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nLdullary c;rculat;on whlch ght account for sigﬁificant sodiua vetention,

-o.

Durlng the pev;cd of 1968—09, an.attempt was nade - to determine whether ths

B

) cardlac receptors produced a fudlst“lhuthﬂ o= lnLra"enal b1ood flow. The

method of ‘choice was a silicone pﬂrqulQﬁ technlque developed by Dr._Q1dney S.

Sobkin, Department of Phy-Jolog} and elggﬂnh¢y us ed by Dr Barger of Harvard
Un;versmtv Ba.gcr and his co-workers had presewted ev1dancn tbau the renal

nﬂrves are 1nfluﬂnt1al in x distributing blcod flow frcm_the cortical to the -

Bonh the kIthOﬂ wash~out technique and silicone casting technigque were used

to demonstrate this redistribution pheno“ena.

Stlnulatlon of the cardiau receptcrs by 3051t1V° and negat;ve Prassure

'breathing failed to elicit a cast pattern similax to that“obtained by Barger

and co-workers. Further, thare were no significant. dlff&rEnC°S in tha ¢ astgd

patterns of innervated or contralateral denervated ki&neys (Fig. l}. Then

‘séve al attempts were made to confirm Barger' s obse*vafvons th dlrect “enal .
'.nérveAstimulation produced the phenomena, We were unable‘to xeProduce the
fBargeﬁlpattérn (Fig. 2). After a ralatively 1on§ pericd éf failure to elicit‘
‘patterns comparable tb those pubiished by br, Barger and co—workers;'it becare .

~evident that the technique of silicone casting differed., Following in-situ

renal nexve étimulation, Dxr. Barger and colleagues rcmoved the kidneys from
the body, lnterrubted blood flow, cannulated the renal grtbry and then
perfused the sxllcone castlng_materlal. Dr, Scbin's technigue used in our

studies consisted of cannulating the abdominal acrta and inferior vena cava

with rolyethylene T tubes without interrupting flow to the Xkidneys. After a -

stabilization peried,flow was interrupted and gilicone casting fluid was perfused

instantaneously at physiologic pressures.



A slglnelcan+ aeffort waﬁlnace, folleWLng uee rELognleeon of the dlefe*ences
L‘ln technigque, to evaluate whether these tmchleLeS of and by thewselve; could
_(uccount for the leferences in flndlngs.; The technl~ue conslsted of perfublng

'ewe xlduey 1n~sltu (Sobin technigue) following the excision of the coa;rhlate:al.

.' kldnej for subseuuent PQTLLSlQﬁ Out ide. the. body (Bergev technlque). Tﬁe

slllcone perbuolon pattern in tbe excxsea kidney resembled Lheae preseeted bj

2 Bargef and colleagues, and could au;te readily be 1nt¢rp*et=d as demoﬁSe-atlng

‘xedlsbrlb tuion, wnlle the in ltu Aldnﬂy showed no. evlaence of a redletrlbueed
pattern“(Eig. 3}. The patiern in the en 51tu verfusad kldﬁey was:ﬁ0151stent

'Zwmth all our prevlous WOZK. It was cohcluded frcw these rtuules thet the
' rﬂdlstrlbuted pattern of renal blood £low as prev1ously demoqstrat.d by tbe

,:511lcone casting technique was p?onanly arhlfactual. ’;hls work was presented.

1n abs**ect form at the Federatlon Proceedlng deetlrgs of 1969. in Chicago. |

(Abs**act is encTOSed).

