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THE IPFEçrS 01" URINARY BLADDER AFFERENTS ON RESPIRATION 
, ., ... " 

by : 

Ronnie Sehondorl 

, ' , 

The Il.ctrical .etlvity Dt phren1e and,rlcurrant laryn~eal motoJ~ 

MuronA wu recordad durtn,; Àctivation of urtnary bl'adder a,!fe're~t. 
o 

in N.mbutal anal.th.ti •• d; paraly.ed, artilict.lly vlntilated CAti. 

Dietenlion or .pontaneoul n.uro~.nie contracUon of th. bladclor 
./ 

d.cr •••• d tho .m~l1-tud. Ind ft'equ.ncy of thl bUrit IcUvitr, ln th ... 

two n.rv'l. ;Thl decrea.ft in fr.qu.ncy,wa. dut ma1niy to a prolon.a-

t:l~n of t~a lnterbùr. t int.ryal .(dureUo'" .of .xP1rat1on~ •. S1\111er 

aff.cta wer~ ObAUV.d dur1n~ low fl-~~u.ncy alac-triell .ci.mulaUon j'ir 
" of pa-lvic ne l'va Aff.rentl w1th conduction valochi .. in th'1 A "amma" 

dllta ran~a.- Contraction or d1lt.ndol) of thl b1eddar :l.n Ipontanaoully 

,br .. ~1n$t animal. or h1.Rh frequency .t:l.mulat1on of Pollvic nerve 

aU.r.ntl 1ncl'Ilud th. Implitude of the bur~t acUvity ln th •• a wo 

narv... Th ••• re.ulte IUR~ •• t an action of bladd.r anerlntl on th. ,~ 
" . 
br.imlte ·o.c111ltor controll:l.nR r •• piratory frequlney and driv •• 

, , • ....?" 
Exc1t.tory and 1nhib-itory effect. of bl.dder afferant. on phrenlc'-lllOto-

~ ~' ~ l 

Murone through .pinal circuit. wera damonatrat.d in leut.l)' .pinaU.ed 

cat •• 

, j 

,-
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i'.~tiv:t.tl 'l1.ctrlqut· d •• motonluron •• phr'niq~ •• ' .t.luynsb t-~ • < 

1 • 

dcurrent. a h' .nreail.tde pendant l'activation d"1.~.tf4r.nt. 
'\ fil • ~ 

\ • .... -;;,. 1 

vlllcau'X chll& 11 chat· .nuch'al', pahly.' et vendU artiUciel1e~ 
Q • 

• 'II., 

mtnt~ La di.tln.ion ou la contraction n.urQs6nlque .pontand. de la 
, ~ 

vl'Iie a d'clench6 un. diminution d. l'amplitude et de 1. fr'quenee , 
, " , 

de l'acÜ.,l.d de. 2 n.~fa'. La diminution de la fdqlllnce. 't' cau.' 
-------

11 ,plu. louvent par un. ptolonll"lt,ion de la durl. 'xp:lratolre. De • . ~, , 
.ff,u .obl,bl .. ont 'U ob •• rvla pendant la It1mulation Uictriqui 

. oen b..... fr'quenea d ••• fUrenta du nlrf pelvien aVlc une vit •••• ·de 

conduction d.ne la aroupe d •• A 1&IIIIDA-de1ta. La, contraëU.on o\l--"l. 
" '\ 

'b 

di.tln.ion.dl 1& v, .. te chu 1 ... ~:lmauJ~e'Pir.nt, Ipont~nfm.nt 'ou 

1 •• t~l.tidn ln h.ut. fr~quenc. d. n.rf p.lvi.n Q~t .ugment' ~ . , 

l'ap1itude de l' .cU.v1d de. 2 nerh., ·Ce. r"ulta~. lus.'rlnt une 

açt:lon de •• ffarent. ~'.ic.ux .ur ~'o.éillat.ur "dullaire qui co~tr81. 
" ' 

h frAqu.nc. et. la co __ hd. ra.plratoi't.. D •• ".ffeu .xc?1t1t.u~. et 
ij 

1nhlbie.ur. .p1naux d.. atflrent. v'.1caux .ur le. motoneuron •• 

,hrlniquII on~ 'tl d'montrf. chi. le chlt .pinaU.'. 
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" 1 •. INTRODUCTION 

1hil theaia preéents an analy.i. of lome'of chè rlflex effeetl 

------on respiration oriRinaUnR ,~o1'R the ur~nary bladder. Thera at'e 

aever,al qualitative analoRiea between the effects on ~elpiration of 
J , 

o 

blaader afferents and of other abdomina.l 'visceral a ffere'n ta ~ 8uRges~-

i~S ,~ .comftlon meèh~nism' ot ac tion in, th~ CNS. "The 8urvey 0 f the 

Îitera~ure ,will therefore include all abdominal viac!!rall 

f TIi. dat:ll concarning th. ur1nary bladder ~Ul b. r.~h •• d 

from the data dealinR with the effects of other abdominal 
. 

afferenta on~tiob. 

afferent,s • 

aepara t~ly .' 
. ' 
visceral 

1) 'Rea Effact. of Abdominal Vilceral Af erents Other Than l 

lb~.~ From th' Urlnory ,Bladder \ 

8y the eerly pal·t of ,this clntury, leveral reports had appe.réd , , 

" .' , "J Q-

in the literature de.cribins inhibition of respira tory activity ~n 

experimental animals durin~ diatension or.manipulation of abdominal 
, . 

~ ~ 
viseera~ Diltension of the bile ducta (DAvis et al., 1929) or of thè . - -

intestine (Crowley, 1.41),.or tra~tlon applied to various' abaômina1 
G ... .. .. b~'" <' l 

vile.ra (Brwer et al., 1934; Brever and Bryant, 1935;. aeeVI et al., , 
~ ;"- . ~ 

1951), cauaed .pnea or depres.lon of l'tapiratory movt1l\eb"ta whieh wa. . , 

o ' 
- - abol1.hed by sp1anehnic nerva aection (Da'!ia et aL, 192~; Brewer and 

1 

,Bry.fat, 1915; Crow1ey, 1941). 
) \ - t:> ,,-

8111\ilar depr.sli0l) of respiratory move-
/ 

~ . 
Mnt. could be evoked by. .lectrical .~imulation qf: Iplanchnic n~rv. , 

afterentl (Graham, 1881: Brever IÇ al., 19~4: 'Martin et al., 1942) ~ 

Sl .. Uar eff.c!te hava b~ln reporteel for · ... nipul.tion of abdominal 

vite.ra in humanl uNl.raoinR .bdomlnal .u'tlèry' (RDvIl\ltine .nd 

. " 

( 
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lt 

Herlhanson, 1938; Relva, 19Sp. M in ,xperimental animals, aleetrieal 
,1 , 

the graater IPla~chnie nervI in humana evoke. .Umulation of .pnea 

(Kruta et al., 1950) • lnflaltll\aUon of the vileera ,eemt to .nhanee 
l, 

the dep~reS8ant effec ts of manipulation (~eeve, 1951) • 
, 

The above observation. wlre paralleled by physiologieal experiment. 

aime~ at explainlng the geneaia of viaceromotor reflexe, aa.oeiated 

with intes.tlnal trauma (Downrnan and. MçSwiney, 1946) or abdominal inflam-
, 

mation.· Manipulation ~f the intestine in cats with aeut. apinal tran-
. 

aection at Cl cauald contraction of theaabdomina; mUlcla. Ç~n and 

MCSwiney, 1946). Electrical atimulation of afferantl of the gre.ter , 

~planehnic nerve wal capable of excitlng in.piratory and expirat~ry 
, il 

'musclee both in the eNS-lntact cat (Yamamoto, 1961b)ahd in the aeute 

apinal cat (trana.cted at Cl, Miller, 1925; trana,cted at Tl, Downman, 
" 1955). Reeordlng of. the volley evoked by aplanchni~ 'fferent stimula-

tion (Downman, 1955) .how.d that A Ramma and delta fibre, wer. re.pona-. . 
\ 

ible f9r th ••• reflex effecta. 

