrent laryngeal nerve activity; IVP - intravesical

pressure.
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Figure 11. Decrease in the amplitude of integrated phrenic activity
during spontaneous contraction or distetrsiow (DIST) of

d \ the bladder. Record from a vagotomised animal.

PHR - integrated phrenic activity; IVP - intravesical
prassure; SAP - systemic arterial pressure, .




e e e RIS,

Y A T Cgan

RT3 s

PR
8

'

o i e oy o s i NN Vb Mg e

NETRAA RN TR P o 4 W e g A M o e

26

®

the biadder wall in order to maintain an IVP identical to that of the

®

second SBC. The fact that distension of the bladder is also e‘ffec tive

'in altering phrenic activity ou'ggeats that bladder tension receptors

respond to tension in the passive elastic elements of the bladder, as

“well as to the activation of the contractile elements which occurs \

during SBC.

In several cases, contraction or d:l.ste‘nsion of the bladder increased
systemic arterial pressure (SAP) between 5 and 10 mmHg. The contour of
the SAP increase was similar to the IVP contour (F:l.g.~ 13), but usually
lagged behind the IVP by 2 - 5 seconds.* The increases in SAP are
reflexly mediated by bladder afferents in both the pelvic and hypo~

gastric nerves (Watkins, 1938; Taylor, 1968), and can be evoked in
) i

both CNS intact (Mukherjee, 1957b) and spinal prepax"ntions (Mukhe;'jea,’

1957a). It is unlikely that cardiovascular afferents which may have

been activated during the rise in SAP were mainly responsible for the

effects of SBC or distension on phrenic activity. In many instances
B

|
similar reductions in phrenic amplitude and frequency were obtained in

the absence of an inéreasé in SAP (Fig. 7 and 8). Moreover, intra=- .,

venous injections of a pressor dose of noradrenaline or a saline bolus

did not mimic the effects of SBC or distension on respiratory activity

(Fig. 14). . , :

In order to rule out the possibility that the changes in respira-
tory activity were due to deform”tion of neighbouring uruc‘tureo by the
bladder, the observations during SBC or distension were repeated in
2 animals with an open abdomen. ., In these experiments, Tesults a:l;uihr

to those obtained in the closed abdomen preparations were observed.

1 —o
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Figure 12. “Effects of SBC on respiratory frequency at 2 different
bladder volumes. The first SBC caused slowing of
respiratory frequency at an IVP of 14 wmHg. Withdrawal .
of 15 cc of fluid caused the bladder to relax and respira-
tory- frequency to return to control values, A second

SBC at the lower intravesical volume causad slowing of
respiratory frequency at a higher IVP (30 mmHg).

PHR - integrated phrenic activity; RLN - integrated *

~ recurrent laryngeal activity; IVP - intravesical pressure.
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SBC evokes increases in systemic arterial pressure (SAP).
The decrease in phrenic frequency and amplitude in this
case may be partially due to the rise in SAP. Record from
a vngotomi.ud animal. .

+

PHR - integrated phrenic activity; IVP - intravesigal
pressure.
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1VP = intravesical pressure.
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An -injection of noradrenaline (NA) to produce an increase
in systemic arterial pressure (SAP), similar to the rise
seen during SBC or distension (DIST) does not decrease the
amplitude of the integrated phrenic activity (Phr). Record
from g vagotomised animal,
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As some bladder afferents run in the hypogastric nerve, the
effects of SBC on phrenic activity were examined before and after
bilateral hypogastric nerve section, Section of the hypogastric
nerves in two experfments did not modify the effects of SBCs on

phrenic activity.