During the period of 1970-71 an extensxve effort was made to deeernlre

5
-

'1,whetbex the atrlal recep*ors had a prcnounced influence on sodlum e#cretlon and
by whet ef‘erent petnwa;s were these- receptors aieectlng rewal function, ﬁhe

studles CGnSlStEG of conparlng the resaonse in an innervated to ‘the contraTateral '
hronlcally denervated kldney to mlld positive pressure breathlng (PPB) in the :

sallne vo‘ume expanded cnloraloae anesthet;zed dogs. In the gbsence of

' ,sxgnlflcant changes in arterial pulse pressure oOX blood gases whlch excludﬂ

any 1nflueﬂce of the chemo—receptors and hlgh—pressure barerecep.ors, m;lq
positive pressure breathing 51gn1f1cantly reduced sodium excre icn, urins £lcw,
.freenwater clearance, and paraminohippuric acid {PaH) - clearance 'The response
in the normal aldney was more rapid and nore marked than that in the contra-

1et~:al deqervated kidney when 9051t1ve pressure breathlng vas 1nduced Sﬁall.

et insignificant changes in glomerular fl’tratlon rate (GFR) as measured ny

oy



3'
cereatinine clearance were algo in evidence. The reduction in GFR could not

" ‘account for the changes in urine flow and scdium excretion as fractional urine

"-flow and fracticnal scdiuvm éxcretion were as significantly deprassed as hgxmal

'ﬂ"eodlum excretion and urine flow (ri igs. 4 and 5}, After twenty minuies of

 positive ﬁ:essure breathing, the response in the denervated ki&nay_wasuidentical“
ﬁo’thét‘in the inrervated kidney suggesting tﬁat ﬁhe‘précédura df increasing

- end expira tory aixvay prQSSLre (ave. 13.5 cm HEO] cauged the relﬂace of scne.
.ﬁumﬂra%-agent (natriuretic hoxmone) Which wlll reduce rﬂnal funcL;on in uuuitibﬁ
lﬂtb the demonétratcd chaﬁge in renal ﬁerva activity.. Thugs at 1ease th:e‘ effazent
.ﬁschanisms are iﬁvolved in »he atrlai."volune” receptor effocts on renal functicn:
ant'diuretié,hqrmoné {Rbﬁj, renal nerve_activity and possibly natrigzetic hormene
:jwhich resulté in ths mainfenance of'plasma volure, ﬁhis work was prequnued _n
;hbsiract form a; thé Federation Procaadings Meetinés in 1§69.in Chicago. Furthe:,

a preliminary report of this work has been publ*sned in Research in Fxnrrl*ental

et L e . et ampds tewaae e e . . R e an

-

Jééicine, vol. 157 (1972).- C001es ‘0f both the abSuract and the axtlhle arh
gnclosed. A nanuscript is also in preparat on. : |
) Tée gnec1flc contribution of the left atrlal receptors fo the antlnatluretlc
effec; of PPB was also examlned in ordﬁr to evaluate the contrlbuélon;.a
‘féhrénicélly implantable balloon-device was developed (Fig. ©). The devicsr
‘:‘;oﬁsists of an external silastic tube 1/4 inch in diameter and a size 14 (Fr)
:f;lé§ uiinary retention.catheter with a § cc rétention ballcon. Two dacron falk
fstainleésAsteel sleeveé are ﬁlaced over the a_laSth tube, one is glued at thb
;enq vhich- is to be lﬁb&ft&d into the at_lal anpendage The other is POSLthnmﬁ
qt tn- pomrt of rib closure o prevent pinching of the out&r tube.
The TFoley cathetgr'is inserted into:thié pﬁgvicusly prepa;éd tﬁbe. iThe davice}
ié thEn.sﬁtured into the atrial apéendaga which hag heen e#pmsad fhrpugh éhg

“-iaL:th intercostal space 1n the pentooa.blbol anesuh tized;dcg. Folleowing

H

2CAVETY of‘the_anlmal, experirents were carried out.in chloralose anesthetized



4—.