The.a obaervation. aU8aeet that one poe.ible explanation of the 

rllpirat;or)' depr •• lion evoked by dietendon or manipulation of .bdominal' 
- ' 

vise.ra 1. that it ma)' result from auatalned contraction of inaplra~or)' 

and/or expira tory mUtlcles. Tonie contraction of the abdominal muecula

ture wouid oppose the downward excur.ion of the diaphragm and ln con- > 
,(. " 

junct10n with the ton1~ contr.ction of the lnt,rco.,a~ mUlcle. would 

al.o deerea.e the compllance of the ch,.t w.ll (Campbell et al •• 1970) 

.nd would therefore dier •••• tid.l volume or caUle apnea. In thia c •••• 

the re.piratory depre •• iort would be due to • Ipinal reflex liace 

, . 
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contraction of th. te,piratory mUlele. could b. obtained in .pinsl 
,/Jo 

3 

animale either. dùrin~manipulation of the ln~ •• tine or durla. elactrieal - . 
• tlmulation of aplanchnic nirvi atflrent •• 

Th.re 18 considerable inte~8egmlntal sprèad of'thl .planebnie 
c 

Afferent ~nput in the aeute epinal eat (F18. l),vhich accounte for 

the wide.pread .e~ivatlon ot reapir.tory muscle. by stimulation of, 
. "",' 1 • • 

.planchnic nervI afferents. This vide intersagm.ntal dletributlo~ 

i8 dU~ pa~tlY to lntralplnal pathvays sAd p~r~lY to an ~xtra'Pinal 
., 

pathway.in·the eympathetie chain. The roie of these epinal r.~l.x.I 
" 

) 

in tha intact anitnal il not clear'. Th ... reUexla are aithlr eonaidlr-

ably attan~atad or ab'Int in the dlesr.brate preparation (Aldereon and . 
Downmàn, i~66). Thi. augg.ata a tonie inhlbitory influence of the 

brainetem onto t~esa .pin.l circuite. Alder.àn and Downman were able 

to .how that.st~mulation of lit .. withln the venttomedial meduila 
• 

iDhi&ited the.e rlflexee, while,l.eion. of the .ame i~t.. in the 

decerebr.te preparation led to a facilitation of tbee. reflexe •• imilar 

to th. release ••• n followins epinal trana.ction. In the anae.theti~ed. , 

CNS intact cet th •• e reflex'. are not att.nuated. 

The ra.piratory ~epr ••• lon evoked by dietenalon or manipulation 

of abdominal vi.eera could «lterbalively be d~ to an act!on of .plànchnie 

vi.caral attarantl on tha re.piratory deelllator ln the bra:l.natem. The 

Apnea wou1d then ralu1t from tha .up&ra.eion of the Ixcltatory driv., 

~: ' that thi. neural ol~ill.tor pr~ld •• to .plaal r~.piratory moton~ron •• 

Evidance for thi. action va. ouly rlcantly provided by Garnier and ' 

Albana (1978) in tha'CNS intact catI B;.ctric.~ Itlmulatlon of IdW 
/ 

J. 

\ 
,/ 
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Taktn from Dowm.n, 195'. El.e criea 1', ICimulac:lon of 
aplanchnic aHerent •• vok'i l'aUlX d1lch.r •• of ineer
COUd nerve efterenta in c.'ca .,,1-nalta.cl at Tl. The 
reflex 11 attenuated ac more rOlttal .p1na'l le_llt •• 

4) refie~ tacordld lrom T4' :lntll'co.tal -'new:;ve 
-

6) reflex rlcorcltd bOrA T6 i.n~,rco.tal net'Ye r 

10) r.flex rlcorc11d from Tlb lnterco.tal nervi . ~ 

, 1nt.nl-1 ty of IUINi.tion a'Pplled co .pllnchD1c ,n.r .. il 
th, .a. in al1 chr.e e..... ' . , 
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thr .. hold aplanehate vile.ral aHerenta inhibltaa medul1ary inaplratory 

neu'rons and excited medullary Ixpiratory nluron.. Some of che.e niurOIS 
j .....') '~ \ 

IIhav. been shown to pr6jeet ta tho •• ,raa. in whieh .p1na1 re.piratory 

II" 
\!IOtonet;arona are lo~at.ct~(B!anchi, 1971). Other.~ wh~eh do not projeet 

, 1 

to' the ,spinal cord, are thought' to be 1nvo~ved ln the R.neration of -the, 

re.piratory rhyth~. Repetitive stimulation of .pranchnl~ afferente does' 

depre.s the inlplratlon.-synchronoui acitivity of phrenie (Garn1er and 

Albano., 1977; Koatreva et ,L, .1978; Prabhakar et aL, 1978) (Fill' 2) 

and externa1 1ntercoltal motoneurona (Koatreva et Il., 1978) ~ The '\ 
. . 

Afferents med14t1ng thia relponae have conduction v.1oelUI. ln the A 

gallllnil and delta range (Ko.tnvl et al., 1978) • 
. " 

the, aetivity of two pool. of ln.pirator)' motoneur~ b d.pr •••• d 
. . 

.ussestl an ~ctiçn of sp1.nehnlc~ aHeren" on th. ,comm.on input to both 

poo 18 , 1.e., the de.cend1n~ excitation from the r •• pir.tory o.el11ator • 
• 

Repetitive stimulation of apl.nchnie aff.rant. alao d.er •••• d . 
\ ' 

n.pira tory ftequeney \ (Pr.bhlk~F ~ t al.. 1978). Bri.f train. of ItimuU. 

dlUver.d durlng ~napiration ahorten.d in,piration Ind prolofts.a the" 
• q \ 

lub •• quant per10d of expiration. S1mU.r tra1na. dl'liy.r.d durlns 

Ixpiration, prolonged .xp1rat1bn, without .ff.cting th •• ub •• quant :l.nap1ra

t:l.on. Repetitive atimulation of .ympath.t1~ chaln .U.r~ta (T7-T9)\ 

h •• bean shawn to .alectivaly prolon8 .xpiration (Koatr.v& at .1 •• 1978). 
~ , , , 7 

Th.ae lIIodifieaUona o~ r~ap~~atory' fr'qu.n~y' .UIS.lt .n action on th. 

r •• piratory OICUlajr (.a. DISCUSSION) • 

To .ummar1.e: aplanc:hnlc .bd0lft1nal aUlranta hava two aUact. on-

• 
• pinal relpiratory motoneuron'I 1)' lXe:l.t.Uon of bot't\ 1n.pir.tory and 

\ 
\ 

\ .' 

'1 \ 
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.xpbatory mot,oneuron. through a Ipi~1.c1reuit and li) depre .. ion 
, 
of in.piratory ,motonauronl through an inhibition of mldutl~Y'y inapira-

tory.nluronl and a prolongaCion of'expiration throu~h an excitation of 

medullary ~xP1ratory neuronl. 

Investisation of other groupl of vileeral aff.rent. Ihowed that 

A gamma-delta afferenta'in the dorlal -and vantral anla aubelavia have 
( 

efflcts similor to ~8e of IPlanchnic nerve affera,nta on phrenic 
, ~ , 

act1vity (Koatreva et al., 1978). H~vlr, ~e ~Ineralization th~ 

Pail v).ceral afferents'have s1milar efflcta on r~lpiratory act1vity 

cannot be made sinee neither l'anal nor me.~teric afflrents (Koltréva 

et al., 1978) had an effect on phren1c activlty • 

2) Rt.piIltory EffecJ:8 of Ur:lnsry' BlaW'er Affer.nts, 

The re.piratory offects evoked by bladder afflrent ••• em moré 

variable than tholl evoked by .planchtUc afferlnta. Man:lpu1a't:lon of 

the urinary bladder or ur.thra in decerabrata cati (Barclay and . , 
Franklin, 1937) or .pontaneoui :l.omlt~ic bladder contraction. in the 

dec.rlbrat~or ~al.t~.til.d cat(M.llanby-and Pratt. 1940) c.UI.d ~ 
contra~t1nna~bd0m1na~ mUlc1e. and di.phr.gm, but trom their data 

\ -
it 11 impo.l1b1e to inf"r how re.piration w •• aft.ct.d. Bladd.r d1.-

ten_1on cau •• d an iRcre.l. in r •• pir.tory lr.quancy .nd ch •• t Ixcurlion 
1 . 

in .n .... the1t:l •• d cau (W.tk:Ln., 1938; Mukharja., 1957} Evalll and 

HePh.rlon, 1959). In .ome c •••• d.er ••••• 1n ch.lt excur.10n and 

r .. p1ratory r.te v.r. o~erv.d (W.tkilll, 1938). 
(" J , 

Many aff.rentl ,from_th. urinary &ladd.r .r. tound in the p.lvic 

, , 

, ' 

t. ~ , 
,', ,. ' 

',,1" 
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FIII, l, Krmo!traphlc ffcurd. of abd~ml~ pl'flJure Chlnllel followln_ Itimulitlun 
ul Iiplllnchn!t und ,,\:MI: ner\'t., l'pptf row, r"punlt. tu IUmulÎtlun of .planchnh,' 
ntlr\'l', . Buttllm ru\\': rll.pun ... to Itlmulatlon 01 pth'!e ntr\', , Sumber !MIo\\' \!Ilch 
rKord Indlcllll/li (r\:qu~'nI:Y ut stlmulatlun pcr .tc:ond, Squlr, W&\'fl 01 l·mH( dura, 
tlun Ilnd 4 \'ullil \\'lIrll ulI4:d. Stimulutilln \\~ •• cuntlnueeF lor 10 Ife, R~-'nnlnlZ Inci 

(1I8IIliilon- oi dlmu"_tlnn Df' .hm,'n br Diro"'l. Tlml." ICllf •. 10 IfC, 

-. 

l'Iure 3. cr.ken f1:om Yamamoto et -al., 1961 •• 
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-
"arva (Langley and And.r.on, 1896, tanaworthy et al., 1940). nec td

.----------- j"-

cal .tlmul.tlon ot tha.a .fl.rent. iner •••• d the !MG activity of tha 
---

dlapbr.gm, abdomint1 mu.ela. and int.rco.tai mu.el •• (Y.mamoto at al., 

1961b). Repetitive .timulation of p.Ivle n.rvI aff.rlnt. (l0-50 HB) 
, 1 0 

.vok.d a lu.tained ~ontraetion of thlel mule le. witb a ra.ultant 

ineraa.e in intr ..... bdomina1 pr ... ute (Yama"!'oto et al., 1961a) (rig. 3). 