-

2) Effects of Electrical Stimulation of the Pelvic Nerve on the

Activity of Inspiratorv Motoneurons in Paralvsed Animals

Since a large number of bladder afferents reach the CNS via the
pelvic nerve and since hypogastric nerve section did not modify the
decrease in phrenic amplitude and frequency observed during SBC,

>

stimulation of pelvic nerye afferents should mimic the effects seen
during SBC. Repetitive stimulation of the pelvic nerve with 20 - 30
sechld trains at frequencies of 5 - 10 Hz and intensities of 24V 7
decreased the amplitude of the integrated phrenic discha{-”ge in 9 of

11 experiments. The mean maximal decrease was 25% (ra'nge 11 - 405) .
An increase in Te was obtained in two experiments. Thus the incidence
of increasce in Te was lower with electrical stimulation of the pelvic

4

nkrve than with SBC or distension.

In four cats, the elffects of graded stimulation of the pelvic nerve
at frequencies of 5 and 10 Hz vere studied in order to characterize
the afferents mediating the effects .cm phrenic activity (Fig. 15). With
repetitive stimulation at these frequencies, depression of phrenic
amplitud; first appeared at a mean stimulus intensity of 650 mv..
Increasing the stimulus intensity increased-the maghitude of the
depression until a maximum was reached at a mean stimulus intensity of

2,35 v.
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Figure 15.

k) 3

- Ml
i

30sec 30sec

Depression of the amplitude of integrated phrenic activity
evoked by repetitive stimulation of pelvic nerve afferents -
at 10 Hz. Increasing the intensity of stimulation between
0.5 and 2.4 volts increased the magnitude: of the depression.
Stimulation applied during perioé marked by the bar. o,

°
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(« ' The intensity of stimulation needed to activate a given‘group of
” pelvic afferents was studied in a separate series of expe;'imen:s.
The compound action potential evokedvby pelvic nerve stimulation was
| recorded from either the §2 or 83 dorsal root in four animals. The
number of pelvic afferents present in each dorsal root is variable
and is largely dependent on the arrangement of the aznimall's lumbo~
sacral plexus (Langley and Anderson, 1596) « The average threshold

\

stimulus needed to evoke a compound action potential by pelvic nerve
N \ .
stimulation was 300 mV. Stimulation at this intensity activated

fibres conducting at velocities between 30 and 40 m/sec. The compound

action potential evoked by pelvic nerve stimulation had threa main
peaks corresponding to act:ivatiop of fibres conducting at velocities
of 30 - 40, 15 -\20, and 5 - 10 m/seQQz At high stimulation intensities
(ca 10 V¥.a C vollely was evoked (0.5 -“2 m/%ec). Figure 16 is an
example/of an evoked volley recorded from the S2 dorsal root at
various Intensities of pelvic nerve stimulat;on.

As stated above, theudepEessior'x of phrenic amplitude could be
elicited by activating pelvic afferents with stimulation intensities
between 0.65 and 2.35 V. Fibres with conduction velocities bemgan‘ 10
and 20 m/sec were activated' at these ‘intensities. :

The effect of pelvic nerve stimulation on phrenic activity was
dependent on the frequency of stimulation used. In four exéeriments /
\the éffects of various frequengées' of pelvic nerve stimulation on
phrenic amplitude were studied. With supramaximal stimulus intensity
(3 - 4 V), the depression of phrenic amplitude, averaged over the

period of pelvic nerve stimulation, first appeared at a frequency of

(\ * Lk
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l1 = 2 Hz. The maximum depression occurred at 10 Mz and decreased at
stimulation frzquénc{es higher than 10 Hz (Fig. 17). When a train
_of repetitive stimuli of constant frequency andiintenaity was gi‘ven,
the magnit:udg of the amplitude depression varied with time. As can
-be seen from Figure 17, thl maximum amplitude depression was usually <
reached by the firat or second phrenic nerve burst following the
onset of stimulation. At lower frequencies of stimulation (usually
below 10 Hz), the decrease in phrenic amplitude was eilther maintayined
(2 experiments), or decayed wit;\//t—ime‘ (2 experiments). The tendency
to return to control values increased at higher stimulation frequencies
in all cases. In all cases with frequencies of stimulation above
30 Hz, the maximum depression of Phrenic amplitude was less. In two
e;:periments stimulation at frequencies of 50 -~ 100 Hz caused, after 1
an initial depression, a reversal, i.e., an increase in phrenic ampii-
tude to leveld above contr;)l (10 - 15&% increase).
In one experiment \ixhibiting phrenic amplitude reversal and rapid
recovery during tepetit;l.ve pelvic nerve stimulation, tqhe animal was,