The effaciivenress of the deavice in increasing lefi_atrial pressure,

' heart rate apd urluu ;low was te"*=d gnd the response compared (to the published

reporxv of otne_a. It waz Ffound that our resulis cc;parﬂd Favorobly. Ve

obse“ved an increase in hear ﬁéﬁé; and ux '“lne xlow Ulth.Cﬁan"uS‘
:. _p:*.:essr'e.me {I-‘igs. 7‘.‘.3.5.:51 g8). | | )
~Thg‘contrihuti6n of the left atrial xecePtoﬁé’to the P a
A;then exaﬁined;. It was ﬁouna that if left atrizl pressure wasAinczeésad ﬁith
‘fﬁalloon 6bspruction of tha'mitrél.orifice during éha P?é ép-sodes{ urine flow, i
':soaium éﬁcration and PAH clezrance inéreaged. When tu; bhlloon was defl ted -

'-anﬁ PéB mainiained; renél function %as again deps aééf.. 'The.magnitude of tha

.,

revey sﬁl in leH&J function lndicates thdt the dischaxga fromﬂmoxe thdn one set

c” “Lcebpors within the tho“ax eavabln of affecting Aenal Fvnhtlon ig alte ad
by 225 (Fig.9 Yo

Fuxrther, erfort were made to identify what those additional receptors

Taight kel vary prel"_w.n' ary evidence wis obtained which indicates €hat

3
0
L.
'L:_
b
ry
w
[0

n the rig§£ aﬁriuﬁ.arg more geverely ;ffected by PPB than thcée in
-thé leZs atrium, The PPB dapﬁ- sion in firiﬁg rate ffcm iéft atrial receptors
was 33% of control, while'the_rigﬁt atrial receptors had about é 60%.ih_thei£ _
 firing ?ate. Tha qua;- tative dlffere“ce in the re~ponca of thesge t:o recebtor
re91015 agcoﬁnts Lor tha lnanlilty to comnletelv reverse the reﬂal resoonse to
PPB with laht atrlal ballcon Lnflatlon In addition, the senitivity of the

.

atxial recéptors was re-exgmined, It was found thaib the B type receptozg of

“

Paln:al €ecrea~a their flvxng w1uh as little as a 1% reduCtlon in tDuﬂ* nlcod

volire,
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Effect of necative vy re n:e_th-ag on the sili one

=

cast pattern of the rEnal vasculay systen,

Effect of renal nerve stimulation on the silicone [filling
of the renal vasculax syate .- F . , -
Effect of excision on the silicone rukber f llllnq
renal vaseula_ svstcm & : o
Frahtlonal uripe flow (UV/C e*t) durlng 15 minugtes of FOaltLVD -
pressure Hradtleg. At 13 &n H,0 m2an trachzal alrzway pressuce.
"park bars are the 1nnurvate Fiqﬂ“js qnd +he white are the
contralat@ral denervated kidney :

m

+

Frectional eodiwm excretion (Pud/ccv} Auring 15 minutes o*'
positive pressure breathing at 13 om 30 meon tracheal

airway pressure., Dark bars arz the innesvated kidneys and
the white gre ths contralateral denervated kidneys, '

RBalloon devica implanted into the left atrium,
Effect of balloon inflation in ths Jeft atrium on mean aorti
pressure {MAcP}, left atrial pressure (LAP) and heart rate,

-Bffect 0f ballcon inflation cn urinary parameters, - -UV. = urine
volume, GFR = creatinins clearance, Copn ™ cleavance of
para-amlﬁohinﬂnrlc acid, Cy,0 = fxee watea clearance, and
U%a odivm excretion, : ‘ s

| Effect of balloon inflation duxing posltlva prassure b*eatnlng
(CPB) on urinary puraretérs.