Thi. rlf11x wal mediated by I~fer.nte with conduction velocitiea 

bltw •• n 12 and 25 m/.lc, wbich .ctivated 8 epinal-bulbo.pinal circuit. 

~Th. a.cending patb of the rlflax w •• found ta IiI in the dorlo

l.tlral funiculu. of the white matter of the eord with~ten.ive cro •• -

in8 in the .epante balow L4. The rlflex centre w •• lound ta lie 

bltwein the al. cinerae and thl caudal medullary border (Y.mamoto and 

Arokt, 1963). lb. d.oeond1ng Plth of tho rotlo,·vO. 10C.ll.~d~0 th. 

ventrolater.l funiculu. of the white matter of the cord and could be 
1 --lntarrupted without abo11.hing r •• pir.tion. Tranaaction of tb. .pin.l 

cord at tha caudal bordar of the _du11a .boU.bed th. iner •••• in 

iatra-abdominal pre •• url evoked by .timul.tion of p.lvic ~.TV' 

afflrent •• 

~~~I afferant 1imb of thll r.fllx clo.ely 

ra."mble h. prop.reie. of tha Afferent 11mb of reUlx lllicturition. 
\ .... 

Bladder effarante in the pe1v:l.e nene bava .imUar conduction v.loei-
1 t , 

\ 

tie. (Wlnter. ~97l) to tholl palviC aff.rent. vbléh cau.. 'Ult.~n.d 
J 0 

iftCr ..... 1n :1ntra-abd0lll1nal pr •• ,ure (talllalDOto, 1961a). Pelvic 

bledd.r aff.r.nfl wh1ch convay the lenaetlon of bladder fulln....-h.v. 

ba.n locali •• d to th. dor.olat.rll funicului :l.n cata (latd.nRton, 
. 

1931) and :l.n hu_na (Nathan enc.t Smith, 1951). The •• aUerenCI, alao 
. 1 

" 

,j 

1 
( 
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l' 

~nderïO I~ten.lve cro •• inR ln the 10wer lumbar .pina1 cor~ (Darrington, 

1931). lt therafoTa •• ama l1kely that a llrRa,portion of the reflex . . ' 
i 

d •• cribed by Yamamoto 1. cau.ad by activation Dt bladder affar~nt. 
.,f 

vlthln, the pelvtc( nerve. 
~t;; 

II! AtM OF ntE PRESENT STUDY 
'. 

~e p~e.ent atudy waa ~eli~ned to evaluate the effect~ of urlnary 

bladder afferanta on ,Te8piTs't1on •. Previou, inVti8ti8atoTI have r\ported 

both increaeoa and à_cr ••• ,a ln th, amplitude "and frequency of reeplra-

~ry mov.mentl during bladder diatelllion ,(Watkinl, 1938; Evan. and 
"It 

Mc'Pher.on, 1959). Sinc. th .... tudie. were parform.d on .pontanloul!lly 

breathing an:l..mal., 'lt i, pOla:f.ble that lome of th. éffec:tl ob .. rved 

on rl.piration were, the re.ult of comp.naatory f •• dback fTom chemo-

ne,pton and pulmonary 8 tretch r.c.p~orl. Mor.ovar, i t il 'known tha t 
i> 

bladder Iflerent. make reflex conne~ionl wlth Iympathétic preganRl10nic 

Dluronl (Mukherje., 1957b) âl well 1. with~ha (Evan. and HePherlon, 

1959) and gamma (EvaUl, 1963) matoneurone. lt il the~efore PQI.ibl. 

'il [ that loml effecte of bladd.r afferent. on relp:l..ration were .econdary 
( 
\.l to the ecU.vation C?f th •• , neural .y.tama. 

In thi. • tudy'" an effort WII 'IIIda to rula -out tho.e l'.U.xa. 'which 

'IIIIy have baen rl.peneible for tha :l.ndireet eUeeta of bnddlr affaranta . . 
.on re.pirat:l..on. Ile'piratory Ict:Lvity wa. -ltud:Lad under ()pan loop con-

" 
ditionl by ua:ing .. preparation that WI, paraly.ad, 1 arti~ic1"1~y vlnti-' 

lat.d Ind 1n mOlt ca.a. v •• otomi .. d. 'the .1Ic~r1c.l acU,:v1ty of phran1c 

and reeurrent larynRla1 motoneu~oftl wa. u •• d to .valuat. th. dirtct 

') , 

... 

. , 
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aff.ctl of bladder aff.r.nt. on r •• p~ratory actlVity. Sy.t.~ic. 

.rt.~lal pre,.ura va. r.cord.d a~d t~e contribution of fluctuàt10nl 

in artarial~preaaure durlnl activation of bl.ddar afferent. ta tha 
1 • 

affects on t'lipiratory ac:t:l.vity va ........ d. . 

~": l.b. atudy v •• d1r.cted at ...... ring th.· foll~ing qu.a~io",' <:;> 

1) What are th. affect. of physiological activation of urinary 

bladder afferents on ra.piration? 

11 

11) 00 bladder afferent, have'an effect on both the spinal-and .upra

.pinal circuitry involved in re.piration? 

111) What are lome of the propartie. of the aff.rentl madi.tinR the 

effe~tl on re,piratlon? 
4-

~ 

In compari.on vith oth.r abdominal vl.c.ral afferanu, bladdar , 

afferant. can be activatad exp.rim.ntally vith relative •••• by phy.io

lOlleal .tlmuli.luçh •• contractlon or dt.tanaion a. w.ll a. by 

electr:Lcal .t1l1lu;at1on a. ha. ba.n don. vith _lanehn1c aff.nnu. 
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. III , ME'1l10PS . , 
The experiment. wue performed on 27 cat. of aither .eXt The cata 

~re anaauheti.ed with an' i~t~taP.ritoneal1 injection of N~utal (35 m~/.kld 
which wa. lupp1emented'intravenoua1y".i requitad. In 2 additional experi

me~tI the cats vere anae.thetiaèd with ether, and their .pi~1 corda 

tranaected at ClI , Fo1lowing anaemic dacerebration b~ occlulion of the 

~rot1d and ve~tebra1 arteries, th. anaeltheeia we. discontinued. Trache-

oltomy wae performed. The femoral ~rte~y·~.~ cannulated and ay.temic 

arteria1 preslure (SAP) continuoualy 'recorded~ Rect;al tamperature was 

monitored and mainta1n.d beew •• n 36 and 38 desraee C by the UIIe of a 

heatins pad and infrared lampe The urinary bladder wa. approached through 

a midl1ne abdominal inc~sion. Two polyethylene,cannula. were inaerted 

into the bladder via the urethra and liRaCed 1n place. One of the.e two , 

wa. u.ed for recordins intrave.ical pr ... ure (IVP) and the other for fill-
1 

-:t ing ~e bladder with phYli~lO~:1cal .al:1~. (Fill 4). 

In molt c •• aa, the bladder wa •• levly lilled and IVP rec~rded under 
> .' 

eondit1ons of con.t~nt volume, i ••• , no avacuatlon of bladd.r contentl 

wa. permitted. Fi~r •• Sand 6 al" •• xampl •• ~f th. behavior of th. 

bl.dder dur1ng the .low fi111nl. Aa ean be .een from Fllure 6, slow 
~ P ; 

fUl1ng wa •• ometime. aa.ociated with .mal.l rhythm1c f'1uetuationIJ! in IVP 
J j, 

which 1nerea.ad in fr.quene,. a. f1111ns prolre ••• cI •. The •• , .ul1 rhythmic 
• • 

fluctuatioDi are mo~t libly due to myoaen1c contraeti~DII of th. bladder •. 
'1 

The •• contraet10Dl al'" thoùRht to b. myo,enic .inc. they al'" not aboli.hed 
~ ,; 

by •• et~on of both tha .pelv1c and hypolutri.c 'narval (Pl\1111, 1?60). Once . ! 
Btcturition t~re.ho1d wa. r.achad howevar, large rhy~c .pOutanaou. 

, . 
bl,ddar contractlonl (SBC.) davalop"'. Th .. a" siee are 'boU.hacl b, Ipina1 

'1 " .. 
" 
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F!IUE! 4~ __ App.r.tu. u •• d to maintaln ~ha bladder undar conditloftl of 
cOMtant volume or coftltant pra •• ure. Intravedca1. pr •• ~ure 
(IVP) wa. monitorad in .itu. Tha bladder could b. connactad 
to tb"la~J. a.1ina ra •• rvoir and diltendad to • conltlnt 
IVP or altarnatively. the bladder could be alowly fillad in 
atepa and IVP racorded ulldll' condttiona of COftlwut bladdar 
~~. . 
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haut! 5. ChaDRe. in' int1:a"*.1cal 'P1:ei~ur. durin~ .low f1Uin. of the 
bladder. The 1ntravetical 'pre •• ure 18 record_ct uncler con
Ut:lolUl of con.tant volume. A lar~ •• l'ontaneou. cOlltraction 
.... lop •• fter the final 1njtction of .aline into th. bladder. 
lote that the ba •• lill. 1Dt1:avea1cal pr.aun chan.-ct very 
ltttle althouRh 29 cc of fluid vere 1~j.ct.d b.fo1: •• 
aJllODtaaeoua c01lt:rac tioll v.. p'roduced. 
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Small l"hythm1c fluctuationain in tr.velice l pt'.lIure (XVP) 
aom.times develop dUl"~ng slow f1llins of che·bladder. 
!h ... IVP chanF.tes ar.'moat l1kely due to myogan:lc c;gn
tnctton. of the bladdar'. M f11l:1.ng of the bladdi'r 
,ro~reaa... the ftequeney of th. myoRen1c contrac~1ona 
lacte •••• untl1 micturltlon thre.hold' 1. reachad and'a 
a~ont.ft.oua bladdar contraction davelop.. ' 

,. 
l , 

•• 1 

l' 

o 



( 

j 

r 
1 

i J 

J 

r-
l' 

f 
1 

• ' 1 

i 
f. ' 

l 

16 

transection above SI (De Groat and Ryall. 1969) or by •• ction Qf the 
e 

pe1vic nerves (Mellanby and Prau~. 1940). Once obta1ned. the SBCs 