}
hypetventil%o a CO2 level which eliminated the inspiration-syn-

chronous phrenic discharge. A stimulus train (4 Vv, B0 Hz, 70 mseec train

duration) delivered to the pelvic nerve excited phrenic motoneurons >

(Fig. 18) . 'This observation shows that pelvic nerve bladder afferents

have both e:icitqt:ory and depressant connex*ons with phrenic totoneurons, ‘

but under most of our experimental condicions. the lat&r are dominant.
In addition, the effects seen during stinulation at different frequen-
cies are the result of the cumulative activation o\f these two inputs. '

Higher frequencies either are not followed by the deprgssant input or

"
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"Figure 16. Five superimposed evoked vollies to stimulation of pelvic

nerve afferents at-different intensities
82 dorsal root. Trace A, 300 mV: Trace B,
.C, 2V: Trace D, 4V. Distance betwee tim
recording electrodes was 3.8 ecm. Traces A, B, and C are

10 msec sweeps, trace D is 20 msec. Vertical calibration
© 250 v,

ecorded from the
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grated phrenic activity.

between 10 and 20 Hz

the average amplitude deprgssion is less.
same experiment as Fig. 135.

period marked by bar
!Qa

0

o

Effects of graded f.rcq\;ancy of stimulation of pslvic n,.m | t
afferents (2 V) on doprauioi\%; the amplitude of inte-

" 20Mx

300K

-
o

s

Maximal depression is obtained -
At highdr frequencies of stimulation 1
Taken from the ’
Stimulation applied during .
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Figure -18.
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Five superimposed traces of the evoked vollies to pelvic

nervé stimulation recorded from the phrenig nerve. The

inspiration synchronous activity of phrenic motoneurons

was eliminated bv hvperventilating the animal (see text).

" The top tra)c)‘e is the rectified, integrated (5 msec time -
1

constapt) low and hieh frequency.components of the evoked
discharge.” The lower trace is the high frequency component
of the discharge (30 Hz - 10 kHz). Sweep Huration 2 seconds.
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Altg%nalcively. ‘permit better temporal summation of the excitatory
input.

The motoneurons of the RLN behaved in a fashion similar to phrenic
motoneurons, The amplitude of the RLN discharge decreased in 4 of 5
axperiments during -low frequenc(/stimulation of the pelvic nerve. In
one qxper'.l\ment.'stimulation of the pe]kvic nerve between 50 and 100 Hz

increased the 'amplitude of both the phrenic and RLN discharge.

The observation that two pools of reé\girator motoneurons (phrenic
and RL.N) respond in a similar fashion to activation of bladder affefehts
auéges;s that part of the dction of these afferefx;s is on an input
common to both motoneuron pools. This does not exclude the possibility -
that pelxic’ bladder afferents affect phrenic mo;:oneurons at the spina& .
level as well. The &gffgcta‘, of bladder afferentow on phrenic motoneurons b
at the spinal level were assessed in two apinal caté. In one of the
two, it was possible to ‘elicit both excitatory and inhibitory reaﬁonaes
by activating bladder afferents. In this experiment some phrenic moEo-
neurons were sponcaneouaiy active (Fig. 19). The pattern of activity
did not resemblé in :nny way, the phasic inspiratory activity seen in
CNS gncgcc preparations. The motoneurons fired tonically for periods

of 10 - 30 minutes and then.the activity gradually waned to return at

~ some later time (30 - 60 min) . During the period of tonic activity

it vas possible to demonatrate that‘\puaive distension of the bladder
(Fig. 19) or repetitive stimulat:ton 6f pelvic nerve afferents inhibited