i

* The light areas are the silicone rubber.
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M3 MICROCIRCULATORY
CRITIQUE OF RENAL SILICONE ELASTOMER PERFUSION, L.¥.Chapman*, -
H.M.Tremer, 5.5.8chin. Univ, of So. Calif. School of Med.,
Pept. of Physiol., Los Angeles, Calif. 90033, -
Change in the functional state of the microcirculation with-
in an organ may be demonstrated by Intravdscular “physiologic”
perfusion of s{lfcone elastomers under cqntrolled expericental
:  conditions which fnclude an undisturbed circulation until the
' moment of perfusign. These technlques vere developed in this .
lsboratory (l4th Conference, this Society, Fed. Proc. 25:1749,
1966), Others have cricently studled the reaal microcirculation
using silicone materials in which perfusion was -carried out in )
situ after death ot ex vive after removal from the physiologie-- =~
sl stioulus. Our insistence oo citculatory Integrity was based =
solely on pliysiologic considerstions, and experimental proof
wvas cbtained by comparing in five dogs the filling pattern of
in situ perfused and excised ex vivo perfused palrs of kidneys
expozed to the same neutogenic stimulus elfcited by bilateral
carotid artery clamping. Tne time berween clamping and pet-
fusion was 4 and 10 min. in 2 groups of animals in the ex vive
preparation. The pattern of the in aftu perfused kidney was
severely diminished and chiefly confined to the cortico-medul-
lury junction when compared with the £x vive kidney where the
cortex and ceduila were more Censely £illed. It fs concluded
that microvesrplar £1l1tng dering silicone elastomer pevxfucion
and a physiological atimulus fa markedly altered by removal of
the kidney from the stinulus prior to perfusion. Supported by
L.A. County Heart Assoc. Grant #218 and N.1.H. Crant #HE-IIIS:.’.J .

[
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. KEURAL EFFECT OF CAADIAT RECEPTORS O!f RENAL SALT EXCRETICN.
L.¥W.Chapman,* U Mittrann® and J, P M22han, Uolv. of So. Calif.
Bche of Fed., Los Angeles, Colifarniz 20033,

Tne contrituticn of caxliac rezeptors on-the rezal response
to feotonie saline expassion of the extracellular stace has
beea studicd. Norznl end densrvetled kidneys of seoven dogs )
under chlordlgde ansitiesia {190 cafna) Yere clopured to detera

: smine & peursl juvolvesens vhich has been denied (Carswell, =t -
17, 'al, Q.J.Exp-Fnysicl. 1972). Followirg 1.¥. saline expansicn
(12 ml/oin), irhiditien of the cardin: receptors by specific
reduction of thoracic tlood volume vas aceomplished by positive

pressure Lreathing (FF3) (9-15. cm 220 end expir. press.) for

50 min. In edditien oo PPB the left atrius vas distended for

20 mip. by e chrenically isplanted left atrial bzlloss 15 cin.

after onset of Pr8. Acstic pressurs, erterial 7H,. plo, o002 R

2 regalned unchersed throughcut the entire experiment, FP3
caused an iuzediate drcp in urine fiow, Y¥a & K excretion (20%
in § min} with a 12% reduction of C-PAS in 5 min Ly the insers -

. vated kidrey vhile no change of these yareceters cccurred im
the denervated gidney at § atn. {reatinipe clearance remsined

" wnchanged. Inflaticn of the taleon interrupted ike drep In
urire flov and ralt exsreticn susgesiicg that receptors io the
left etrius mediate chazges fn sodiuag excretics in the prossnce.”
of Algh circulatirg levels of ADH as irdicated Ty the decrensed .
free vater clearance. The ir—ediate rosponss ard diffarence
betveen fnnervated and denervated kidseys suggest that cardise -
receptors effect reral funetion by reural pathvays.Supperied by

_A-F.Contract #53-5137-173%, L.A.Co.Ht.Assn.goLs, KIA-FER1lse. .