continue at a con.tant rhythm without further fi111ng beins necesaary. 

In our experiments the SBCs occurrad with a maan fraquency of 

-0.,53 ± 0.33 .con~raction8/m1n. The mean peak IVP was 47 ± 9 mmHâ and 

the mean duration of a con'traction 62 ± 17 second.. In Rome cases the 
" 

bladder was distended and maintained under conditions of constant 
1 

pressure by connecting lt to a large sal:l.ne reservoir which could be 

r.iaed by variable amounts thereby varying IVP (Fig. 4). The term 
, 

diste~Sion will be used in the text to denote the maintenance of the 
~ ( 

bladder under conditions of constant pressure. \ ,< 
In moè\ cases the animal vas paralyaed vith gallamine·(Flaxedil) 

or pancuronium.(Pavulon) and ventilat~d under positive pressure • . 
End tidal C02 was monitored with an infr.red .nal~s.r .nd maintalned 

-betWean 3.5 and 4.5%'. ln manv'caaes bU.ter.1 vagotomy w ••. ..perfomed 

to el1m1nate locking of the phrenic neural ~i.charge to th. respira tory 

pump'cyele. Since the axons of recurrent laryngeal moton.ûrons -run in 

the vagua. vagotomy was n6t performed in thos. ca.es inwhich RLN 

'activity wa. to be recorded. 

The phrenic and recurrent laryn8e~1 nerve. vere identifiea and 

1eolated ln the neck. The sida flapB of the open wound we~e. th.n . 

reflectecP to fom a pool~, 'lbe nen •• vere 1~r.ed 1n par~ff1n oU. 

deaheathed, eut and their central end. placed on bipolar .ilver hook 

electrodea for convent1onal recordlng (~pllficatlon. 20.00n·~, low 

frequency, 30Hz; hlgh frequency, 10kHt). 

The_low frequeney SAP and IVP .ignala vere frequency modulated 
) 

" 
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and, together with the eleetrieal aëtivlty of the phrenle nervIs and 
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. ~ . 
RLN, recorded on Mane tic tape. ~. reeorded 11~all were lublequently 

played baek off line a~d flLmed. In some later experiment., SAP, IVP, 

and the in.tegrated elactrieal activity of the two nervea "6re allo 
, -

dieplayed on line on a eurvilinear pan recorder. 
. " 

Both the phrenle nerve and RLN discharge vere half-wave reetified 

and inteltrated-".using -a "lealty" R.C eirc:uit with a tlme conatant of 100 ., (- . 

maec. ' The duration of the inspiratory ph'aae of the respiratory cycle, 

Ti, was mea.ured from the rapid onset o~ phrenic: nerve activlty to the 

'aharp decay in acdvity. lbè duration of expiration, Te,_ wa. measured 
t 

fram the aharp detlY in phrenic activity to the aube.quent onlet of 

actlvity: The peak amplitude of the integrated phrenic di.~ar8e a~d 
t~e rat~ of riae of the phrenic activ1ty (slope - peak amplitude/Ti) 

,vere aleo meaBured. The Wllcoxon 2 eample test (Rumlte and De Jonge, 

1964) was uled to test the signifieanee of the changea in Ti, ~ 

1 

amplitude and slope durlng the varioua experimental pro~edur.a. The 

Spearman telt (Rumke and De Jonse, 1964) wa. applied ~o d.termine 

vhether there wa. eignificant correlation between Any of the phrenie 
.. 

parameterl measur.d. . 

In ~o exPeriment. the hypogastric nerve (~R. 1) va. approached 
"-

via a midline abdominal incision, identified at the leval Gf th. 

tnferior ~~nteriC ,ensiion, and prepared 

cluring thl experiment. In c. ••• in vhich 

for •• ction at .omi point 

the pelvic: nene wa. atimu-. -' 

lated, ~he pelvlc nene va. approached doraally and iaolatad in the -
\ , 

lumbosacral plexus. ,The nerve va. placed on s11ver book .lactrodea 

an~ atimulated under paraffin 011 vith aquare pula .. 'of variable voltage 
- . 
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Pilure 7. Taken from Langley "and Anderson'. 1896. Pelvic plexus of 
a male cnt. The pelvlc nerve or1~1nate. 1n~ •• ~rnl 
'pinal cord] (Sl-S3), the hypoAa8tric nerve n-t e lumbar 
cord (L2-LS). B~th nervel cont.1n mec~ano.e ive 

10 bl.dder aUerente. . 'l 0 
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and a duration of 0.2 m.ec. 

In four add1tlonal experimenta, de.1~ned to evaluate the condlction 

velocHies of pelviè nene afferent., a lumbosacral lam1nectomy wes 
. 

performed. The animal w." riR1dly fixed in a stereotaxie frame, and 

the S2 and S3 doraal footl were l,olat.d, eut, and pl.ced o~ a1lver 

hook electrodes. Reeordln~8 were then made under 011 frqm the dora al 

foot exhib1tlnR the'larReat evoked vOll~y to pe~v1~ ne~e Itlmula

J
t1on, 

and the conduction velocitle. of th, pelvlc aff.rent~re then 

calculated .~ 
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IV t 'RRStrLTS 

1) Activlty of insplfato.R, MotonèU'rons in PaTaly'sed Ani!!\!l~ DUT1ns 
1 

Phys:!oloaical Activation of Bladder Afferente 

• lli.ctÛr'\~o'VOlumetrlc ·SBC~·o~>hrenic ac'tiVity we~e alleased 

peak amplitude of th.'intsRT8ted phrenic acttvlty 

"' 
d. ...ed ln 9 of l~ .xp~tlmenta dl;lr,~ SBC (}l'iR, 8) 1 the mean ~ximum 

"'---~d.cre .. _e bein~ "ia%' (ranRe 4-30%. p < 0~05). In al~ of the.e casis, 

, . 
b 

th.re was •• :LRn:Lf~cant decrea.e cln ~he dope of ~he inteRuted phrenlc 

actlvlty (p < O,OOS), The detreaae in amplitude wa. pod.tlvely cOTrelated 

'vith the deereaae ln slope durtng SBC (p < 0,005). 

Th. Ume ,cour.e of the depres.ion of phrenic am.p1:Ltude tended to 
., Q ~ 

par.Uel the time course of the anoclatld ·SBC but the amplitude usually 
o 

T.turned to control before IVP did ," The deprealion ,beRan durinR the 
o 

inère •• e ln IVP.· uaually belore 'the IVP wa. half IMxlmal. The peak 
~ . 

decrl.s~ ln ph renie ampl:l tu~e occurred ei theT dUTinR the l'il. in IVP 
_/ . 

. or durlnR the maximum IVP and Teturned to control valu •• 
II 

decay ln IVP. 

the 

Respira tory fTequlney dee~e~ •• d during SBC 11 exp.rlments. 

The' decreàae ln freque~cy ~.a due .0~elY· ta ~r .... o· Te ln S cases 
" . 
\" .-

and to an ber.ase 10n both Ti and t. i;J. the ~emaininR 2 c .' . 
maanltude of the peak iner.aas in Tl w •• 13 and ~3% r •• p.~tly~ly (p < 0,005). 

o ..., l' \, 

Th. me.n peak lnere ••• ln Ta wa. ',261 (uftae 4.-43%. p < ,0.005) 0, In the , 
~ . 

ca.e .hown in 'F1Ruz:, 9. both T. and TI increa •• d durlng SIC, Th. '/' 
1 • ~ ~ 

" ,\1 ,~~~ .o~r~ •.• t tk;' TI .tf •• ~ ~~ qU.~I.~a~Vr1Y 01.l1li.1 •• , to that of th,. 

d.er .... in phrenlc amplitude. The dacr'.,a4, ln amplitude and frequency 
... \ \, ' ~ 
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Pil\!n 8. 
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D.pre •• i~n of the peak am~litude of tbe integrate4 phr,nic 
.ct~vity durinR a Ipontaneoui bladdar contraction. The 
contour of the am~litude depre.aion parellal. the IVP 
contour. Reco,rd weI ta-=; from an animal w1th 'vaRi intact. 

PRR - 1ntegratad phraniè actlvity; IVP - intravelical.pr ••• ure; 
SAP' - ayet.mic arteriel'pra.eure. 
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Decrl.le of relp1utory frequency dur1ng SBC. The deer.a.ed 
frequency 1a due in thi, ca.e to increa.ea in both Ti and Te. 
R.ecord taken from a vagotomi •• d animaf. 

PHR. - integrated phrenic activity; tVP - intrav •• ical pr ••• ure; 
SAP - ay.temie arterial pre •• tire. , . 
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.. 
dudns sac could ba obta1nad If.multanaoualy (Fil. 13) or lap.r.taly 

(F18. 8 and 9). 
! , 

The re,p0nle of RLN motoneurona to SIC wa. .1milar to that 'de.cribad 

for phrenlc motoneurOne. SBC WB' effectiva in deeraalin8 the inepiration 

aynehronoul di.charge of the RLN as weIl .1 in increa.inR Ta (FiR. 10). 

Di.tan.ion"of tha bladder waa alla cap'ble of d.cra •• 1n~ phrenlc 

.mp11~d. (F18.'ll) .nd fraqueney. In c •••• in whiçh it wa. impo.elb1e 

to a1iclt SBCa by slow fll1ing. di.teneion of the b1addar wa •• til1 

effectlve in altering phrantc d1Ichar~e. 

lt e.lme l:l.kely that the cllpreel10n of lhranie amplitude Bnd ' 