'phr'enic motoneurons. Short trains (4 V, 200 Hx, 20 msec) applied to’

“t
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Depr'esaion'pof spontaneous phrenic activity in an acute
' spinal cat during distension of the bladder. Continuous : |
record. Distension occurs fn the second and third panel.-
IVP - intravesical pressure: PRR - spontaneous phrenic
activity, e ‘ o
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; C - the pelvic nerve excited phrenic motoneurons (Fig. 20). The site of

! . action of some of the inhibitory and excitatory effects of bladder
: afferents on phrenic discharge is therefore at the spinal level.

2 - ]
4)  Activity of Inspiratory MotcmZ):ras in the Spontanecuslvy Breath-

' 4ing Animal Durin thsioloé:ﬂ Activation of Bladder Afferents

The decreased phrenic amplitude and frequency observed in the
paralysed, artificially.ventilated preparation contrasts with the
! v
observations of previous investigators who reported enhancement of

respiratory movements during manipulation or large distension of the

e 1 VT 8 b . A BN gt
4

bladder (see INTRODUCTION). Since the animals in their experiments
were breathing spontaneously, we evaluated the effects of activation

of bladder affereants on vinspiratory motoneurons before and after

1

muscle paralysis yitﬂ(‘k‘laxedil .

Distension or activé contraction of the urinary $¥adder increased 3

’

the amplitude of both the phrenic and RLN discharge in four apéntaneoualy

e

breathing animals (Fig. 21). These effects were either abolished or

i reversed with an intravenous injection of a paralysing dose of Flaxedil
f

)T‘\ (Fig. 22). Recovery fromparaylysis is associated with a return of t;yhe

amplitude increase seen during SBC or distemsion.
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Figure 20. Excitation of phrenic motoneurons evoked by pelvic nerve
stimulation in a spinal animal (see text). 20 super- N
tmposed sweeps. Sweep duration 50 msec. Vertical cali-
_bration 100 uv, :
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Figure 21. Distension or contraction of the blnddcr increagses the
anplitude of phrenic activity in a spontaneously breath-—
ng animal. In both cases, note the initial small
depression in amplitude which precedes the increase.
Record taken from a vagotomised animal,

IVP - intravesical pressure PHR - integrated 1hrenic
activity.
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Figure 22, Contraction of the bladder increases the amplitude of

integrated phrenic and recurrent laryngeal nerve activity
in the spontaneously breathing animal (Panel A). After
injection of a paralyzing dfse of Flaxedil (Panel B), the
smplitude of both the phrenic and RLN discharge decreases . . i
during a spontaneous bladder contraction. i

IVP - intravesical pressure: PHR - integrated phrenic
activity; RLN - integrated recurreat laryngeal nerve s
activity.
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V. DISCUSSION

p

The results of this study demonstrate that biad&er ffferents
have reflex connexions with the neural circuitry controlling respira-
tion. Spontaneous isovolumetric contraction or distension of the
urinary bladder decreased the amplitude and frequency of the phrenic,
bursts. The reduction in amplitud% was associated with a dec;ease
in the slope of the integrateq‘phrenic activity whetreas the decrease
in frequency was mainly due to an increase in the duration of
expiration.

?he changes in phrenic activity were not primarily the result of
changl; in éyatemic arterial pressure, which at’%imes were assoclated
with SBCs or ﬂistedsion, since similar changes in phrenic activity
occurred in some experiments in the absence of any change in SAP. °
Since the animals were paralyzed, these results could not be due to an
increase in somatic m;tbr activity known to occur during SBC (Mellanby
and Pratt, 1940). These results were also not due to activation of
other abdominal visceral afferents by deformation of viscera adjacent

I

to the bladder since similar results were obtained when the abdominal .

v

cavity Gas widely opened.
It seems likely, therefore, that the decrease in phrenic amplitude