FED RR0C 1971
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Neuraler Einflull von Mechanorceeptoren des Hersen)s
auf die renale Salzausscheidung

" Neurul Taflucnce of Cardiac Aechanoreceplors on the Renal Salt Fxcre ion

o U MiTTaasy, LW Clearsas, J. P Meenas und J. PO HESRY
: University of South California, Sehool of Medicine. Los Angeles, Calif,

Dic Lage von Dehnungsreeeptoren im Nicderdrucksystem des Krei
- laufs, Lesonders in der dorsalen Wand der Vorhofe und an der Mindgng
* der grofien Venen in die Vorhate]6.7), lieB vermuten. da8 sie Informatjon
“@iber den Fillungszustand des vendsen Systems an das ZNS vermitte|n.
Gauer u. Henry [2] wiesent nach. dall eine veriinderte Dehnung des linkien
- .y . . .. i - i
Vorhofs das extracellulire Flissigkeilsvolumen iiber die Sekretion von
© Adiuretin beciutiuBt. Fin funktioneller Zusammenhang ven kardialen
Dehnungsreceptoren mit der renalen Natriumausseheidung blich um-
- gtritten, zumal cs be) pathologisch crhohtem intrathorakalem Blutvolu-
men (ITVY) in der Herzinsuffizienz zu einer Natriumrctention und nicht,
wie nach der Receptortheeric zu erwarten, 21 ciner Natriurese kommt. o
i Shasr A
In unseren Versuchen solite geklirt werden. welchen Einfluf} eine ver-
. minderte Dehnung der kardialen Meehanoreeeptoren auf die renale
Natriumausscheidung hat, wenn eine Beeinflussung der Nierenfunktion
durch verinderten Perfusionsdruck oder artericlle Baro- und Chemo- R
receptoren ausgeschlossen wird, Der mibgliche Rinflug des Nierensympa- ‘
thicus auf die Nierenfimktion sollte durch cinen Vergleich von innervier- .
_ter (IN) und denerviertes Nicre {DN) untersucht werden,
Methodik. Kontinuicrliche Uberdruckbeatmung (PPB) gilt als gecignete Methode,
um das 1TV und damit dic Dehnung kardialer Machanoreceptoren zu vermindern K
- [5}). Die Versuche wurden an 18 gemischtrassigen. weiblichen Hunden, deren linke -
Niere I Woehe vor dem Versuch denerviert worden war, in Chloralosenarkose ‘
—m’»u‘(l(}ﬂ—l'zn..mg,fk;_;} durchgefihrt. Die Tiere (205 ko) wurden 1 Std lang mit pe- PR
* 7 pufferter Na-Bicarbonat-Kochsalzglisung vorhydriert {12 mlisin; pH 745; 38°C; IR
308 1nosiigi). Danach wurde die Infusionszeschwindigkeit dem Harnzeitvolumen
{UV) angezlichen. Bei konstantem UV wurden dic Hunde intubiert und 15 min lang
mit Uherdmcken von 20310 em H,0 inspiratorizch und 5—15 et H,0 exspirato-
risch beatmet (Harvard Respirator]. _ S
¥x wurden die Drucke in der Aorta, Vem ilinca und im rechten und linken
“Vorhof mit Stathameiementen und der Flud in einer Arteria femoralis elektro-
~ magnetisch gemessen und auf cinem Direktschreiber fortlaufend registriert {Brush
Instr. Div.) Arterielles pH, p0, und pCO, wurden mit Radiometer-Elektroden ge-
messen. o
UV, Kreatinin {Cgy) und Paraaminchippursiure-Clearance {Cpam) und Harn-
Natrium-Konzentration (Flammenphotometer) wurden in Abstinden von 5 min
getrenat fur [N und DN gemessen {Technivon Autoanalyzer). Untersehiede zwischen
~ der Kontrollperiode und der Peatmungsperiode und zwischen IN und DX wurden
it Varianzanalysen geprife (8]

&0%) /mc/ /‘(7’77‘"1 % 1972
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a\bb 1. Hnnm‘:tvolmm-n {79 Natriumausscheidung (V1) und Freiwasser.
~ Clearance withrend 15 min Cherdivekbeating (228 I;) mit: 9 em H,0 in inner.
vierten {schwarze Siulen) und denervierten Nieren {weille Sitnden) von 18 Hunden.
UV und UNaV sind in den innervicrten Nicren bereits nach 5 min PPB ;.igmh]mnt

vereingert. Bine Verminderung in den dencrvierten Nieren ist m;,_ml"lm,m. geringer

lm:] zeitlich verzhgert

Ergebnisse. Wihrend 15 min PUPB (9 em L0 nittlerer 'I‘|m'iu-aldruck)
waren avtericlles pll, pO, und p't), nickit '\I"!’Hfll\r‘.llf veriindert, Systo-
lischer und diastolischer Aortendruck blichen ebenfulls mw(,r.mdut 8O

daB cine Beeinflussung. der Nicrenfunktion durch artericlfe Baro- und”