-: c:J ~ , 

frlquancy re.ulta frO~ activation of bl.d4lr afflrant, which oceuTI 

durina SBC or distenlion (1880, 1955; D.e Groat and Rya11, 1969; Winter, 
A 

1971; Floyd et al., 197~. Some of our ob.ervaUon,ara condltent with 

tha view that,bladder wall tln.lon, rathar than IVP, li tha Itimulua 

.ctlvating the receptor. of ~o,e bladdlr aff.rent. which mod:l.fied phrenic 

anel RLN el1ech.rge. Figure 12 1. an exaple of a ca .. in which an 

abnormally 10n8 SBe caueed an unu.u.l increa •• in Te from 3 to 6 .aeondl. 

Thl fir.t notice.ble prolonsatlon of Te oeeurred At an IVP of 14 ~H~. 

Alter wlthdr.wal of 15 cc of fluid trom the bladder. ~he luba.quent SBC 

c.usad an <lncraale. in Te only et .n IVP of 30 rmrH~. If Lapl.ce'a law 

for a Iphare can'be applled to the bladder,then a decra.aad 1atr.v •• ieal 
" 

,f' 

volume .nd the .ame bladder w.ll t.nalonwould b •• xplcted to produe. __ 
/ , 

Ir.ater IVP. Thil would expl.1n the lncre •• e in IVP n,ectact- to Ranar.te 

• T. iner ..... fter flu1cl .ithelre •• l. Tbe I.e peak tVP e.uaed • are.ter 

'iner .... ln Te dur1nll the firlt SBC • .--s1nce th. lntrav.11e.l volulIII "aa 
l 

J • '\J. 

1.rs.r durlnR the f11'at sac, more teuion mult h.va bun pa.rat.ct w1thin 
,. " 
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n,ura 10. Decru •• in the amp~itude of the iup1ration-aynchronoWl 
di.charRe of th. r.curr.nt laryngeal nerve (lU-N) co1-ric1d-
1118 vith th. d.cr .... in phren1c amplitude during SBC. 

\ 

PRR - intesrated phrenic act1vity; !LN - inteRrat.d 
recurrent lar;Dpa1 1lerve acciri ty; IVP - 1ntrav.aica1 
pruaur •• 
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Fisure 11. Decr .... in the amplitude of inta"r.ted phren1c activity 

1 
dur1n" .pontaneous contraction or dilteinJ±o1r (DIST) of 
the bl.ddlr. Rlcord from a v8gotomiaed animal. 

PRI - 1nte~rated phrenie ac:tivity; IVP - intrave.1eal 
pra.aur~'; SAP - ayatllll1e .rteri.l pr ... ur •• 
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the biadder ",all in arder ta mainta:f.n an IVP idenUcal to that of the , 

lecond SDC. The fact tha.t diatens10n of the blàdder ia allo e'ffecUve 

'in altering ph renie activity aUIge.tl titat bladder tension recaptora 

reapond to tension in the palsive elutic elaments of the bladdu, as 

'well as, to the activation of the contractile elements which occurs \ 

during SDC. 

.' 

In aeveral cases t contraction or distension of the bladder increased 

lys ternie arterial pressure (SAP) between 5 and 10 mmH~. The contour of 

the SAP increase was similar to the IVP contoQr (Fig. 13), but usually 

lagled behind the IVP by 2 - 5 seconds. J 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 
) - . 

,both CNS intact (Mukherjee, 1957b) and spinal preparationl (Mukherjee, 

1957a). lt 18 unlikely t~at cardiovascular affarents which may have 

be.n activated during the rise in SAP were mainly reaponlible for the 

effects of -SBC or distension on phrenic activity. In many instances 
, ft. 

a1milar reductiona in phrenic amplitude and frequeney were obtained in 

the absence of an in~reas~ in SAP (Fig. 7 and 8). Moreover t intra- 'W, 

venous_lnjec~iona of a preslor dose of noradrenaline or a saline bolus 

did not mimic the effecta of SDC or distension on reapiratory activity 

(Fig. 14). 

In arder ta rule out the posaibility that the changel in respira

tory activity ",ere due to deformation of' ne:l~hbouring .tructurae by the 

blAdder, the observations du ring SBC or distension nre repeated in 
.. .' 

2 animale with an open abdomen. , In th ••• experimente, reeult •• im1lar 

ta thole ob tained in the closed abdomen prepara tiOI\l were ob.enld. 

, -. 

( 
J 
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"Effects of SBC on l'eapil'atory fl'equency at 2 dUfer.nt 
b1adder volume.. The flrlt SBC cauaedllowiftR of 
r •• piratory frequeney at an IVP of -14 tI'IftH~. Wlthdrawal __ 
of 15 cc of fluid cau8ed the b1adder to relax and nlpira
tory.- frequeney to retura to control value.. À aeeond 
SBC at the lower intravelic:al volume cauaed alowin~ of 
re.piratory frequeney at a hi_her IVP (30 mmHR). 

o 

PR1t. - inteRl'at.d ~hrenic: ac:t1vity; RLN - inte.l'Ued .' 
rec:urrent larytllll:.a~ activity; IVP - 1ntraveaic:al pre.,ure. 
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naure 13. SBC evolte. incr..... in .ya tamie arterial pr.aaure (SAP). 
The decr ... e ln phrenic frequency and àmpl:1 tudé ln th!. 
«:a •• may be part1ally du. to th. ria'e in SAP. Record from 
•• aRotomi •• d animal. 

PlUt. - f1ftt.~rated 'Phrenic act1v1ty; IVP - intrav .. 1çal 
prea.ure. 
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'igure 14. An ,injection of noradrenaline (NA) to Droduee an lncre.a. 
in ayatemie arterial pre8sure (SAP), similar to the r,iae 
aeen durin~ SBC or distension (DIST) doe. not decrea8e the 
amplitude of the inte~tatecl phrenie activity (Ph l'). Record 
from • va~tomi.ed animal. 

IIVP - 1ntrav.aical pres. ure • 
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AI some bladder afferents run ln the hypogastric nerve, the 

effects of SBC on ~hrenic activity were examined before and after 

bliateral hypogastric nerve section. Section of the hypogastric 
1 

nerves in two experiments did not modify the effects of SBCs on 

phrenic ac.ti vi ty • 

2) Effects Qf Electricel Stimulation of the Pelvic Nerve on the 

Activlty of Inspiratorv Matoneurons in Paralvsed AnimaIs 

Since a large number of bladder afferents reacb the CNS via the 

pelvic nerve and sinee hypogastric nerve se~tion did not modify the 

decrease in phrenic amplitude and frèquency observed during SBC, 

stimulation of pelvic nerve afferents should mimic the effects seen 

durtng SBC. Repetitive stimulation of the pelvic nerye with 20 - 30 

secô~d trains at frequencies~of 5 - 10 Hz and intensities of 2-4 V 
Il 

decreased the amplitude of the integrated phrenic discharge in 9 of 

11 experiments. The mean maximal decrease was 25% (rànge Il - 40%). 
./ 

30 

An increase in Te was obtained in two experiments. 'Ibus the incidence' 

of increase in Te,was lower with electrical stimulation of the pelvic 

n'\rve than with SBC or distension. 

In four ca~s, the effects of graded stimulation of the pelvie nerve 

at frequendes of 5 and 10 Hz were studie~ C~:dèr to charaeterize 

the afferents mediating the effects on phrenic activity (Fig. 15). "ith 

repetitive,stimulation at these frequencies, depre8sion of phrenic 

amplitude first appeared at a mean stimulus intenaity of 650 DlV •. 

IncreasiÎlg the stimulus intensity increase!lt-"the magnitude of the 
-

depres8ion until a maXimum was reached at a mean stimulus 1ntena1ty of 

2.35 v. 
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P1sure 15. Depression of the amplitude of integrated phrenie activiey 
evoked by r.petitive stimulation of pelvic nerve afferents -
at 10 HI. toeressing the lntensitv of stimulation between 
0.5 and 2.4 volta increased the ~agnltude'of the d~pre8sion. 
Stimulation applied during perio~ marked by the bar. 
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. 
The intensity of stimulation needed to activate a Riven group of 

" 
pelvic afferents was El tudied in a separate series of experiments. 

The compound action potential evoked by pelvic nerve stimulation was 

recorded from either the S2 or S3 dorsal root in four animaIs. The 

number of pelvic afferents present in each dorsal root ls variable 

l ' 
and 1.s largely dependent on the arrangement of the animal' s 1umbo-

\ 
sacral plexus (Langley and Anderson. 1896). The average ~hreshold 

stimulus needed to evoke a compound action potential by pelvic nerve 
\ 

stimulation was 300 mV. 
~ \ 

Stimulation at this intensity activated 