»

and frequency is due to activation of bladder afferents which is known

to occur during SBC or passive distension (Iggo, 1955; Floyd et al.,

1976) . Single unit Qtudiea of bladder afferents have demounstrated

the exisgence of both slowly adapting and rapidly adapting mechano-

. receptors which are activated during disthhs}on or contraction of the:

bladder.
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; (j\ The majority of bladder afferents in the pelvic nerve behave as

i slowly adapting mechanoreceptors (Iggo, 1955; Winter, 1971; Arlhac, |
’ \
1972) . These mechanoreceptors are thought to be functionally in

serieg with the pagsive and-active tension devéloping components of

the bladder wall (Igga, 1966; Leek, 1972), and as shown in Figure 23,

their firing frequency approximately parallels the IVP contour during

an isovolumetric SBC. These mechanoreceptor afferents exhibit little o

N or no tonic activity at low intravesical volumes (Winter, 1971; Arlhac,

1972) . Slow filling of the bladder is associated‘wich an increase in

the acti@icy of these afferents with superimposed phasic bursts
associated with the small bladder contractions seen during filling
(Wintere 1971; Arlhac, 1972) (cf. Fig. 6). Little or no afferent
activity is observed between the rhythmic SBCs técorded under iso-
volumetric conditions.

In addition to chelslowly adapting mechanoreceptors just described,

e o

the pelvic nerve also contains axons of rapidly adapting mechano-
receptors which have been located in the b%adder mucosa and in' the
pet;toneal reflections surrounding the bladdexr. The units in the
mucosa fire with a short burst of action potentials during the rise

phase of the SBC. In some cases another short burst accompanies the

E | _ decline in IVP (Arlhac, 1972). « -
- i Both slowly and rapidly §dapting mechanoreceptive bladder ]
afferents have been identified in the hypogastric nerve (Fig. 24). EE

Bilateral section of the hypogastric nerves during SBC had no'effect %ﬁ

on the amplitude or timing of the phrenic discharge; activation of 1" %%

4

]
bladder afferents in the pelvic nerve is therg¢fore sufficient to S

. 3
O : ~ | S

" . M
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Figure 23.  Taken from Leek, 1972. Activity of a single pelvic nerve -
bladder afferent during a spontaneous bladder contraction
(closed circles). The firing of the afferent parallels
the bladder pressure contour, (
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mediate the observed effects. Electrical stimulation of pelvic nerve
a%ferents did decrease the phrenic amplitude and in two cases increased
Te.. The conduction velocities a‘f the afferents mediating the decrease
in phrenic amplitude (10 - 20 m/sec) are¥n the range of those des~_
cribed for \the slowly adapting mechanqrecepcors in the pelvic nerve
(Winter, 1971). The time course of discharge of these afferents fits
the time course of phrenic effects during SBC or bladder distension.

Rag;ldly adapting mechanoreceptors in the bladder mucosa could not
account for the sustained effects of SBCs oY bladder distension on
phrenic discharge. Similarly, rapidly adapt{ng mechanoreceptors in
tl'?e peritoneal folds surrout;ding the bladder could be discounted. In
addition, the conductton velocities of these affere'm:s\(zs - 40 m/sec;
Winter, 1971) are greace; than those of the afferents regponsible for
the decrease in phrenic amplitude. ,

We f\ave suggested (see RESULTS) that tensiqn within the bladder
wall is the stimulus peafonsible for the activation of afferents
mediating the changes in phrenic discharge. \ Tension changes within
the bladder wall have also been suggested to mediate the increase in
systemic arterial pressure which occurs during SBC or bladder disten-’
sion (Watking, 1938; Mukherjee, 1957b). Localizeu:raction on the

trigone, the area in which\\ most of the tepsfon receptors have been

localized, also ;ncreases SAP (Taylor _1‘968) « Pelvic nerve afferents
conducting in the A gamma-delta range’ have been shown to activate
lumbar (De groat and Lajlley, 1972) 4nd th\otac:lc \(our unpublished
observations) syu;patlf@t/:ic-p:jeganglionic neurons. These afferents

also cause contraction of expiratory and plratory muscles in the

e —

U,
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* gpontaneously ,breat_hing cai: (Yamamoto et al., 1961b).
. . Y,
To summarise, we suggest that the slowly adapt:lng bladder .