- . . ! L
Chemoreeeptoren unwahescheinlich war, Die Dimeke im rechten und lin.
ken Vorliof und in der Vena iliaen stiogen wm etwn 2 mm Ly l)w Herz--

frequenz sticg von 11O auf 138 Selliige/min an.

Bereits nach 5 i PPB i) das UV inder IN vou 4,2 4. d,(i ul/min
auf 3,7 - 06 mlfmin ab, wihrend es in der DN unveriindert blich
(p < 0,05). Nuch 15 min PPB war das UV in der IN une 209, und in der

iu

DN um {19 vermindert, Der Unterschied zw ischen 1IN nnd NN wnr-

~nicht mebr signifikant (AL, 1)

Ahnlich wie das UV fiel dic Natriumausseheidung in der l\ bereits
nach & min PPB um 119 ab, withrend sic in der DN erst nach 15.min
signifikant erniedrigt war, Die Freiwasser-Clearance war in I\ und DN
nach 10 min PPR clmmhwr and erreiehte 5 min nach Bvcndwunw der-
PPB ein Minimum (42 baw, 38%, des Kontrollwerts), :
. Die Cy war in IN nd DN withrend der PPB picht signifikant vee
andert. In den ersten 5 min der Beatmungsperiode fiel Cpyyyg in der IN
signifikant siciler ab aly in der DN, Nach 13 min PPB war der Unter-
schied nicht mehr signifikant,

Nenraler ]'Zinﬂuls von .\1vclmnun'm:pturcn des Herzens - bedd
. 3

Y dviske umon Die Impuluhcquonz von Aﬁ'cl enzen der !)lenngqrem-p- :
toren des linken Vorhofy ist der Tmpulsfrequenz des efferenten kardialeri .
_S_s mpathicus umgekehrt proportional {3]. Der Ansticg der Herznfrequens
in waseren Bxperimenten mit verminderter Dehnung der Vorhéfe may
auf diesen kardio-kardialen Reflex zuriickzufithren scin.
Firzdich beschrich Karim [4] eine verminderte Impalsirequenz <des

“Nicrensympathiens bei erhohter Debnung des linken Vorhofs. In unseren -
Verenelien ist bei verminderter Dehnnng von Herzvorhdfen und groflen
intruthorakalen Venen entsprechend mit einer erlidhten Linpulsirequenz.
‘des Nierensympathicus zu reehnen, Es kam'zu einer raschen Verminde-
rung der Natriumansseheidung in der 1N und zu ciner signifikant ge-
frmm ren und zeitlich verzogerten Reaktion in der DN, Die rasche wnd
Cgtiirkere Verminderung der Cpy g in der 1N ist ein 1inweis dafir, daB der
.renale Sympathicus die Natriwmriiekresorption durch cmc verringorte

' Nicrenrindendurchblutung beeinflufit hat.

Die zeitlieh verzdgerte Verminderung der Frelwasser- Clearance in IN

“und DX und der \Iatlmmamsclwldunlr in der DN legt jedoch in Uberein.
shmmmw mit Arbeiten anderer Autoren eine Beteiligung von Adiurctin
i (51 und anderen hormonalen Faktoren [1] nahe.
In unseren lixperimenten mit akuter Verminderung des ITV be-
"sehlounigte der Nierensympathicus oflenbar die Depression der Nieren-
“funl:tion, ohne jedoch fiir den chktmnsablauf verantwortlith zu s:in, -

)
[
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