fibres cOnPucting at velocities be~een 30 and 40 rn/sec. The compound 

action potentia1 evoked by pelvlc nerve stimulation had thr~ main 

peak! correspondin~ to actlvation of fibres' conducting at velocities 

of 30 - 40, 15 - '20, and 5 - 10 m18~ At hlgh ~tl ... 1atlon lnten.lt~è8 
(ca 10 V)", a C volley was evoked (0.5 - 2 ml ~ec) • Figure 16 is an 

example of an evoked volley recorded from the ~ dorsal root at 

various intensities of pelvic nerve stimulation. 

As statea above, the depression of phrenic amplitude could be 

elicited by activsting pelvic afferents Wi,h stimulation intensitie~ 

between a .65 and 2.35 V. Fibres with conduction velocities between la 

and 20 rn/sec were activated' at these lntensities. 

The effect of pelvic nerve stimulation on phrenic activity was 

dependent on the frequenc)' of stimulation used. In four eXperimellts 
\ ~ 
the effects of va doue frequenc!es of pelvic' nerv~ stimulation on 

Cl' , 

phrenie ampli tude were 8 tudied • Wl th .upramaximal 8 timulua lntena ity 

(3 - 4 V), the depression of phrenlc amplitude, averaged over the 

period o,f pelvic narve stimulation, firet eppesred st s frequeney of 
. ' ..... 

1. . 
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1 - 2 Hz. The maximum depl'e8lion oecurred at 10 Hz" and ct.crealad at 
~ . 

stimulation frequencies higher than 10 Hz (Fi~. 17). When a train 

. of repetltiye stimuli of CORS tant frequeney and intenaity was Riven, 

the mag~itudtl of t~e amplitude depression varied with time. As ean 

. -be seen from Figure /17, tn! maximum am~1itUde depression was usual1y 

reached by the firet or secot\d phrenic nerve bunt following the 

onset of stimulation. At lower frequ~ncies of stimulation (u8ually 
# 

below 10 Hz), the decrease in P~iC ampl1~ude wss el::th)' maintained 

(2 experimj!nts), or deeayed with Ume (2 experlments). The tendeney 

to return to control values ineresaed at n,igher stimulation frequendes 

in a11 cases •. In a11 cases with frequencies of stimulation above 

30 Hz, the maximum depression of phrenle amp'litude was leas. In two 

experiments stimulation st frequencies of 50 - 100 Hz caused, after 

an initial depression, a reversal, 1. e " an lncrease in phrenic ampli

tude to levelé above control (10 - 1~ lnerease). 
1 

ln one experiment ,~hibit1ng phrenic amplitude reversa1 and rapid 

.. , reeovery during repetlt1ve pe1vie nerv~ at1mulaUon. the animal was. 

hyperventi~èt-tt) a C02 leve1 which elimlnated th~ iQ.Spiration-ayn-
~ . 

chronous -phrenic discharge. A stimulus train (4 V, 80 Hz, 70 maee train 

duration) delivered to the pelvle nerVe exel ted phrenic motoneurons 

(Fi8. 18). 'This observa tian shows tha t pel vic nerve bladder afferenta 

have both exci~tory and depressant connextons .with phrenie lhotoneurons, 

but under most of our experimental eonditions, the latti'r are do-iinant. 
• 1 

~ . \.. 9 
In addition, the effeeta Been dUring .tim~lation at dUferent fret')uen-

cies are the reBult of the cumulative activation of the.e two inputs •. . \ 

Biahet;' frequlneiea either are not followed by the d.pr~.aant input or 

J 
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• 
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'Figure 16. 
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• a 

, . 
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<. 

- - . Five superimposed evoked vollies to stimulation of pelvic 
nerve afferents at'different intensities ecorded from the 
82 dorsal root. Trace A, 300 mV: Trace B, 0 mV: Trace 

,C, 2V; Trace D, 4 V: Dis tance be twee tim i ng and . 
recordin~ eleètro~es was 3.8 cm. Traces A, B, and C are 
10 mset sweeps, trace D is 20 msec. Vertical calibration 

, 250 Uv. 
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"suEa 11.' BUect. of graded fraquenc)' of attmulaUon of p.lvic n.ne 
afferents (2 V) on "aprelllo*f the a"plitude of 1nte
Irated pht:en1c acUv! ty. ~taX{" l depr.I'10n 11 obcalned 
betwee~ 10 4.nd 20 Hz. At h1Rh . fraquend, •• of .t1tl1ul&t~ot\ 
the averas. amplitude d.pr .. lion :la le,.. Taken frolll tha 
.... exped!Ônt as Fig. H. Stimulation appUed durln, 
perlod marked by bar. 
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" Figure -1.8. Flve superimposed trace\s of the evoked voU les to pelvic 
nervé stimulation recorded from the phreni~nerve. The 
inspira don synchronous ac ti vit y of phrenie motoneurons 
was eliminated by hyperventilatinst the animal (see ~ext). 

-- The top tr~C"e is the rectified. inte~rated (5 msec time '" 
constajlt) lilw ànd, hhll frequency~ componenfs of the evoked 
dischirge.. The lot.et trace 19 the hl~h frequency cOl'llponent 
of the, discharp:e (30 Hz - 10 kHz). Sweep ""duration 2 seconds. .. 
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alt~atlvelY, 'permit better'temporal lummation of the excltatory 

input. 
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The motoneuronl of the RLN behaved in a faahion I1milar to phrenic 

IDOtoneurons. The amplitude of the RLN dlacharge decreased ln 4 of 5 

~xperlment8 during ,low freqUenc~timulation of the pelvic nerve. In 

one ~xperîment, . stimulation of the pe1vlc nervI between 50 and 100 Hz 
, 

lncreaaea the amplitude of both the phrenlc and RLN ~lscharge. 

. \ là" . 
Effee . , Bladder Afferents 

Animale 

The observation that ~o pools of re~irator motoneurons (phren1c 

and RLN) reapond in a almllat f.lhion to activatl n of bladder afferenta (j---f? 

" aUlsests that part of the action df these afferenta ia on an input 
, 

common to both motoneuron pools. This doea not exelude the poa8ibillty 

that pel~le' bladder afferents affect phrenic motoneuronl at the apl~ " 

lev.l as welle Th. ~etf~ct~, of bladder afferents' on phren1c motoneurane 6 
, '~. 

at the spinal level were assessed ln two spinal cats. In one of the 

two, lt wal poa.lb1e ta ~liclt both excltatory and lah~ltory re.ponae. 

by act1vating bladder afferenta. In tht. experiment .ome phrenlc moto-
\ 

neurone were apontaneoualy active (Fig. 19). The pattern of activity 

dld not resemblé., in Any way, the phaa1c lnapiratory activ1ty .een ln 

CNS Int~c t prepare. ~lona • The motoneurans fi red tanic,Uy for per ioda 

of 10 - 30 1II1nute~ and 'then" the activ1ty gradually vaned ta return at 
, • \ 1 

soma later time (30 - 60 min). Durinl the perlod of tonie actlvity 

:l.t\lvas/ posa1ble to delbonatrate that~"1ve dllteNl~on of th, bladder 

(Fil. 19) or repetltlve stimulation of pelvlc nlrvl,afferenta inhlblted , 
,phrenlc ma toneurons • (4 V. 200 HI, 20 .. ee) appl1ec! to '7 

'1 
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Figure 19: Depr'esaio,lof .pontaneoui phrenic 'aetivlty ln an .eute 

1 

b _ 

, .pinel eat durinR diatension of the bladder. ContinuQua 
record. Distension ocêurs ln the 8econd and third panel.~ -

IVP - lntr.velie.l pressure; PRR - .pontaneoua ph renie 
.c:tlvity', "';!.-, __ 
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the pelvic nerve excited phre~c motonlurou (Fil. 20). the site of 

action of sorne of the inh1b1tory and excitatory ~ffecta of bladder 

afferents on phrenie d11charge 18 therefore at the spinal level. 
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4) Activi ons in the S ontaneouslv Breath-

i of Bladder Afferents 

Tbe deereaaed phrenie amplitude and fre~uency obaened in the 

paralysed, artificially,vent1lated preparation contraata with the 
" 

observations of previous investigators vho reported enhaDcement of 

re.piratory movements during mn1.pulation or large dia-tension of the 

bladder (see INTRODUCTION). Sillce the alÜ_la 121 their experiment. 
1 

were breathing spontaneously, ve evaluated the effecte of activation 