P

mechanorecepto¢ with afferenta in the pelvic nerve, which respond to
changes- in bladder wall tension and which have conduction velocities
in the A gama-delta range, are responsible for the effects of SBCs~
or bladder distension on phrenic discharge.
o Although the amplitude of the integrdt:ed phrenic discharge

decreased during SBC, bladder distension. and low frequency stimulation

4

of myelinated pelvic nerve afferents, observations in particular experi-

- « 5

mental condi tipns suggest that bladder afferents actually exert a mix-
- ture of facilitatory and inhibitory effects on the neural circuits

controlling respiration. At ffaquencieg of pelvic ‘afforent stimulation

above 30 Hz, the decrease in phrenic amplituie is“ less than at lower
f‘te‘quencie.s of dtimuliat:?.on. In additio;\, lih/e:rate of recovery of the
phrenic amplitudg towards control valles during maintained high
f,requency stimulation increases. At higher f;equenci;s of stimulation
(50 - ldfo_ﬂz) phrér;ic ampl:ltud;‘ actually increased. The RLN discharge
b;haved iﬂ.n a manner similar to ‘that of the phrenic. Evoked excitation of

phrenic motoneurons could also be observed in one animal in which
9 ‘ ' 2
rhythmic phrenic nerve activity had been suppressed by hybperventilation

|

°

in air.

" The excitatory effects of bladder afferents on respiration are
e Dy -
more easily observed in the spontaneously \breathing animal., In this

preparation- S;BC. or bladder distensd.gn can increase the 'amplitﬁ_-da of

]

the intagrated phrenic diachargc. The excitatory effects of bladder

afferenth are eit:her aboliahed or replaced by depression after muscle
. Vel b iy
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paralysis. The most likely explanation for these observations /s that
paralysis abolishes the activity of some somatic afferents whidh are‘
most pgobably activated by contr;ctions of respiratory musculatire”,
since this is the only obmervable somatic motor activity duripg the
experiment. Paralysis would also block the in;piratory ;ynch anous
gamma efferent input to the spindles of the éespiratory muscles
(Critchlow gnd Von Euler, 19%3).\ The somatic afferents activated

~

during spontaneous respiration may facilitate the excitatory effects

-

of bladder aféerents. 2

-

$ Bladder afferents decrease the phrenic frequency, an indication

A

. that the action of these afferents 1s on the brainstem respiratory

oscillator responsible for the setting of respiratory cycle duration.
The decrease in phrenic amplitude in paralysed preparations during
SBC, distension or low ffequency pelvic nerve stimulation, or the A
increase in amplitude during high frequency pelvic net;e stimulation.
or during SBC or distension in spontaneously breathing preparations
is paralleled by similar chanée;=in RLﬁ\amplitude. These changes ,
are likely to be due, at least in part, to an action of bladder d
afferents on the braipstem oscillator aince a similarlity of effects

on the two pools suggest an action of the afferents on a common driver,

i.e., the oscillator. Results obtained in the acute spinal prepata;