of bladder aff~rents on inspira tory motoneurons before and after 

muscle paralysis ~laxedtl. 

Diatension or active contraction of the ur.::lnary fdder i~reaaed 
the amplitude of both the phre~c and RLN d18cbarge in four apoDtaneoualy 

bru thing an1.mals (Fig. 21). Th_e effecta ve~e either aboli.hed or 

reversed with an intravenous injection of a paraly.1D8 dOle of Flaxedil 

(Fig- 22). .Recoverr fromparaylya:1.a 1 ••• eociated vith a return of the 
II' 

amplitude increase aeen dur1n~ SBC or di.tension. 
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Figure 20, Excitation of phrenic motoneurons evoke~ by pe1vic nerve 
stimulation in a spinal aninal (see text). 20 super
fmposed sweeps. Sweep duration 50 msec. Vertical cali
bration 100 UV. 
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Pipre 21. Distension or contraction of the bladd.r iucr ..... t~ 
.pl1tude of phrertic activity ~n a spontaneoualy breath.-

i J fila animal. In both cases j note the initial $Mll 
d.pre •• ion in amplitude which precedes the incr ..... 
Reco~d tak.n from a vagotomised animal. 
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IVP - intraveaical pre •• ur.; PRR. - integrat:~--prenlc 
activ1ty. ' ~ 
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Contraction of the bladder increaeea the amplitude of 
inteS1'8ted phrantc aad recurrent laryngeal net'Ve ac t1vity 
iu th. -spontaneoully brea~;ns animal (Pauel A). Alter 
injection of a paralyaiag ~.e of naxedU (Panel B) t the 
aaplitude of both the phrenic and RI.N diacharae decr ... es 
durlng a _pontaueoua bladder ~ontraction. 

1VP - Intravealcal pre •• ure~ PHI - integratecl phAnie 
activity; RLN - illtearated recurrent laryqeal nerv. 
acUvity. 

-

l 

" ' 

~ " .. 

\ 



c' 

o. 

.... 

V. DISCUSSION 

o 

The re.ults of this study d~onstrate that bladder Afferents 
Il 
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have reflex connexions with the neural circuitry controlling respira-

tian. Spontaneous isovolumetric contraction or distension of the 

urinary bladder decreased the amplitude and frequency of the phrenic. 

bursts. ~e reduction in amplitu~ was associated with a deerease 

in the slope of the integrate~Phrenic activity vhe~eas the deerease 

in frequeney was mainly due to an increase in the duration o~ 

expiration. 

The changes in phrenic activity vere not primarily the result of 

changis in ~Y8temiC arterial pressure, which at ~times were associated 

vith SBCs or ~istensiont sinee similar changes in phrenlc aetivity 

oecurred in some experiments in the absence of Any change in SAP. : 

Since the animaIs vere paralyzed.these results could not he due to an 
f . 

increase in soma tic motor activity known to oecur during SBC (Mellanby 

and Pratt. 1940). These results were a1so not due to activation of 

other abdomina~ visceral Afferents by deformat1on of viseera adjacent 

to- the bladde'r since simi1ar results vere obtained vhen the abdominal 

cav1ty vas wide1y opened. 

lt seems likely, therefore, that the decrease in phrenic amplitude' . 
and frequency is due to activation of bladder Afferents which is known 

to o~cur during SBC or passive distension (!lgo, 1955; Floyd et al., 

,1976). Single unit stuc;lies of bladder. afferents have de1llOnstrated 

the ex1s~ence of both slowly, adapting and rapidly adapting _chano

reeeptors whicn are activated during distension or eontraction of'the' 
1 

bladder. 
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The majority of bladder afferents in the pe1vic nerve beheve as 

alowly adapting mechanoreceptors (Iggo, 1955; Winter, 1971; Arlhac, 
\ 

1972). These ~chanorecep~ors are thought to be functionally in 

aeries with the passive and~ctive tension devë10ping components of 
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the b1~dder wall (Igga, 1966; Leek, 1912), and as shawn in Figure 23, 

their firlng frequency approximately paralle1s the IVP contour during 

an isovolumetrie SBC. These mechanoreceptor afferents exhibit little 

or no tonie aetivity at low intravesical volumes (Winter, 1971; Ar1hae, 
J 

1972). Slow fil1ing of the bladder i9 assoeiated with an increase in 

the aetivity of these afferents with superimposed phasie bursts 

assoeiated with the small bladder contractions seen during filling 

(Winter, 1971; Ar1hac. 1972) (cf. Fig. 6). Little or no efferent 
\ 

activity is observed between the rhythmie SB Cs ~ecorded under iso-

volumetrie conditions. 
1 1 

In addition to the elow1y adapting mechanoreceptors juse described, 

the pelvie nerve also containe axons of rapid1~ adapting mechano-

receptors whieh have been loeated in the b1adder mucosa and in' the 
, 

peritoneal reflections surrounding the b1adder. The units in the 

mucos_a Ure with a short burst of action potentials during the rise 

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

dec1ine in IVP (Arlhac, 1972). 

Bath slowly and rapidly fdapting mechanoreceptive bladde~ 

afferents have bean identified in the hypogastric nerve (Fi,_ 24). 

Bilateral section of ~he hypogastric nervé. during SBC had no'effect 

on the amplitude or timing of the phrenic discharge; activation of 

bladder aff.r.n~: in th. Pel~iO nerve i. tb.~fore suffioient to 

(' 
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Figure 23. ,Taken from ~eek, 1972. Acttvlty of a aingle pelvie nerve , 
bladder afferent during a spontaneoua bladder contraction 
(closed circlea). The fir~~ of the afferent p~ra11ela 
the bladder pressure contour. ~ 
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med1ate the observed effects. Electrical stimulation of pelvic nerve 

a\ferents did decrease the phrenic amplitude and in two cases increased 

Te.. The conduc tion veloc! ties of the afferents mediatins the decrea.e 

in phrenie ampli tude (10 - 20 m!sec) ~re "ln the range of those des-_ 

cribed for the slowly adapting mechanoreceptors in the pelvic nerve 

.(Winter. 1971). The Ume course of discharge of these afferents fits 

the Ume course of phrenlc' effects durlng SBC or bl~dder distension. 

Rapldly adspting mechanoreceptors i01 bladder mucosa could not 

account for the sustalned effects of SBCs 0 bladder distension on 

phrenle discharge. Similarly, rapi9ly adapt ng mechanoreceptors ln 

the peritoneal folds surrounding the' bladder eould be d1scounted~ ln 

.ddition, the conduction veloc1Ues of these afferents \(25 - 40 m/sec; 

Winter, 1971) are greater than those of the Afferents responsible for 

the decrease in phrenic amplitude. 

We have suggested (see RESULTS) that tension within the bladder 

wall Is the stimulus J!lesponsib1e for the activation o~ afferents 

mediating the chan~es in phrenie dischar,ge. Tension changes within 

the b1adder: wall have a1so been suggested to mediate the' incresse in 

systemic arterial pressure whlch OCC1US during SBC or bladder disten-' 

slon (Watkins, 1938; Mukherje~. 19S7b). Local1Ze~raction on the 

t,rigone, the area in which mos t of the te on receptora have been 
'I 

localireed, also increases SAP (Taylor 1968). Pelvic nuve afferents 

conducting in the A gamma-deI ta rang have been shawn to Activate 

lumbar (De Groat and Lallev,1972 thoracie (our unpublished 
" ) , \ \ 

./ 

observations) sy&npatHttic 'pregangl1onlc neurona. Thele afferenta 

a1&o cau8~ contraction of expiratory aud t:::.~ !"lOci •• la the 
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.• pontaneoualy ,brè.t!'lng eat (Yamamoto et al., 196Ib).' 
, ~ 

To 8ul1l'R&rise, we SUgg8St that 'the slowly adapting bladder 

'~ehanoreceRt~~ with afferenta in the pelvie'nerve, w~1ch r.8po~d to 

o~hange8" ln b1adder' wall tension and whlch have conduction velocitiea 

in the A gamma-delta range, are responaible for~the effects of SICar 

, or bladdel" distension on phrenlc, di~eharle. 

Although the amplitude of the integrated phrenic discharge 

decreased during SBC, bladder d1stenslo~, and lev frequeney 8timulation 

of myelinated pelvic nerve afferents, observations in partieular experi-
-

ment~l conditilna sugsest that b1adder af"ferents actua1ly exert a mix-

-ture of facilitatory and inhibitory effects on thê neura1.circuit~ 

controlllng respirat~on. At frequenele. of pelvic afferent stimulation 

abQve 30 ~Zt th~ decreaae in phrenic am~litU\~ i8 le88 than at lover 
l ,_ • 

frequenciea of 8timulation. ln addition, ~ rate of recovery of the 

phrenic amplitud~ toward8 control valbes during maintained high 

f~equency stimulation increa •• s. At hlg~er frequencie. of 8timulation 
ij 

(Sa - ldo Hz) pbré~lc ampli tudé" ac tually i~creased. The !LN diacharge 
". 

behaveel in a manner similar to that of the phrenic. Evoked excitation of 
~ 

phrenic matoneurone could a189 be ob.eNed in one animal in whieh 
• r> 6 • . " 

rhyt~ic phrenic nerve acti~ity had been 8uppreased by hy~erventilation 

in air. 

The exci ta tory effecta 01 bladder af terents 'On reapira tion are 
~ , 

aore .asily ob.erved in the spontaneoualy ~reathing animal. t In tbis 

preparation~ SIC, or bladder diatensiqn can iucrease the ampIit~de of 
tl' ~ .1 • 

~~e in~e8rated phren1c dischaTge. The excitatory effecte of bladder 
.. " 

afferentl are èither abolished or replaced by depr ••• ion after mu.ele 
. /' 
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paralyaie. The moat llkely explanation for theae observations 

paralysis abolishes the 'activ,Üy of some 80matic afferenta whi h are 

moat p~obably act1vated by contractions of respiratory muscula 

aince this is the only observable 8~mat1c motor activity dur! g the 

experiment. Paralysie would also block the inspiratory synch onous 

gamma efferent input to the apindles of the respira tory muscles 
1 \ 

(Critchlow and Von Euler, 1963). The somatic affer~nts activated 
"'. 

during spontaneous respiration may facilitate the excita tory effecta 

of bladder afferents. -/ 

Bladder afferents decrease th, phrenic frequency, an indication 

èbat the action of the~ afferenta la on the brainstem reapiratory 

oacillator responsible for the aetting of reBp1ratory cycle duration. 

The decrease in phrenic amplitude in paralyaed preparations durina 

SBC, distension or low frequency pelvic nerve st~ulation.or the 

incr~a8e in-amplitude during high frequenoy pelvic nerve stimulation-

or during sac or distension in spontaneously breathing preparations 
, 

ia paralleled by similar chan~es,tn RLN amplitude. These changea 

are likely to be due, at least in part, to an action of bladd.r 

Afferents on the brainstem oscillator sinee a similarlity of effects 

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

i.e., the oacillator. Resulta obtatned in the acute spinal prepara-

tion have also shown that activation of bladder afferenta can both 

.xci~e and inhib1t phren1c bOtoneurons through intraspinal circuits. 
D 

The interaction between spinal and 8upraspinal circuitry' involved ~n 
" 

1 the madiation of the change. 1n phranic amplitude cannot be det'rmined 

from the present data. 
e 

/ 

.' 
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~~~~.ti~~haraeterlatic of tha dlerease ln re.piratory 

'~ 

frequency cau8e~ by bla~fferents wa~ the large num~er of casea 

in which Te was prolonged without a coneomltant prolongation of Ti. 

These data contrast with the view that the control of Te ia t1ghtly 

linked to the control of' Ti (Clark and Von Euler. 1972). This view 

l, based largely on the reau1ts of experiments which demonstrated 

an approximately 1i~ relationship between Ti and Te. ln these 
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exper:lments. Ti was changed as a tesult of modifications of pu1monary 

atretch receptor Afferent activlty caused by varylng the degree of 

inflation of the lung8. Evidence has been aceumulating, however, for 

an lndependent control of Te. Te changes independent of limi1er 

cbanges in Ti have been observed t,n 10llle experimental conditions. A 

decreaae in respiratory frequency' due aole1y to an inereaee in Te,bas 

beed) described during statie lung inflation (Bartoli et al., 1973). 
. .--' 

lung inflation in expiration (Knox, 1973; Von Euler and Trippenbaeb, 

'-- 1976), distension of the pulmonary v.aeu1ar bed (Lloyd, 1978). 

carotid sinus nerve attmulatlon during expiration (Eldridge. 1976), 

" and repetitive sttmulation of sympathetie viaceral affarenta vith 

conduction velocit19s in the A gamma-delta rànge (Kostreva, 1978; 
, ' 

Prabhakar~ 1978). 

Afferents from the urinar~ bladder in conjunctlon with other 

abdominal vilceral afferentl may contribute to the aetting of ~e8pira-
, ' 

1 ...... 
tory drive and frequency. In addition, the axeitatory connexions 

b.tV~en bladder afferenta and lnaplratory mdtodeurona may ai~ ln 

/ refle~ly lncreaalnglntr.-abdomlnal preaaure ddring refle~ micturltlon, 

thereby enaur1ng more complete evacuatlon of' t~e bladder contenta. 
1 

/ 

Such reflex œechanlsma have prevloul1y b~ aUlleated (Yamamoto, 1961a; 

Iturta, 1965). 

/ 
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yI. ,SUMMAltY . 

The pur'pose of thls work. ba. been to evaluate the effecte of 

ur1nary bladder afferents on respira tory act1v1ty and to examine 

tbe circuits tbxough wbich these effects are mediated. 

1) The re.ponses of two pools of inspira tory motoneurons (phrenlc 

and recurrent laryngeal) to activation of urinary bladder 
, ' 

Î 

51 

1 

afferents bas been studled in Nembutal ana'esthetized, paralyzed, 

2) 

artlfiGially ventileted cats. 

Distension or spontaneous neurogenic contraction of tbe urinary 
1 

, .. 
bladder decreasad tbe amplitude and frequency of the insp1ratory 

burat activ1ty pf both phrenic and recurrent laryngeal matoneurons. 

3) The decreased respira tory frequency was due maln1y to a prolonga
~ 

tion of the exp1ratory phase of the res~iratory cycle. 

4) Section of the .hypogaetric nervas did not mod1fy the re.ponae of 
• 

phrenic 'matoneurons to bladder contraction. 

5) ,Low fr.queney electrieal stimulation of pelvic nerve, afferenta 

with conduttion veloeltles in the A gamma-delta range decrea.ed 
y 

the amplitude of both the phrenle and recurrent. laryngeal nerve 
1 

dilcharge and in some case. prolonged the duration of the 

, Î expira tory cycle. 

6) - High frequency sUmulation of pelvic narve afferenta with COll-
, 

durelocities in the A 18IIIIQa-delta range iner ••• d the 

), amplitude of the phrenic nene and recurrent laryqul Dlerve 

dilcharge. 

• 1 
'f 
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7) Co~traction or dia tension of the blad~er ln .ponteneou.ly breath

iog animals incr~ased the amplitudes of the phrenic nerve and 

recur'rent laryngeal nerve diecharge. The ipcrease in amplitude 

8) 

9) 

could be elther aboliahed or reveraed by paraly.ls of the animal. 

'Activati:n ~er afferents in the acute spinal animal both 

depressed and excited phrenic motoneurone. 

Theae data suggest that bladder afferents make.both excitatory .. .. . 
. and lnhibitory connexi~ns with the neural circuitry invol\red ~n 

/ 

the control of r~8piration. Effects of bladder afferenta on 

J 
phrenic mOltoneurone could be medlated via spinal circuitry. 

Th.e data suggeat, howaver, that large effecta of bladijer 

affarents on respiratory motoneurone are exerted via. an action 

on the\brainstem.respiratory oscillator • 

. ~ " 

The work outlined in 'this summary aQd presented in detail in ' 

t,he RESULTS aectiol)' 1. oriRinal. 
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