“

tion have also shown that activation of bladder afferents can both
excite and inhibit phrenic mo toneurons through 1n;raap1na1 circuits.
The\interaction between spinal and supraspinal citéuitrx in»olved‘in‘
the mediation of the changes in phrenic amplitude cannot be deteérmined

from the present data. . -, _
¢
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Wg characteristic of the decrease in respiratory

ey

freﬁuency caused by giidﬂe;@gfferenta was the'large‘;umbar of cases
in which Te was prolonged wifhout a concbmitant prolongation of Ti.
These data contrast with the view that the control of Te is tightly
linked to the control of Ti (Clark and Von Euler, 1972). This view
is based largely on the results of”experiments which demonatrated
an approximately lf;EEx rélationship between T and Te. 1In these
experiments, Ti was changed as a gesult of modificgtions of pulmonary
stretch recept:r afferent activity causegi‘ by varying the degree of
inflation of the lungs. Evidence has been accumulating, however, for
an independent control of Te. Te changes independent of similar
changes in Ti have been observed i‘n some experimental cénditiona. A
decfgase in respiratory frequency due solely to an increase in Te,has
beer] described during static lung inflation (Bartoli et al., 1973),
lung inflation in expirgkion (Knox, 1973; Von Euler and Trippenbach, B
1976), distension of the pulmonary vascular bed (Lloyd, 1978),
carotid sinus nerve stimulation duriﬁg expiration (Eldiidge, 1976),
i)and repetitive stimulation of sympathetic visceral gfferents witﬁ
conduction velocities in the A gamma-delta range (Kostreva, 1978;
Prabhakar, 1978). T |
)Afferents from the urinary bladder in conjunction with other —

abdominal visceral afferents may contribute to the setting of respira-

tory drive and frequency. In addition, the excitaéory connexions

bet;:qen bladder afferents and inspiratory motodeurons may aid in
reflexly increasingintrg-abdominal pressure diring reflex micturition,
;hereb& ensuring more complete evacuation of the bladder contents.
Suei\ reflex mchan;sma have previou‘ly béan suggested (Yamamoto, 196la;

Kuru, 1965). ,

h
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"11‘11 purpose of this workhas been to evaluate the’ effects of
urinary bladder afferents on rt;ap:lratory activity and to examine
the circuits through which these effects are mediated. .
1) The responses of ‘two pools of inspiratory motoneurons (phrenic
and recurrent laryngeal) to act:lvavtion of urinary bladder .
afferents has been studied in Nel;\butal anaesthetized, paralyzed:
artificially ventilated cats. ‘

2) Dist:ensiop or spontaneous neurogénic contraction of the urinar’y
bladder decreased the amplitude and frequency of th‘e' inspiratory

§ burst activity of both phrenic and recurrent laryngeal motoneurons.

3) The decreased respiratory frequency was due mainly to a prolon-gm—
tion of the exgratory phase of the respiratory c;ycle.

4) Section of the -hypogastric nerves did not modify the response of

phrenic motoneurons to bladder contraction.
5) | Low frequency electrical stimulation of pelvic nerve afferents .

with com%uctiop velocities in the A gamma-delta range decru?ed

the amplitude of both the phrenic and recurrent \laryngul nerve

”

discharge and in some cases prolonged the duration of the

expiratory cycle. |

6) - High frequency stimulation of pelvic nerve afferents with con-
duct elocities in the A gamma-delta range 1;\crund the
amplitude of the phrenic nerve and t;ecurrcnt laryngesdl nerve

discharge.
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8)

9)
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Contraction or distension of the‘ bladécr in spontaneously bgeath—
ing animals increased the amplitudes of the phrenic nerve and
recurrent laryngeal nerve d.ischarge. The increase in amplitude
)could be either abolished or reversed by paralysis of the animal.
Activation cﬁ*’ﬁﬁﬂet afferents in the acute spinal animal both
depressed and excited phrenic motoneurons. |

These data suggest that bladder afferents make both excitatory

- and inhibitory connexions with the neural circuitry involved in

the control of respiration. Effects of bladder afferents on
phrenic motoneurons could be mediated via spinal circuitry.
Thege data suggest, however, t;hdt large effects of bladder
afferents on respiratory motoneurons are exerted via am action

on the brainstem .respii‘atory oscillator.

-

The work outlined in this summary and presented in detail in

"the RESULTS sectiory is original.

\
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